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Message

in support of underprivileged
women medical students. Said
Mr Philip Jeyaretnam, who is one
of her estate’s executors, “I am
delighted that Dr Paul’s life and
career will now be honoured by
this significant bequest to NUS
Medicine, as she had wanted.”

Dear Reader,

A

year ago, life as we knew
it was turned upsidedown with the arrival of
the coronavirus and the
disease that it caused. More than 1.8
million people have been killed by
COVID-19, and 80 million around
the world were sickened, many
requiring hospitalisation.
Fortunately, as 2020 drew to a close,
hope dawned on the horizon with
news of vaccines being approved
and vaccinations commencing in
various countries. In Singapore, the
government has started encouraging
vaccination for first responders and
healthcare workers, as well as people
who are exposed and vulnerable to
COVID-19 even as the country moves
to relax rules governing gatherings.
Vigilance against the virus remains
high however, though we can begin
to look forward to a more normal
way of life.
Here at NUS Medicine, we rode the
roller coaster of events through
the long months along with the
rest of the country. To the credit of
the School, the initial shock and
bewilderment gave way quickly to
acceptance and then a resolution
to adapt our teaching and research
work to the new realities.
I salute our staff for the way they
rose to the challenge. In the face of
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the unknown, colleagues adjusted
routines to fit the new normal and
strove to make the best out of every
situation. Our scientific people
contributed their expertise to the
search for COVID-19 therapeutics
and vaccines and organised weekly
webinars to share information
about the enemy. Our executives
and administrators developed
illustrated strips on COVID-19 for
public education, while others
stepped bravely and selflessly into
the unknown, volunteering to
serve on the frontlines during the
peak of the pandemic.
But the NUS Medicine family is
more than just the people who
teach, learn and work here. It
also comprises our donors, who
through their generosity enable
so much of what we do, as well as
the nearly 20,000 alumni. Many of
them have steadfastly supported
their alma mater and contributed
over the years to the School’s
growth and development. Some
go further. The late Dr Freda Paul
Malliamalar (Class of 1954) was
an outstanding paediatrician and
teacher. When she passed away in
2016, she bequeathed part of her
estate to the NUS medical school

In a year in which so much
has been lost, we only need to
look carefully to see what has
endured, and appreciate their
priceless worth. Consider the
Class of 2020. They graduated
quietly, without pomp and
fanfare, and were required to
start work early to help lessen
the pressure on our healthcare
system—something they did so
with distinction.
The year 2020 will, for a long
time, be seared onto our
memories as the year of maskwearing, frequent handwashing,
and social distancing. For the
School, it will be remembered
as the year of rapid adjustments,
perseverance and triumph as
we improvised, adapted and
continued with our mission of
educating and training future
generations of healthcare
professionals. In a year of deeply
unsettling challenges posed by
COVID-19, I am proud of the
resounding answers that our
staff and students provided to
the existential questions posed
by the virus.

Yours sincerely,

Yap Seng

NUS Yong Loo Lin
School of Medicine
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Celebrating MEGIC
at NUS Medicine
Educators’ Day 2020

Teachers are among the unsung heroes of the COVID-19 pandemic.
They deftly adapted to the Circuit Breaker that brought traditional
teaching to a screeching halt, finding alternative means to connect
with and care for their students. Our educators have persevered
and are continually adjusting their teaching to accommodate the
necessary safety measures, innovating in order to impart their
knowledge despite the continued restrictions on clinical training.
Therefore, in special recognition of our educators, NUS Medicine
collaborated with NUHS to organise a month-long series of events
“Celebrating Education as OneNUHS” from 18 September 2020.
2
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special programme
was dedicated to
celebrating education
and educators, who
held webinars, Grand Round
Talks and other activities. This
included an introduction to
medical humanities by Assistant
Professor Michael Stanley-Baker
and a discussion of the concept of
“self-identity” by Dr Alison Tan.
Professor Esuvaranathan Kesavan
shared his insights on coaching
in medicine, while Associate
Professor Tan Chay Hoon,
Associate Professor Celestial Yap
and Dr Inthrani Raja Indran spoke
about the impact of disruptive
behaviour in healthcare.
In addition, there was a
complementary series of online
thematic sharing sessions
on education innovation, to
share inspiration and ideas
to enhance medical teaching.
Associate Professor Alfred Kow
presented how gamification
and virtual reality could be
integrated to enhance the interprofessional training of patient
safety. Associate Professor
Nicola Ngiam showcased the
use of standardised patients to
effectively provide students with
an alternative to real patient
contact, which is especially
relevant given COVID-19
restrictions. Finally, Professor
Edmund Lee, Dr Soh Jian Yi,
Dr Judy Sng Chia Ghee and Dr
Chen Zhi Xiong contributed to a
panel discussion about the use of
virtual patients in training clinical
reasoning skills.

