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Abstract

The mission of the Medical and Health Informatics Laboratories at NTT Research is to make advance-
ments in the medical and health sciences that will improve an individual’s overall wellness and health
outcomes. Our bio digital twin initiative aims to create digital replicas of patients that physicians can
then use to simulate various treatments to enable optimal and patient-specific therapeutics. This article
provides recent updates on our projects and team members.
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1. Introduction

The mission of the Medical and Health Informatics
Laboratories at NTT Research is to make advance-
ments in the medical and health sciences that will
improve an individual’s overall wellness and health
outcomes. Our bio digital twin initiative aims to cre-
ate digital replicas of patients that physicians can then
use to simulate various treatments to enable optimal
and patient-specific therapeutics. In the initial phase
of this project, we at the MEI Lab are developing a
cardiovascular bio digital twin (CV BioDT). We are
targeting the cardiovascular system in part because of
that system’s prominent role in global mortality rates
and the relatively high availability of data required
for modeling.

Over the past year, the MEI Lab has made signifi-
cant progress on several fronts. In December 2020,
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we signed a research agreement with Japan’s Nation-
al Cerebral and Cardiovascular Center (NCVC) to
jointly develop cardiovascular disease-related com-
putational models, implement them on a bio digital
twin platform, and develop applications for use by
physicians and patients. In the first half of 2021, we
made two key hires, Dr. Jon Peterson, newly pro-
moted to a distinguished scientist, and Iris Shelly as a
scientist.

2. NCYVC joint research

The two-and-a-half-year project with the NCVC is
titled “The Development of Human Hemodynamics
Mapping and Autonomous Multimodal Therapeutics
Systems.” It involves research at both organizations.
The principal investigator (PI) for the joint research
agreement on the NCVC side is Dr. Keita Saku, labo-
ratory chief of NCVC’s Department of Cardiovascu-
lar Dynamics. I have the PI role on the NTT Research
side.

The agreement calls for the NCVC to develop inte-
grated computational models to support multimodal
closed-loop interventions for acute myocardial
infarction (AMI) and acute heart failure (Acute HF).
In parallel, the MEI Lab will be implementing these
models into a bio digital twin platform and develop-
ing physician- and patient-oriented applications to
support physician clinical decision making and
patient self-care.

The NCVC is a semi-independent national institu-
tion. Its government affiliation is through the Japan
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Ministry of Health, Labor and Welfare, the counter-
part to the U.S. Department of Health and Human
Services. The NCVC focuses on intramural cardio-
vascular clinical practice and dedicated cardiovascu-
lar research. As such, it resembles the National Heart,
Lung and Blood Institute (NHLBI) of the U.S.
National Institutes of Health. Unlike the NHLBI,
however, the NCVC is not a cardiovascular research
funding agency.

Near-term goals for the joint project include the
development and validation of models representing
heart and vascular dynamics, particularly as they
relate to AMI and Acute HF. Heart and vascular mod-
els that include neural control of circulation, as well
as heart energetics, will be fundamental to computa-
tional platforms for determining optimal therapies for
heart conditions. New models that Dr. Saku is devel-
oping in support of the CV BioDT will help deter-
mine optimal interventions for AMI and Acute HF
across multiple therapeutic modalities such as medi-
cations, medical devices, and neuromodulation. The
longer-term goal is to achieve patient-specific CV
BioDTs to enable patient-specific therapeutics.

The MEI Lab entered this partnership with Dr. Saku
and the NCVC because of their internationally recog-
nized expertise in cardiovascular regulation and
advanced technologies relating to closed-loop auto-
mated therapeutic interventions for conditions such
as heart failure and mechanical circulatory support.
This exciting project has also benefited from the
instrumental support of Dr. Kenji Sunagawa, profes-
sor emeritus in the Department of Cardiovascular
Medicine at Kyushu University and founder of the
Department of Cardiovascular Dynamics at the
NCVC Research Institute. Dr. Sunagawa trained both
Dr. Saku and myself (in my case, at Johns Hopkins
University, Kyushu University and NCVC) and
helped orchestrate this agreement. Going forward, he
will play a leadership role in this project for the MEI
Lab.

