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REPORT INTRODUCTION

Ending the organ shortage in the United States is not only an achievable target, but also a ripening fo-
cal point for a coordinated national grand challenge. This preliminary report, workshop, and forthcoming 
roadmap report seeks to help streamline the development of new technologies, systems, and techniques to 
systematically combat organ disease, injury, and scarcity. The primary objective of this program is to elimi-
nate the U.S. organ shortage, which includes the official waiting list that presently stands at over 120,000. 
The true need, however, is almost ten times larger. An estimated 35% of all annual U.S. deaths could be 
prevented or substantially delayed by organ transplantation; even more deaths could be avoided through 
tissue engineering [3] [4] [5]. Beyond the U.S., the World Health Organization estimates that organ transplants 
are currently meeting less than 10% of the worldwide demand. 

This roadmap workshop and concluding report will result in the identification of challenges and milestones 
that can be the focal point of support that most efficiently generates solutions to the organ shortage. While 
there are additional pathways (e.g. increasing organ donation rates or mechanical replacement), the focus 
here is on organ bioengineering and banking technologies to most effectively end the organ shortage. 

These technologies also have a vast range of other valuable benefits to both civilian medicine as well as to 
the goals of other key federal agencies like the NIH, DoD, BARDA/Project Bioshield, NSF, and NASA. 
There are also strong commercial and competitiveness reasons for the U.S. to invest in these areas.

The United States leading the world in the development of bioengineering and banking industries for com-
plex tissues and organs will have profound benefits to U.S. economic competitiveness, federal cost savings, 
and the millions of citizens affected by organ failure and shortages.
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1. PURPOSE OF THIS PRELIMINARY REPORT 

The Organ Bioengineering and Banking Roadmap Workshop is designed to help organize and prioritize 
actionable next steps to achieve specific milestones on the path toward ending organ shortages. This prelim-
inary roadmap report is meant to provide a framework upon which we can base our discussions during the 
workshop. The information gathered herein is not a comprehensive review or proposed path forward; it is a 
starting point. The information and roadmap structure proposed here will be combined with the informa-
tion captured from our workshop discussions and follow-up interviews to create our final Roadmap Report. 

In the sections below, you will see information gathered from a series of interviews and from a series of 
interviews and background literature.. This information has been compiled into a series of visual roadmaps, 
identifying top level challenges on the path to ending the organ shortage and associated milestones that lead 
to that result. The workshop discussions and follow-up interviews will provide more detail to these road-
maps and draw out action steps that can be taken to help achieve these milestones.

2. PROGRAM OBJECTIVES

This workshop and program are intended to take important steps toward creating a coordinated roadmap 
outlining how and where resources can best be applied to more rapidly advance solutions to organ scarcity, 
injury, and disease.

Through this program, we will: 

• Identify major barriers and quantitative milestones on the road to addressing organ scarcity, injury, and 
disease.

• Discuss how best to identify when a proposed research avenue or milestone is unlikely to be achieved, in 
order to redirect focus toward other promising research.

• Identify the most effective mechanisms for advancing roadmap milestones, including prizes, awards, 
grants, and public-private partnerships.

• Create a publicly distributed report and roadmap to guide future organ banking and bioengineering ef-
forts.

With input from an organizing committee and experts from both public and private sectors, we have been 
working to identify critical challenges, milestones, and priorities on the path toward much-needed clinical 
solutions to organ scarcity, disease, and injury. Our role is to coordinate and communicate the information 
we’ve gathered from experts to support the development of a coordinated response.  

3. ADDRESSING THE LONG-TERM GRAND CHALLENGE

Tissue and organ bioengineering, banking, and regeneration have the potential to save millions of lives, 
but are currently limited by acute shortages of donor organs and tissues, exorbitant costs, difficulties with 
long-term storage, and complications due to necessary immunosuppression, among other issues. In the 
U.S., the need for organ transplants outweighs the supply by a factor of 5 to 1, and the gap continues 
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to grow. In 2012, there were 120,873 official waiting list candidates, but only 28,052 transplants from 
14,013 donors.[1] That same year, more than 10,000 people were removed from the waiting list because 
they died or became too sick to receive a transplant. A rising number of people are suffering from chronic 
disorders, such as diabetes, who become ineligible for transplants given the current criteria. Organ bioengi-
neering, regeneration, and tissue banking offer alternatives for these individuals.

However, the official organ waiting list represents just a fraction of a much bigger problem: an estimated 35% 
of all annual U.S. deaths could be prevented or substantially delayed by organ transplantation [2][3][4]. World-
wide, the World Health Organization estimates that organ transplants currently meet less than 10% of 
the demand. 

More people die from organ impairment than from cancer[9], and yet organ bioengineering research re-
mains significantly underfunded and organ banking research even moreso.

Many related spheres of medicine stand to benefit from systemic advances in organ and tissue regenera-
tion, preservation, and bioengineering, including: cardiovascular disease; chronic neurological conditions 
(such as stroke, Alzheimer’s, Parkinson’s, ALS); inflammatory and autoimmune disorders (diabetes, multiple 
sclerosis, etc.); musculoskeletal disorders (arthritis, tendonitis, carpal tunnel, etc.); ocular disease (macular 
degeneration, glaucoma, cataracts, etc.); neurological injury (spinal cord, traumatic brain injury, etc.); limb 
loss; wound healing; and reconstructive surgery [5,6,7,8]. Significant opportunities also exist for banked hu-
man tissues, both natural and engineered, to support research on diseases like cancer and heart disease and 
improve drug development and chemical screening by reducing costs, increasing efficiency, and decreasing 
the need for animals in research.

Outside of civilian medicine these technologies can also help meet important goals of federal agencies like 
the NIH, DoD, BARDA/Project Bioshield, NSF, and NASA. 

There are strong commercial and competitiveness reasons for the US to invest in these areas. The HHS-led 
Vision 2020: A Future for Regenerative Medicine report estimates that the world market for replacement 
organ therapies alone is over $350 billion. In addition, the Alliance for Regenerative Medicine’s annual 
report states that “potential savings from regenerative medicine treatments – for the U.S. … have been esti-
mated at approximately $250 billion a year.” 

In the last decade, research groups have made advances in stem cell science, tissue engineering, biomedical 
engineering, vitrification and complex tissue cryopreservation, and other areas of regenerative medicine. 
However, clinical translation of actual solutions have been limited and slow to progress beyond a few, rela-
tively non-complex organs such as the trachea or bladder on the tissue engineering side and mostly smaller 
mammalian organs on the preservation side. 