NUS Medicine Educators’
Day: celebrating innovation
and resilience

The activities culminated in
NUS Medicine Educators’ Day
on 23 October 2020. The focus
remained on innovation, with the
highlight of the event being the
finals of the inaugural Medical
Education Grand Innovation

14
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Challenge (MEGIC). Similar to
the Medical Grand Challenge
for students, this competition is
in line with the School’s efforts
to enhance the effectiveness of
student learning through advances
in pedagogy and technology.

value proposition of medical
education itself needs to be
reconsidered, as one comes to
consider the journey of learning
and discovery instead of only
concentrating on the final
‘product’.

14 teams worked to propose
solutions that address unmet
needs and opportunities to
enhance medical education.
These teams included members
from different professions,
disciplines and institutions,
which was an encouraging sign of
multidisciplinary collaboration.

Medical education innovation
requires an understanding of
key fundamental principles—
human learning, assessment
and medical education research
itself, which is distinct from
clinical research. To develop
appropriate solutions, it is
important to understand how
society itself has changed and
how preferences of students
today have evolved. As such,
innovation in this field includes
a need to curate problems (not
just solutions) and facilitate
online collaborations and peerto-peer engagement in support
of learning. Despite the bleak
situation in which the world
now finds itself, Prof Schuwirth
expressed the hope that it might
spark a variety of new ideas.

Eight teams were eventually
selected for the finals on Educators’
Day, which was conducted entirely
online. They presented their work
to an esteemed panel of judges who
included Vice-Provost Associate
Professor Erle Lim; Professor
Lakshminarayanan Samavedham,
Director of the Institute for Applied
Learning Sciences and Educational
Technology (ALSET); and Associate
Professor Lau Tang Ching, NUS
Medicine Vice-Dean of Education.
The judging was moderated by Dr
Dujeepa Samarasekera, Director of
the Centre for Medical Education
(CenMED).
Invited guest Professor Lambert
Schuwirth delivered a keynote
address on “Developing resilience
and innovation in medical
education research”. Prof
Schuwirth is the Strategic Professor
in Medical Education at the College
of Medicine and Public Health,
Flinders University, Australia. He
is also the Director of the Flinders
University Prideaux Centre for
Health Professions Education.
Prof Schuwirth discussed how
the role of a teacher has evolved
from one of an “enabler” to
“partner” and “nurture” students.
Teachers help students to “make
meaning” and overcome as well
as learn from adverse events. The

The Educators’ Day event
concluded with a special
segment in appreciation of
staff who received the NUS
Medicine Fortitude Award. This
award was given to educators
and administrators who went
beyond the call of duty to enable
NUS Medicine to complete the
academic year and graduate
the AY2019 cohort of doctors.
Thanks to the tremendous
effort of these award recipients
during the initial months of
the COVID-19 pandemic, the
School was able to successfully
adapt and continue teaching,
assessment and other activities.

Scan for an
in-depth
look at the
innovations
under MEGIC:
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The following teams won prizes at the finals of the inaugural Medical Education Grand Innovation
Challenge (MEGIC).
Sanctum

Grand Prize

D

C

Grand Prize

B

B

Team members: Matthew Chew, Chua Yun Da, Gabriel Tan,
Daniel Chew, Ryan Tan, David Chew, Ryan Tian, Nicole Tan,
Nicholas Jin, Victoria Leong and Kim Haejin.

Surgical Anatomy
S
2nd Prize

S

A

Second Prize
A
U
S
V
US D

Team members: Assoc Prof Dinesh Kumar Srinivasan,
Dr Chong Choon Seng, Dr Ian JW Tan, Prof Hooi Shing Chuan,
Caroline Zamora Bersalona and Nicholas Wong.