By February 2021, the MEI Lab had already con-
ducted two proof-of-concept studies to establish
requirements and frame the initial bio digital twin
platform architecture. The CV BioDT models devel-
oped through this joint research agreement will need
to be validated in further studies before subsequent
validation in preclinical human studies. These tests
will be conducted at NCVC hospitals. During later
stages of the CV BioDT validation and rollout, addi-
tional organ systems will be added towards the goal
of an overall bio digital twin. In a noteworthy devel-
opment, interfaces with the renal, respiratory, pulmo-
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nary and some neural systems are advancing sooner
than expected.

3. New staff scientists

In February 2021, it was announced that Dr. Jon
Nels Peterson had joined the MEI Lab, then as a
senior scientist. Dr. Peterson is a biomedical engineer
with both academic and medical device industry
experience. He had most recently been principal
clinical systems engineer at Micro Systems Engineer-
ing, Inc., where he was the lead systems engineer for
a family of implantable cardiac monitors. He also
previously held research and engineering positions at
Boston Scientific CRM and Creare, Inc. and was a
research assistant professor at the University of Ver-
mont College of Medicine. Dr. Peterson’s back-
ground as a research scientist and clinical systems
engineer, with experience in hardware, firmware, and
software subsystems, his talent for mathematical
modeling and simulation, and his understanding of
physiological control systems, as well as pathophysi-
ological states such as heart failure, all bear directly
on the MEI Lab’s agenda.

In June 2021, it was announced that Iris Shelly had
joined the MEI Lab as a scientist. An applied research
engineer with expertise in biomedical signal process-
ing and low-power devices, Shelly was most recently
a senior applied research engineer at Micro Systems
Engineering, Inc., where she designed, developed,
and validated cardiac arrhythmia detection algo-
rithms. She is initially working on model architecture
and the interface for the CV BioDT. Her algorithm
design experience and attention to detail, honed
through years of experience in medical device
research and software verification, are vital skills in
support of model development for the CV BioDT.
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4. Leadership shift

Taken together, the partnerships with the NCVC
and new hires represent significant progress for the
MEI Lab’s bio digital twin initiative, which I have led
since joining NTT Research in 2020. Before closing,
I should mention another notable development: my
appointment as director of the MEI Lab in July 2021,
where I succeeded Dr. Hitonobu Tomoike, who has
assumed the position of research professor at the

Joe Alexander
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Laboratories, NTT Research, Inc.

After graduating with a degree in chemical
engineering from Auburn University, he studied
medicine as a fellow of the Medical Scientist
Training Program (MSTP) at Johns Hopkins
Medical School, where he received both an MD
and PhD. His PhD is in biomedical engineering,
where he specialized in cardiovascular dynamics,
training with Dr. Kenji Sunagawa in the labora-
tory of the late Dr. Kiichi Sagawa. Immediately
afterwards, he completed a fellowship in research
cardiology at Albert Einstein College of Medi-
cine before additional training as a Japan Society
for Promotion of Science (JSPS) Fellow at
Kyushu University. He then took academic fac-
ulty positions in biomedical engineering and in
medicine at Vanderbilt University while simulta-
neously completing a residency in internal medi-
cine at Vanderbilt Hospital. During that time, he
helped train astronauts such as Dr. Chiaki Mukai
for the Neurolab Spacelab Mission. He likewise
collaborated with The National Cerebral and
Cardiovascular Center as a visiting researcher
supported by the Science and Technology Agen-
cy of Japan. Following academia, he entered
Pharma — first Merck then Pfizer. During his 18
years at Pfizer, he worked in various capacities
including roles in R&D, Business Development,
and Medical Affairs. In Pharma as in academia,
his passion for modeling and simulation was
evident throughout his work and extended across
therapeutic areas. He is credited with creating
several Pharma modeling platforms including
The Lyrica Virtual Lab, The Neuropathic and
Neuropathic-like Pain Virtual Lab, and The Pul-
monary Vascular Disease Virtual Lab. He is a
fellow of the American College of Cardiology
(FACC) and is very interested in heart failure,
pulmonary hypertension, and medical devices.
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NTT Basic Research Lab.

In this new position, I will continue to lead the CV
BioDT group but now with Dr. Peterson as co-lead. I
have also been engaged in harmonizing other MEI
Lab projects, namely those involving implantable
electrodes and remote sensing, within an overarching
strategy that aligns with NTT Research and the
broader NTT Group. It is an honor to follow in Dr.
Tomoike’s footsteps and continue to advance the MEI
Lab’s ambitious “moonshot” goals.
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