A coordinated roadmap to achieve more advanced clinical applications can help streamline the generation 
of new biomedical engineering technologies to systematically combat organ disease, injury and scarcity. 
This collection of perspectives, ideas, and opportunities along with the discussions and final report from the 
upcoming Organ Bioengineering and Banking Workshop is intended to take us all one step closer to such a 
roadmap. 
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WORKSHOP AGENDA 
MAY 27TH AGENDA

NETWORKING BREAKFAST (8:15 – 9:00AM)

WELCOME & INTRODUCTION (9:00AM – 9:15AM)

Welcome: Goals for the Day

• Joshua Neubert, CEO, Institute of Competition Sciences, New Organ 
Managing Partner, NSF Workshop PI

• Robin Farmanfarmaian, Executive Director, Organ Preservation Alli-
ance

Intro Organizing Committee • David Gobel, Founder, New Organ

Intro National Science 
Foundation

• Dr. Athanassios Sambanis, Program Director, Division of Chemical, 
Bioengineering, Environmental, and Transport Systems, National Sci-
ence Foundation (NSF)

SETTING THE STAGE:  BIOENGINEERING & BANKING NEED AND POTENTIAL 
(9:15AM – 10:30AM)

Big Picture Context

White House Perspective
• Dr Robbie Barbero, Assistant Director for Biological Innovation, White 

House Office of Science and Technology Policy (OSTP) - Invited

The Enormous Need and Value 
• Dr. Sebastian Giwa, President and CEO, Organ Preservation Alliance

A National Strategy and Grand Challenge Vision
• Michael Werner, Executive Director, Alliance for Regenerative Medicine

State of the Art Technologies

Organ Preservation and Banking
• Dr. Erik Woods, President, The International Society for Cryobiology
• Dr. Ken Storey, Canada Research Chair in Molecular Physiology and 

Professor in Biochemistry at Carleton University

Bioengineering
• Dr. Jennifer Lewis, Hansjorg Wyss Professor of Biologically Inspired 

Engineering, Harvard University

Roadmap Introduction

• Lt. Col. Luis Alvarez, PhD, Academy Professor and Director of the Cent-
er for Molecular Science, US Military Academy, Author of the DoD’s 
Organ Banking Grant Programs and Former co-founding Deputy Di-
rector of the DoD’s Tissue Injury and Regenerative Medicine Program

20 MINUTE BREAK (10:30AM- 10:50AM)  

HOSTED AT THE LOFT, 600 F STREET, NW, WASHINGTON DC
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MAY 27TH AGENDA

CRITICAL CHALLENGES (10:50AM – 12:10PM)

Discussion: 
Top Level Challenges 

Discussion groups on top challenges (scientific, technology and other) towards 
ending the organ shortage.

Introduction to Ecosystem Challenges
• Bernard Siegel, Executive Director, Genetics Policy Institute (GPI)/World 

Stem Cell Summit (WSCS)

Introduction to Bioengineering Challenges
• Dr. Jason Wertheim, Assistant Professor in Surgery-Organ Transplantation, 

Northwestern University

Introduction to Banking Challenges
• Dr. Gregory Fahy, Chief Science Officer, 21st Century Medicine and Fellow 

of the Society for Cryobiology

HOSTED LUNCH (12:10PM – 1:15PM)

MILESTONES, METRICS AND PRIORITIZING SUPPORT (1:15PM-3:30PM)

Discussion: 
Scientific Milestones 
and Metrics

Discussion groups on the top scientific milestones towards solving the chal-
lenges and what metrics are required to measure/evaluate such milestones.

Introductions
• Lt. Col. Luis Alvarez, PhD, Academy Professor and Director of the Center for 

Molecular Science, US Military Academy
• Dr. Martha Lundberg, Program Director, Advanced Technologies and Surgery 

Branch, National Heart, Lung, and Blood Institute (NHLBI)

Panel:  
Ideas on Prioritizing 
and De-Prioritizing 
Research Areas

NSF, NIH, DoD, and ARM explore existing and new mechanisms to better 
prioritize or de-prioritize research areas.

Presenters 
• Dr. Athanassios Sambanis, Program Director, Division of Chemical, Bioengineer-

ing, Environmental, and Transport Systems, National Science Foundation (NSF)
• Dr. Deborah Hoshizaki, Program Director, Division of Kidney, Urologic, 

and Hematologic Diseases, National Institute of Diabetes and Digestive and 
Kidney Diseases (NIDDK)

• Dr. Kristy Pottol, Director, Armed Forces Institute for Regenerative Medicine, 
US Army Medical Research and Materiel Command (USAMRMC)

• Dr. Claudia Zylberberg, President/CEO, Akron Biotech/Alliance for Regen-
erative Medicine (ARM)

20 MINUTE BREAK (3:30 – 3:50) 
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PATH FORWARD & NEXT STEPS (3:50 PM - 6:00PM)

Discussion:  
Government and 
Institutional Support

Discussion on how government and institutional support could be im-
proved and leveraged through cross-organizational collaboration.

Introductions
• Dr. Mehmet Toner, Helen Andrus Benedict Professor of Surgery, Harvard 

Medical School
• Dr. Jeffrey Morgan, Director of Biomedical Engineering, Brown Univer-

sity
• Dr. Teresa Woodruff, Director of Oncofertility Consortium, Professor and 

Chief of the Division of Reproductive Science in Medicine, Northwestern

Discussion:  
Public-Private Partnerships, 
Open Innovation and Prizes

Discussion groups on how public and private collaboration and open inno-
vation and prizes can support more traditional models of support to help 
achieve milestones.

Introductions
• Dr. Sandeep Patel, Open Innovation Manager, DHHS 
• Sam Ortega, Program Manager, Centennial Challenges, NASA
• Jennifer Gustetic, Assistant Director, Open Innovation,  

White House Office of Science and Technology Policy (OSTP) - Invited

Discussion:  
The Roadmap  
and Path Forward

Discussion on next steps and framework for continued dialog and coordi-
nation between stakeholder organizations, private sector, and government.

Moderators
• Mr. Joshua Neubert, CEO, Institute of Competition Sciences, New Or-

gan Managing Partner, NSF Workshop PI
• Dr. Sebastian Giwa, President/CEO, Organ Preservation Alliance

HOSTED RECEPTION (6:00 – 8:00PM)

WORKSHOP AGENDA 
MAY 27TH AGENDA

FOLLOWING THE MAY 27TH WORKSHOP,  
THE WHITE HOUSE OFFICE OF SCIENCE AND TECHNOLOGY POLICY 

WILL BE HOSTING A ROUNDTABLE ON MAY 28TH
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New Organ is a collaborative philanthropic initiative tackling organ scarcity and injury through 
challenge prizes and partnerships that advance specific targets in tissue and organ regeneration, 
bioengineering, and preservation. New Organ is underwritten by the Methuselah Foundation and 

managed by the Institute of Competition Sciences.

To advance breakthroughs in bioengineering, banking and regeneration, we have established the New Organ 
Alliance, a growing group of leaders with overlapping interests and missions. The purpose of the New Organ 
Alliance is to better leverage resources and further shared goals. The Alliance includes TERMIS, the Harvard 
Stem Cell Institute, the Organ Preservation Alliance, Organovo, and 30 individual scientific advisors.

In addition to building the Alliance, New Organ creates and launches incentive prizes that spur innova-
tion in organ regeneration, bioengineering, and preservation. This year, New Organ (via its sponsor, the 
Methuselah Foundation) entered into an MOU with NASA to develop rules for a potential NASA tissue 
engineering challenge focused on thick tissue vascularization.  In 2013, New Organ launched the inaugural 
New Organ Liver Prize at the 2013 World Stem Cell Summit with $1 million in initial funding from the 
Methuselah Foundation. To date, 10 labs have committed to pursue this challenge.

The Organ Preservation Alliance is a non-profit incubated at SU Labs at NASA Research Park in 
Silicon Valley, which is working to catalyze breakthroughs on the remaining obstacles towards the 
long-term storage of organs by building on recent advances in cryobiology and relevant fields.

These breakthroughs will save and enrich the lives of millions; they will also accelerate progress towards 
breakthroughs in organ tissue engineering. Innovation in these technologies will enable cryobanked, tissue-
engineered organs to be available off-the-shelf and on-demand, eventually revolutionizing human health.

In February of 2015, we convened leading scientists and transplant surgeons from around the world to the 
first global Organ Banking Summit at Stanford (and with sessions at the Lawrence Berkeley National Lab 
and at SU Labs at NASA Research Park). The next Organ Banking Summit will be held in June 2016 in 
Cambridge, MA.

The Organ Preservation Alliance is a Founding Partner of New Organ.

ORGANIZERS  
BACKGROUND
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INTRODUCTION

This preliminary roadmap report is meant to provide a framework upon which we can base our 
discussions during the workshop. The information gathered herein is not a comprehensive review or 
proposed path forward. It is a starting point. The information and roadmap structure proposed here 

will be combined with the information captured from our workshop discussions and follow-up interviews 
to create our final Roadmap Report. 

This roadmap effort focuses on two key solution spaces for solving the organ shortage. It is our view that 
organ banking and organ bioengineering will produce the most viable, beneficial, efficient, and sustainable 
solutions to the challenges before us. These two are important technologies as it pertains to U.S. competive-
ness and jobs creation as wells as for meeting the goals of federal agencies like the NIH, DoD, BARDA/
Project Bioshield, NSF, NASA, and others. 

The charts noted below are preliminary roadmaps noting the relationships between the challenges, mile-
stones, and their associated metrics. It is our goal to identify linkages between these challenges and mile-
stones that will help inform the most efficient actionable next steps that will lead toward solving the ulti-
mate grand challenge of ending the organ shortage in the United States.

Solution Areas  
to the Organ Shortage

Engineering, 
Bioengineering, 

and Regeneration

Preservation 
and Banking

Increasing 
Donation

Technological/
Mechanical 

Replacement

Optimizing 
Transport  
(without 

preservation 
breakthroughs)
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PROCESS

New Organ and the Organ Preservation Alliance conducted a series of interviews and meetings with 
scientific and organizational leaders in the organ banking and bioengineering fields to gather prelimi-
nary perspectives, information and insights on the challenges and milestones on the path toward ending 

organ shortages. 

The information gathered from these interviews has been curated, combined, and condensed into the 
preliminary challenge roadmaps noted below. We will use these challenge roadmaps and their associated 
milestones to guide our discussions during the workshop and to gather additional information for the final 
Roadmap Report.

After the workshop, we will combine all the information gathered from participants together with informa-
tion from our preliminary interviews and create a final Roadmap Report. This report will include the chal-
lenges and associated milestones in a set of roadmaps along with recommended opportunities for advancing 
solutions to each milestone. It is our hope that this final report will be able to serve as a map to help agen-
cies, academia, philanthropy, and industry collaborate on an overall coordinated plan toward ending the 
organ shortage through bioengineering and banking. 

New Organ and the Organ Preservation Alliance will follow up with workshop participants with this final 
report to explore actionable opportunities for new grants, prizes, public-private partnerships, and other 
ways that may be able to help advance solutions to the milestones that have been identified.
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SOURCES

The following list includes the set of sources that have been used in defining the preliminary challenges 
and milestones. Much of our information has come from live interviews with experts and organiza-
tional leaders in combination with background information from published research.

INTERVIEWS

• The following stakeholders were interviewed by New Organ and Organ Preservation Alliance:

Jason Acker 
Professor, University of Alberta 

Luis Alvarez 
Academy Professor, United States Mili-
tary Academy

Raj Aravalli 
Assistant Professor, University of Min-
nesota

John Baust 
Director, Institute of Biomed Tech 
SUNY at Fredonia

John Baust Jr. 
President/Lead Scientist, CPSI Biotech

James Benson 
Assistant Professor, Northern Illinois 
University 

John Bischof 
Professor, University of Minnesota 

Kelvin Brockbank 
CEO, Tissue Testing Technologies 

Scott Collins 
CTO, TeVido Biodevices

Joaquin Cortiella 
Director, Tissue Engineering & Organ 
Regeneration University of Texas Medical 
Branch

Utkan Demirci 
Associate Professor of Radiology, Stan-
ford University

Gloria Elliott 
Director, Biostability Lab, UNC at 
Charlotte

Janet Elliott 
Professor, University of Alberta

Gregory Fahy 
VP/CSO, 21st Century Medicine 

John Geibel
Professor of Surgery, Yale University

Greg Germino
Deputy Director, NIH NIDDK

David Gobel 
Founder, New Organ 

Adam Higgins 
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SOURCES

• 22 conference calls, meetings and/or lab visits conducted by the Organ Preservation Alliance and Lt. Col. 
Luis Alvarez from June to September 2014 when drafting a NextGenCryo proposal for DARPA.

• 19 conferences calls and/or meetings conducted by the Organ Preservation Alliance when putting togeth-
er an alpha concept for an Organ Banking Grand Challenge Prize.

• 30 Scientific Advisors interviewed by the New Organ team in development of the Liver Prize, Kidney 
Prize, and Vascular Prize rules.

EVENTS ORGANIZED

• 3-day, first global Organ Banking Summit, in Feb 2015, at Stanford (including sessions at NASA and 
Lawrence Berkeley National Lab).

• 1 half-day interagency meeting in July 2014 hosted by the Department of Health and Human Services, 
organized by New Organ, and sponsored by Methuselah Foundation.

OTHER KEY SOURCES REVIEWED

• 2020: A New Vision – A Future for Regenerative Medicine
• 3D Bioprinting of Vascularized, Heterogeneous Cell-Laden Tissue Constructs
• ARM National Strategy White Paper
• ARM Challenging Regeneration to Transform Medicine White Paper
• Challenge Regeneration to Transform Medicine (Confidential)
• Compendium of Organ and Tissue Banking Concepts
• Engineered Whole Organs and Complex Tissues
• Human Organ Project Presentation
• MATES: Advancing Tissue Science and Engineering Report
• Perspectives on Whole-Organ Assembly
• Mayo Clinic Regenerative Medicine Primer
• Nanotechnology: Emerging Tools for Biology and Medicine
• Potential of the Combination of CRISPR/Cas9 and PSCs to Provide Human Organs from Chimaeric Pigs
• Regenerative Medicine Applications in Organ Transplantation
• Revisiting the Flight of Icarus: Making Human Organs from PSCs with Large Animal Chimeras
• Solving Organ Shortage Infographic
• Vascularized and Complex Organ Buds from Diverse Tissues via Mesenchymal Cell-Driven Condensation
• Whole-Organ Bioengineering: Current Tales of Modern Alchemy
• Will Regenerative Medicine Replace Transplantation?
• The Xi’an Papers
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DEFINITIONS

We have organized our research in organ bioengineering and banking into five levels:

(1) Grand Challenge – the overarching goal that demarcates success. The grand challenge is to end all organ 
shortages so that no one in the United States lacks a functioning organ.

(2) Challenges Areas – the overarching categories or similar hurdles that need to be overcome (for example, 
“Cell Level” for the bioengineering roadmaps). 

(3) Challenge Topics – each overarching Challenge Area includes a set of high-level challenges that have 
been identified (for example, Cell Sourcing and Cell Mapping are each Challenge Topics noted in the “Cell 
Level” Challenge Area).

(4) Milestones – specific hurdles that when overcome will help lead toward solving each challenge (for ex-
ample, “identifying the best cell source...” is a milestone under the Cell Sourcing challenge within the Cell 
Level Challenge Area).

(5) Metrics - the quantifiable markers that need to be measured in order to successfully know that a mile-
stone has been passed.
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ROADMAPS  
FOR BANKING

From the vantage point of this moment in time it seems as if significant breakthroughs in cryopreser-
vation of complex tissues should be possible within the next 5 years - with a consensus among the 
world experts surveyed believing that it should be possible to bank whole human organs within 

a decade given the right focus and support. 

The vast and growing shortage of organs leads to premature death for millions and costs to society are im-
mense. There is further suffering, death and cost due to needed immune suppression and non-ideal organ 
matching. Longer preservation times of organs can help solve each of these problems.

Cryobanking and other preservation methods of complex tissues would have many other benefits. It 
would enable doctors to protect the ovaries of young women with curable cancer and enable more hand and 
limb transplants for maimed soldiers, firefighters and civilians. Banking of human tissues for drug screening 
will also increase efficiency, reduce cost and decrease the need of animals in research. Moreover, it is a valuable 
complement to tissue engineering, which is already increasing the demand for cryopreservation.

Nature has in some ways already solved this with many species being able to survive long periods of time 
in a state of hibernation or even suspended animation, with the whole animal, including every single organ 
being “banked” with depressed metabolism and at depressed temperature - without injury of any of the 
vital organs upon rewarming and revival. 

Clinically, stem cells, sperm, and embryos have been cryopreserved for decades, and progress in cryobiology 
has made it possible to bank arteries, heart valves, corneas, organ slices and more. We have also seen pro-
gress with rat hearts, pig livers, sheep ovaries, pig uteri, rodent limbs, and the cryopreservation and 
successful transplantation of a rabbit kidney.1

Building on this to make organ banking routine medicine is still a large challenge. But it can be broken into 
six remaining sub-challenges (see next section below), each of which appears translatable into an “engineer-
ing” problem and which from a 2015 vantage point appears solvable. 

As never before, valuable understanding and tools in other - often radically accelerating - domains are empow-
ering cryobiologists and can, via interdisciplinary collaborations, help with each of the six sub-challenges.

At the same time there are several key bottlenecks that are limiting important progress in this field ranging 
from the need for longer-term and multi-center research funding as well as to some extent for riskier/more 
innovative-type research funding, better coordination (no single centers or consortia exist, cryobiology/
organ preservation being an “orphan” field with no clear home at e.g. the NIH), and, while the end market 
potential is vast, not yet having vibrant involvement from industry and venture investment. 

1 Gavish, Z., et al,. 2008. “Cryopreservation of whole murine and porcine livers”, Rejuvenation Res, 11, 765-72, Armitage WJ, Pegg DE., “The 
contribution of the cryoprotectant to total injury in rabbit hearts frozen with ethylene glycol”, Cryobiology. 1979, G. Amir et al., “Improved 
viability and reduced apoptosis in sub-zero 21-hour preservation of transplanted rat hearts using anti-freeze proteins,” J Heart Lung Trans-
plant, 24:1915-29, 2005., G. Fahy et al, ”Physical and biological aspects of renal vitrification “, Organogenesis. 2009 Jul-Sep; 5(3): 167–175 
and Xu H, et al, “An experimental research on cryopreserving rabbit trachea by vitrification”, Cryobiology. 2009, Arav A., et. al, Oocyte 
recovery, embryo development and ovarian function after cryopreservation and transplantation of whole sheep ovary.Hum Reprod. 2005 
Dec;20(12):3554-9. Epub 2005 Sep 20.
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ROADMAPS  
FOR BANKING

ORGAN PRESERVATION AND BANKING CHALLENGES

While from a small base, there has been significant progress in this field as discussed in the section 
above and the rate of increase in understanding is in some ways exponential:

At the same time, building on this progress to make organ banking routine medicine is still a large chal-
lenge. But, based on the first global Organ Banking Summit at Stanford (and with sessions at NASA and 
Lawrence Berkeley National Lab) that convened leading scientists from around the world in February 2015, 
the grand challenge can be broken into six remaining sub-challenges:

1. Control excessive ice formation
2. Hold cryoprotectant toxicity within acceptable levels
3. Limit disproportionate mechanical/thermodynamic stress
4. Control excessive chilling injury
5. Avoid unacceptable levels of ischemic injury
6. Ensure acceptable repair and revival protocols 

Due to the body’s own regenerative abilities, each sub-problem need not be perfectly solved, but rather controlled 
and held within an acceptable threshold. And due to the interconnectedness, progress in one of the areas decreas-
es how much progress is needed in the other areas to achieve a working holistic preservation solution. 

See the roadmaps for further color on the six remaining scientific/technical challenges. 

PUBLICATIONS MENTIONING 
“CRYOPRESERVATION”

PUBLICATIONS MENTIONING 
“VITRIFICATION”
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ROADMAPS  
FOR BANKING

Remaining Challenges  
to Bank Organ and VCA systems

5. Avoid 
unacceptable 

levels of 
ischemia/

reperfusion injury

Incorporate key 
understanding 

from hypothermic 
medicine, 

resuscitation 
science, perfusion 

based organ 
preservation, etc.

Chilling injury 
understanding and 

investigation

Understanding 
and control of  

mechanical and 
thermal behavior 
of cryopreserved 

materials

Understanding 
cryoprotective 

agent (CPA) and 
related toxicity 

Understanding 
and control of 
ice nucleation, 
ice growth and 

propagation  

Understanding 
and control of 

recrystallization 
and devitrification

Developing 
and integration 

of imaging 
technologies, 

simulations and
modeling, 

nanoparticle based 
cooling/rewarming  

protocols, etc

Tissue pre-
conditioning (e.g. 
slow/depressed 
metabolism and  
stress tolerance 

induction)

Therapeutic 
mitigation of CPA 

toxicity

Integration of 
proteomics, 

metabolomics, 
genomics and 

epigenetics 
to improve 

understanding

Integration of 
computational 

chemistry and/or 
high throughput 
testing methods 

Optimization of 
cooling/heating and 
storage protocols 

Integrated use 
of Computed 
Tomography, 

Neutron Scattering, 
Thermal, 

Mechanical Stress 
Modeling, etc.

Understanding and 
investigation of cell 
membrane damage, 

loss of selective 
permeability and 

cold shock

Investigation on 
specific cell/tissue 

types

Understanding, 
characterization 
and targeting of 

molecular damage 
mechanisms (e.g. 

cellular membranes, 
and intracellular 

organelles damage,  
cell cytoskeleton 

disassembly, 
apoptosis, osmotic 

and oxidative 
stress)

Integration of 
post conditioning, 

treatment of 
marginal donor 

organs and 
perfusion based 

organ preservation 
methods

Incorporation/ 
application of 
knowledge/

approaches derived 
from regenerative 

medicine, stem cell 
science, etc

Tissue pre-
conditioning (e.g. 
slow/depressed 
metabolism and  
stress tolerance 

induction)

Understanding 
and use of 

nature inspired 
strategies (e.g.  
hypometabolic 
states of torpor 
or dormancy of 
freeze tolerant 

and hibernating 
animals)

Application of 
computational/
high throughput 

methods to develop 
protective cocktails 

for  pre- and 
post preservation 

perfusion

6. Ensure 
acceptable 

revival and repair 
protocols

4. Control 
excessive chilling 

injury

3. Limit 
disproportionate 

mechanical/
thermal stress

2. Hold 
cryoprotectant 
toxicity within 

acceptable levels

1. Control 
excessive ice 

formation

ORGAN PRESERVATION AND BANKING CHALLENGES
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ROADMAPS  
FOR BANKING

Importantly, at the same time that “classical” cryobiologists have been making good progress on each sub-
problem, within each of the six areas there are many important domains of science and technology and 
many powerful tools that have not yet been brought in to help solve the problems: 

A complete consensus among the scientists discussed in detailed ways how domains of science and technol-
ogy would be powerful to bring in – and how recent breakthroughs (such as e.g. rational and highthrough-
put screening of cryoprotectant agents and nano-particle radiofrequency rewarming) already have demon-
strated such power.

Examples of Scientific Domains, 
Technologies and Tools from 

Outside of Cryobiology

 Civilian and 
military trauma 
& resuscitation 
medicine and
hypothermic 

surgery

to discover more 
effective and less 

toxic
cryoprotectant 

cocktails

to better 
understand and 

address ice
nucleation/growth, 

vitrification and
devitrification as 

wells as fracturing

to accelerate 
both cooling and 

warming and
avoid fracturing as 
wells a minimize 
concentration of 

CPAs needed

 to understand the 
effects of

temperature, water 
replacement, and

cryoprotectants on 
biomolecules

to decrease 
ice formation 
and facilitate 
vitrification 

accelerate cooling 
and rewarming

protocols

to better 
understand and 

find ways
to intervene with 

chilling injury,
osmotic shock and 
toxic reactions to
cryoprotectants

to better 
understand and 

find ways
to deal with cell 

damage and stress
tolerance

 to accelerate 
rewarming 

protocols and
avoid devitrification 

processes 

to better 
understand and 

avoid
fracturing and 
other thermo 
mechanical 

stresses

 to minimize 
ischemic injury and

optimize revival

to prepare and 
harden cells ahead

of potential 
damage and 

optimize
healing of any that 

occurs

Preconditioning, 
stem cell science 

and expertise
in key metabolites, 

enzymes and
certain amino 

acids

Mechanical 
engineering and 

material
science

Radio frequency
microwaves, 

magnetic 
nanoparticles

Biogerontology

Metabolomics, 
proteomics,

genomics and 
epigenetics

 Hyperbaric, 
Isochoric and 
other areas of 

pressure science 
and tools

 Cryoenzymology
(whis is separate 
silod field from 

cryobiology)

Gas persufflation

Powerful 
computer 

modeling and  
simulations

High throughput 
screening,

computational 
and conceptual

chemistry

In addition, many other domains can add value, such as: Biochemistry, Molecular Biology, 
Electron Microscopy and Scanning Sciences, Automation and General Engineering,and Surgical Skill.
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ADDITIONAL ORGAN PRESERVATION AND BANKING CHALLENGES

Almost all scientists that were interviewed stressed how the historical “orphan, neglected and 
under-supported” nature of cryobiology and organ preservation means that, today in 2015, 
“institutional” challenges are at least as significant road blocks/rate limiters as the actual 

remaining scientific challenges.  

Many mentioned how the size of the list of institutional challenges can actually be seen as a positive and is 
partially why they are optimistic about future progress in organ banking:  Each of these historical challenges 
is also a future opportunity.  

Several scientists stated that it may in fact be the case that the ability to facilitate, support and acceler-
ate scientific and technological breakthroughs in this historically under-focused area is significantly 
larger than in many/most other areas of medical need.

ROADMAPS  
FOR BANKING

Turn historical institutional 
challenges into future 

opportunities across 4 pillars

Challenges and 
Opportunities for 

Technological Convergence

Challenges and 
Opportunities for 

Systematic Review  
of Field and Coordination

Challenges 
and Opportunities for 
Government Support

Challenges 
and Opportunities to 

Align Market Incentives

Challenges and Opportunities for Technological Convergence:

• Much of the needed expertise exists across individual labs, but multi-center collaborative efforts that bring 
together those different pieces are required.

• Field is still highly fragmented, “orphan” and “almost forgotten and neglected”, but as seen by the response to 
the DoD SBIRs2 and evidenced by the first global Organ Banking Summit there exists a significant pool of tal-
ent with a vast pent up supply of promising ideas and projects that could lead to the needed breakthroughs.

• Lack of enough collaboration and involvement with and by transplant surgeons and others clinicians.

• Much valuable knowledge, understanding and tools now exists in domains outside of cryobiology that 
could help solve remaining problems - mechanisms to bring in such expertise and tools via interdiscipli-
nary collaboration and integration are needed.

2 According to Lt Col Alvarez, the number and strength of proposing teams for the three DoD Tissue and Organ banking SBIR calls was 
almost unprecedented - with many extremely strong multi-lab teams forming, including from Harvard/MIT, Stanford and National Labs. 
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ROADMAPS  
FOR BANKING

• Investigational focus tend to be on physical stabilization and modeling (ice control) with little incorpora-
tion of the world’s 2015 abilities to study molecular responses.  

• Too little focus on true system viability and function. Assessment endpoints and definitions of success are 
restricted to immediately post thaw vs longer term; other type of transplantation as well as tissue engi-
neering fields are much better at this.

• Lack of development of and/or incorporation from other fields of needed platform technologies (scan-
ning, screening, modeling and other tools). 

Challenges and Opportunities for Systematic Review of Field and Coordination:

• There is lack of understanding of how transformational organ banking would be for transplantation and 
trauma medicine as well as for how it will be an important enabler and accelerator of tissue engineering - 
systematically mapping that out and evaluating the benefits would be valuable.

• There is also a lack of understanding of recent progress, wealth of potential solutions to the remaining 
problems and the amount of talent both within cryobiology and importantly other domains that have not 
yet been brought in to work on these challenges.

• Preservation impacts critical goals at several government agencies (NIH, DoD, VA, BARDA/Project 
Bioshield, NASA, etc.). A need exists for interagency initiatives in organ and tissue preservation (intera-
gency workshops, joint reviews, joint grant efforts, etc.).

• The field lacks a complete inventory of challenges, clear milestones, and a roadmap and priorities. This 
workshop and roadmapping process is a good first step in that direction, at the same time it would be 
good if the NIH could lead an even more in-depth investigation, perhaps by assigning a coordinating 
academic center that the NIH would then collaboratively work together with others. 

• Too little coordination/standardization of model system choices. The Society for Cryobiology should 
form a working group on the topic and such standardization should then be included in government 
grant calls, etc.

• Ensure good, regular scientific conferences, workshops and gatherings occur that focus on complex tissue 
cryopreservation and other organ preservation topics. Follow up global Organ Banking Summits were 
requested by many scientists.

Challenges Opportunities for Government Support:

• While better preservation and cryobanking of complex tissues would be highly beneficial for the goals 
of several NIH institutes (NIDDK (kidney, liver, bioengineered), NHLBI (heart, lung, bioengineered), 
NIBIB, NCI (ovaries/testes for onco fertility, all types of tissue for cancer treatment testing/research, and 
several other institutes), this field/area seems to have fallen between the cracks. Many expressed the view 
that there is lack of focused efforts, initiatives and grants from the NIH.
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ROADMAPS  
FOR BANKING

• NSF, BARDA, NASA and, while they have already begun to support organ banking efforts, also the 
DoD, have critical goals that organ and tissue banking can help meet. 

• Lack of larger scale research projects - research mostly done in “bits and pieces” on small size budgets over 
short time frames. No cooperative NIH grants, no single center, no research network, nor any consortia 
to coordinate multi-center, longer-term research projects exist.

• Very tough for PhD students who desire to embark on a career in cryopreservation/organ preservation to 
do so: NIH, NSF and DoD all have Young Investigator / Career Awards but none exist that are focused 
on Cryobiology, Cryotechnology, and Cryopreservation. 

• Preservation should be explicitly stated as a required component to think through/consider in any tissue 
engineering / manufacturing grant calls (as often the best way to enable preservation of an engineered 
construct is to design it to be “preservation friendly” from the outset).

• There is a need for further regulatory and FDA clarity and transparency of how different new organ and 
tissue banking solutions will be treated.

• Given how valuable and many lives would be saved if organ banking is achieved just 6-12 months earlier 
than otherwise would be the case and the need for multi-center, riskier, and innovative research to play a 
key role here, a DARPA-like program could be a pivotal component.

Opportunity to Align Market Incentives:

• While end stage market potential is enormous, historical lack of: 
• corporate/industry involvement 
• VC and other investment funding 

• Culture: Academia versus industry, field needs a complementary, product-driven focus.

• In cryobiology, traditionally academia trains academic jobs whereas engineering academia mostly trains 
individuals for industry work - both are needed, but cryobiology has mostly the former.

• Despite bioengineering having one of the largest needs and being one of the largest future markets for com-
plex tissue preservation there is very little collaboration and integration between the two fields and bioengi-
neered constructs often face problems of preservation and storage before they can be commercialized.
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IDEAS AND SUGGESTIONS FOR MILESTONES AND METRICS

Below we have synthesized the main suggestions/recommendations for near, mid-term and longer-
term milestones towards the goal of banking human organs within 8-10 years (a consensus among 
scientists stated as the timeframe within which they believe it to be possible).

Near term (years 0-3)

• Build out/import/adapt important platform technologies (scanning modalities, molecular, genomic, 
proteomic assays, cell-based tissue models from cancer research, etc.; see also map “Examples of Scientific 
Domains, Technologies and Tools From Outside of Cryobiology” above) to ensure improved fundamental 
understanding as well improved evaluation of new cryo protocols.

• Apply the vast battery of pent up and untested ideas as well as huge unexplored “search space” to test 
better cryoprotectants and cryoprotocols on cell lines and organ-on-a-chip-type models with reversible 
preservation as well in larger organ models (without the goal of reversibility).
• Metric - Improved viability and decreased toxicity

• Develop improved and non-toxic, clinically relevant, preservation of hematopoietic stem cells (HSCs)/
bone marrow/cord blood. 

• Develop prototype equipment for better cooling, fast and homogenous rewarming (priority 1) and 
normo-, subnormo- and hypothermic perfusion for pre- and post-conditioning and evaluation – much 
which can be tested in both smaller and larger tissue and organ models.

• Successful integration of molecular preservation strategies and new equipment to improve simple tissue 
cryopreservation (e.g. natural and engineered blood vessels and skin; organ and tissue biopsy preservation 
for testing, diagnostics, regenerative medicine, etc. as well as muscle flaps).
• Metric – Improved tissue quality from that of current process

Midterm (years 3-6)

• Continue building increased understanding, platform tools, formulating better cryoprotectants and cryo-
protocols as well as developing equipment per above.

• Progress and repeatedly succeed with small mammalian full organ (liver, kidney, heart, limb) and perhaps 
human face cryopreservation, rewarming and transplantation studies. 
• Metric - increase current preservation times of vital organs and limbs by 3x up to indefinite preservation 

times (with e.g. vitrification) 

• Achieve clinically relevant banking of whole human ovaries and testicles for fertility and hormone balance 
protection in cancer treatment.

• Develop of clinically relevant cryopreservation/stabilization strategies for “high sub-zero to intermedi-
ate cryogenic storage” in the -20°C to -80°C range for a series of natural and engineered tissue products 
providing:
• Metric - Stable storage life of months up to 1-2 years

• Enable the establishment of next gen skin banks for wound healing/burn victims. 
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• Development of molecular-based recovery/revival/repair technologies/strategies for tissues already cryo-
preserved. 

• Improve on prototype devices for rapid freezing or rewarming/thawing of cryopreserved tissue products as 
well as better perfusion modalities.
• Freezing Metric – reduce freezing time by 75% 
• Thawing Metric – provide a controlled, consistent, reproducible documented thawing unit. Eliminate 

end-user variability and “art” of process
• Perfusion Metrics - i) time at which tissue/organ can be sustained via perfusion, and ii) improvement of 

post cryopreservation viability after perfusion based pre- and/or post-conditioning

• Development of cryopreservation strategy for large organ tissue samples.

• Step towards whole organ which builds upon the biopsy sample in near term section and smaller mam-
malian organs in section above.

Longer-term (years 6-10 years)

• Continue building increased understanding, platform tools, formulating better cryoprotectants and cryo-
protocols as well as developing equipment per above.

• Develop successful cryopreservation for large mammalian whole organ and limbs and genetically modi-
fied/humanized pig organs.
• Heart, Liver, Kidney, Lung, Hand, Limbs

• Development of next gen tissue engineered products with integrative enhance preservation compatibility.

• Last phase development of improved, freezing, thawing and perfusion devices for whole organ processing. 
• Including evaluation pre-transplant

• Develop successful clinical cryopreservation for first human organs (e.g. livers, kidneys, hands and faces).

• Develop successful clinical cryopreservation of remaining human organs (e.g. hearts, lungs and limbs).
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Turn historical institutional challenges into future 
opportunities across 4 pillars

ROADMAPS  
FOR BANKING

CONCLUSION - ORGAN PRESERVATION 

There appears to be an emerging consensus among leading scientists that recent progress in cryo-
preservation - and importantly in many other scientific fields, technologies and tools yet to be lever-
aged  – have brought the goal of banking human organs within reach. In fact most believe that with 

the right institutional support organ banking could become available and begin to transform transplanta-
tion and save lives within 8-10 years. 

Roadmap for How to Bank Human 
Organs in 8-10 years

Control 6 remaining 
scientific/technical 

challenges

Set and meet scientific and 
technical milestones

Control excessive ice formation short-term (year 0-3) Challenges and Opportunities for Technological Convergence

Challenges and Opportunities  
for Systematic Review of Field and Coordination

Challenges and Opportunities for Government Support

Challenges and Opportunities to Align Market Incentives

Hold cryoprotectant toxicity within 
acceptable levels medium-term (year 3-6)

Limit disproportionate 
mechanical/

thermodynamic stress
longer-term (year 6-10)

Control excessive chilling injury

Avoid unacceptable levels of 
ischemia/reperfusion injury

Ensure acceptable revival and 
repair protocols
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Tissue and organ bioengineering has the potential to save millions of lives, but has been limited by – among 
other challenges - complexities of cell growth and formation, complications integrating tissues with host 
vasculature and other systems, and issues due to immunosuppression. Clinical translation of actual solu-
tions has been limited and slow to progress beyond a few relatively non-complex organs such as the trachea 
or bladder.

The roadmaps below are a starting point for the conversations at the workshop and a method for identify-
ing actionable next steps. Through these maps, we aim to identify the top-level tissue and organ bioengi-
neering challenges along with the critical milestones that must be achieved along the way. In this report, 
challenges are grouped into categories based upon the area of research. Bioengineering Challenge categories 
include: cells, tissues, organs, integration and technology. 

Each challenge and milestone noted has been taken from the interviews and research reviews noted in the 
Sources section above. The descriptions of each item are preliminary concepts based upon these interviews 
that will be expanded, edited, and updated during the workshop and follow-up interviews.

TOP-LEVEL BIOENGINEERING CHALLENGE CATEGORIES

 

 
BIOENGINEERING

CELLS TISSUES INTEGRATIONORGANS TECHNOLOGY

BIOLOGICAL CHALLENGES ECOSYSTEM/TECHNICAL
CHALLENGES
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CHALLENGE DESCRIPTIONS

1. Synthesis – understanding how cells interact with each other and their environment could provide key insights 
for how to mass-produce, preserve, catalogue, and create the cells required for functioning tissues and organs.

2. Mapping – better understanding the complex systems and structures within tissues and organs on a cel-
lular level will help improve our ability to construct new tissues with similar functions.

3. Sourcing – knowledge on identifying the best cell sources for specific tissues or organs will help in creat-
ing functioning systems. This includes creating stable, reliable, renewable sources for all parenchymal and 
autologous cells of each tissue or organ.

4. Manufacturing – the ability for large-scale, cost-effective production of cells and tissues is critical to end-
ing the organ shortage through regenerative techniques. Further development of the methods, tools, and 
techniques to produce each cell type at scale is required.

ROADMAPS  
FOR BIOENGINEERING

CELLS

Synthesis Cell Mapping Cell Sourcing Cell Manufacturing 
& Banking

Gain a detailed 
understanding of how cells 

interact with each other

Create a detailed map, cell 
by cell, of complex organs

Large-scale, cost-effective 
production of cells 

and tissues in a Good 
Manufacturing Practices 

(GMP)-compatible manner.

Develop appropriate 
media and reagents, 

instrumentation, 
automation, and robotics

Produce high yields of 
fully-differentiated cells in 
an industrially scalable and 

cost-effective manner is 
critical for a wide variety of 

tissue/organ types

Create robust cell sources 
that can be expanded to 

staggering numbers

Integrate diverse disciplines 
to organize and pattern 

multiple cell types

Developing a greater 
understanding of cellular 

interactions in a given 
tissue

Tissues must be rapidly 
constructed, while 

accurately emulating the 
function and structure of 

these complex organs and 
tissues

Understand and control the 
cellular response

Establish an overarching 
paradigm of how cells 
specifically process the 

signals received from their 
environment, and organize 
into tissues and organisms

Identify the best cell source 
tailored for a specific tissue 

or organ

Maintain a stable genotype 
and the required phenotype

Develop a renewable source 
of regenerative cells

Find a reliable cell source 
of autologous cells that will 

not be rejected

Develop techniques to 
reliably grow stem cells into 

the desired tissue

CHALLENGE CATEGORY: CELLS

Understanding the processes, systems, and structures at a cellular level is critical to being able to 
provide solutions to organ scarcity, disease, or injury. The following map outlines some of the key 
challenges and their associated milestones in these areas. 
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CHALLENGE CATEGORY: TISSUES

Beyond understanding the cellular processes and structures within organs, it is necessary to understand 
how the cells interact to create functioning tissues of all types. This category of challenges addresses 
the variety of concerns involving generation of functional products, nutrient and byproduct path-

ways, integration with in vivo systems, and structural organization, among others.

CHALLENGE DESCRIPTIONS

1. Innervation – connecting new tissues and organs to the nervous system will be important especially for 
organs such as skin, muscle, and some internal systems.

2. Vascularization – the ability to adequately vascularize thick tissues is a key hurdle to generating organ 
functionality at scale. Delivery of nutrients to cells and removal of byproducts is required and has to-date 
been limited to very thin tissue segments.

3. Growth Mechanisms And Structures – understanding the triggers that induce and structure tissue 
growth is critical to forming functional tissues and controlling teratoma formation, necrosis, and other 
issues.

4. In Vivo Integration – connecting tissues to a host’s existing systems is required for creating fully func-
tioning solutions to damaged organs. In Vivo integration milestones can include connecting new tissues 
or cells to existing functional or partially functional organs or integrating functional tissue to the body’s 
systems outside of existing organs.

5. Ex Vivo Tissue Development – the ability to generate tissues through ex-vivo techniques such as bio-
printing, de-cell – re-cell techniques, or other processes will be important for the development of future 

TISSUES

Innervation Vascularization In VivoGrowth 
Mechanisms Ex Vivo

small diameter 
vascular grafts

 Cell differentiation 
triggers IPSC Bioprinting

thick tissue vascular 
transport systems

Understand teratoma 
mitigation factors

Genome
Engineering

Biomaterials/
Scaffolding
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CHALLENGE CATEGORY: ORGANS

This Challenge Category focuses on the areas specific to individual organs. Functional, structural, or 
system challenges that may be unique to one organ but not required across others are included here. 
Challenges/Milestones are noted by organ below.

ORGANS

Muscle Heart Lung Kidney    Liver Pancreas Skin Bone

Create 
functioning 
Myocytes

Create 
functional 

heart valves

Create and 
integrate new 
myocardial 

tissue 

Improve 
ejection 
Fraction

Generate 
functioning 

Alveoli

integrate new 
tissues with 
existing air 

transportation 
pathways

Improve 
glomerular 

filtration rate

Generate 
functional 

nephrons or 
glomeruli

integrate new 
tissues with 
functional 
systems

Create 
functioning 
lobules that 

produce 
albumin and 

Bilirubin

integrate 
regenerated 

tissue with Bile 
ducts

generate islets TBD TBD
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CHALLENGE DESCRIPTIONS

1. Liver – challenges unique to the liver may include integration with specific functional pathways such as 
the production of albumin and bilirubin, the generation of specific functional lobules, or the integration 
with bile ducts or other bodily systems.

2. Lung – the lung has structural components that will pose critical challenges that must be overcome in-
cluding the generation of alveoli and integration with air transport pathways.

3. Kidney – the challenges directly associated with the kidney may include achieving functional parameters 
such as a regular glomerular filtration rate, achieving structural parameters such as the generation of kid-
ney nephrons or individual glomeruli, or achieving integration with other bodily systems. 

4. Pancreas – challenges associated specifically with the pancreas may include generation of structural sys-
tems such as islets, or one of many functional parameters.

5. Heart – challenges associated directly to the heart include generation of structural components such as 
heart valves and functional myocardium, integration of new tissues into existing myocardial tissue, and 
functional parameters such as increase in ejection fraction.

6. Muscle – challenges and milestones specific to muscles have not yet been discussed in relation to these 
roadmaps.

7. Bone - challenges and milestones specific to bone have not yet been discussed in relation to these road-
maps.

8. Skin - challenges and milestones specific to skin tissues have not yet been discussed in relation to these 
roadmaps.
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CHALLENGE CATEGORY: INTEGRATION

Challenges noted within this category include items that are related to the overall integration of new 
tissues into a host’s body. 

 

CHALLENGE DESCRIPTIONS

1. Immuno-suppression – tissues or organs of all types will have to deal with the need for immuno-sup-
pression when integrated into a host. This can be dealt with in several ways such as improved immuno-
suppressive drugs, or use of autologous cells throughout the new tissue/organ.

2. Understanding Disease – This challenge relates to the impact that various diseases can have on new tis-
sue when implanted into a host. The challenge area has not yet been explored in detail.  

CHALLENGE CATEGORY: TECHNOLOGY

Another challenge category is the technology required to create the solutions. We include a broad 
array of potential technological challenges that may need to be overcome for different types of solu-
tions. Specific milestones for these technologies have not yet been identified for the purpose of this 

roadmap. The list of technology areas below is a preliminary list and needs further clarification.

INTEGRATION

Immuno-
suppression

Understanding 
Diseases

TECHNOLOGY

Non-
invasive 
tissue 

and organ 
monitoring

Streamlining 
Data

Bioreactor 
Technology

State- 
of-the-art 

Instruments

GMP 
Standards

Cell 
Handling 
Systems

Clean Room 
Technologies

State- 
of-the-art 

Repositories
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After the meeting, in coordination with the organizing committee, supporting organizations, and work-
shop attendees, New Organ and the Organ Preservation Alliance will continue to synthesize the infor-
mation gathered through this roadmapping process, the workshop, the White House roundtable, and 

follow-up interviews, which will be the basis for creating a comprehensive set of roadmaps that will help identify 
specific targets for new RFAs, prizes, SBIRs, and other support mechanisms to help achieve the milestones. The 
list below notes several specific potential action items that we hope will result from this effort.

NEAR TERM 

• Enable Continued Engagement: Ensure that there’s a system of top-level coordination for ongoing engage-
ment between organizations and agencies interested in pursuing solutions to the grand challenge of ending the 
U.S. organ shortage, building upon the workshop, roadmap report, and the Alliance for Regenerative Medi-
cine’s “Challenging Regeneration to Transform Medicine” framework. Use overlapping interests identified in 
the roadmap report to help coordinate collaboration between organizations and agencies interested in specific 
challenges or milestones.

• Enhance Roadmap Development: Convert the roadmapping workshop process results into a beta version 
of the roadmap and secure support to conduct required follow on meta-level research to fully understand the 
step-by-step advances that can lead to solutions to achieving universal tissues and organs and ending the organ 
shortage.

• Generate New RFAs, SBIRs, Non-Funded PAs and Other Research Support Opportunities: Expand upon 
existing RFAs and create new ones to support solutions to specific milestones and challenges identified in the 
roadmaps.

• Create New Challenges and Prizes: Develop new prizes and incentivized innovation mechanisms for key 
milestones noted in the roadmaps that will support grants and create a dual push-pull mechanism toward the 
milestones.

• Institutional Support of Organ Banking: NIH center(s), consortia for multi-lab-center collaborative projects, 
and a research network are all non-existent but needed for the organ preservation field.

OTHER IDEAS THAT HAVE BEEN PROPOSED / LONGER TERM FOCUS

• National Grand Challenge - On-Demand, Off-the-Shelf Universal Tissues and Organs: New Organ, 
Organ Preservation Alliance, and many of the stakeholders interviewed for this collection of suggestions 
see a large need for and significant value of a U.S. Grand Challenge to “End the Organ Shortage.” This is 
congruent with the Alliance for Regenerative Medicine’s “Challenging Regeneration to Transform Medi-
cine” white paper as an inclusive framework for enabling a public-private partnership with the shared 
mandate of eliminating the U.S. organ shortage, catalyzing new industries, and reducing U.S. govern-
ment medical expenditures (e.g. the American Society of Nephrology estimates that the combined kid-
ney-care cost for end-stage renal disease and chronic kidney disease is $79 billion annually).
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• US National Strategy: Supporting and advancing the development of a multi-faceted US national 
strategy for regenerative medicine, including organ bioengineering, regeneration, and banking to achieve 
on-demand, universal tissues and organs for ending the organ shortage, obviating chronic disease, injury, 
reducing the government’s medical expenditures, etc. Japan show’s a powerful example of this. 

• Identify Cross-Cutting Standards: Advance an in-depth look at establishing greater standards in this 
space, such as an international registry of artificial organ transplants, building consensus on key areas (e.g. 
decellularization algorithms and standardizing assays), and the prospect of an Open Standards bio-equiva-
lent of IEEE.

• In-depth look at the scientific, societal and economic value/opportunity of catalyzing industries for 
organ banking, bioengineering, and regeneration, including the healthcare-cost savings to the U.S. gov-
ernment.

• Regulatory Landscape and Transparency: Greater regulatory clarity is needed to entice greater academic 
and private investment and development. The FDA process for the BRAIN Initiative with a paper, work-
shop, and post workshop provides a good framework.
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