3rd Prize

C

Medicine Learning & Teaching RoadmApp (MLTR)
Third Prize a n d Best Video award
C
20
1 000
US
I

Best Video
award

Team members: Liu Ching Man, Dr Norshima Binte Nashi, Shelvi,
Dr Lionel Lum, Leong Yong Shin and Chong Voon Foo.

MRI Safety in Healthcare
award
I
Special
Mention
award

Special Mention

F

VASE
A

SE VASE

Special Mention award
V

Special
Mention
award

V

Team members: Cheng Qianhui, Dr Yu Wai Yung,
Dr Joanna Ti, Oh Hui Ping and Assoc Prof Sitoh Yih Yian.

Team members: Dr Charity Low, Dr Paul Ang,
Dr Kumi Mehara, Dr Eugene Chua, Dr Roy Teow and
Dr Lim Choon Guan.
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A Glimpse into Medical Education

F

rom 9 to 11 December
2020, NUS Medicine
hosted “NUS MED
Camp”, an online
exposure camp for graduating
pre-university students, as
part of a learning initiative
organised by NUS Medicine and
Harvard Medical School. The
camp provided the students
with valuable insight into what
a future career in medicine or
healthcare holds and enhanced
their understanding of
fundamental topics and relevant
skills. Through sharing sessions,
students learned to build a
cache of conceptual knowledge
before making decisions on their
university applications.
This three-day experience was
an immersive and enriching
introductory programme for
pre-university students who were
interested in pursuing a career in
healthcare, medicine or science.
Student participants were selected
upon the recommendation of
their schools, on the basis of
their academic achievements
and assessed potential for the
healthcare industry.

About NUS
MED Camp
2020

54
19

By providing a taste of the inner
workings of the healthcare
sector, especially in the context
of the current pandemic, NUS
Medicine hoped to inspire
these bright young minds to
pursue a future in the sector.
From pharmacology to anatomy
and patient care, each avenue
of science and medicine was
explored through a series of
talks conducted by a panel of
professionals. As part of the
experience, participants got a
chance to speak with passionate
and knowledgeable faculty
members, besides learning from
a series of interactive modules
and taking part in virtual tours
of research facilities. Students
also benefitted from in-depth
discussions during sharing
sessions and case study reviews.
The camp touched on salient
topics, giving students an inside
look into a variety of healthcare
environments, the role of
integrated care hospitals in the
healthcare ecosystem, and the
benefits of patient-centric care
as part of Singapore’s holistic
approach towards healthcare
delivery.

“There’s so much about
medicine that more
than meets the eye.
It’s not just about the
technical knowledge
or the ethics, but also
involves a great deal
of human interaction
and handling
emotions. Learning
about pharmacology
is also a good way for
me to understand
what I have learnt in
chemistry, biology and
math, apply in a real
context.”
Ms Chew Wen Jing,
St. Andrew’s Junior College
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Aspiring to Inspire
before Expiring
Two President’s Nursing Award
Winners Champion Community
Nursing, Lifelong Learning

Advanced Practice Nurses Ms Tay Yee Kian and Dr Alice Chua Foong Sin
received the 2020 President’s Award for Nurses, in recognition of their
significant contributions made to the profession and community. The
alumnae of Alice Lee Centre for Nursing Studies at NUS Medicine talk
about their calling and what drives them.

I

f you ask Ms Tay Yee Kian how
she came to be a community
nurse, she would tell you it was
serendipity that brought her to
the field. After all, she had already
spent over 25 years in gerontological
and acute care at the National
University Hospital by 2014, the year
her career took a decidedly gentle shift
towards community nursing.
“Looking back, I’m quite glad that
my role evolved and aligned with the
Ministry of Health’s direction to move
care to the community and focus
beyond the delivery and provision
of healthcare to the essentials and
fundamentals of good health,” said
the Assistant Director of Nursing at
the National University Health System
(NUHS) Regional Health System Office.

6

On 21 July 2020, Ms Tay became the
first practising community nurse
from the NUHS to be honoured with
the President’s Award for Nurses, the
highest accolade for the profession in
Singapore, given in recognition of the
significant contributions outstanding
nurses have made to the profession
and the community.

PHOTO:
A
P

D A
Ch u a
F
S

U SI

Ms Tay, together with Dr Alice
Chua Foong Sin, both Advanced
Practice Nurses (APNs) were
among five nurses who received
the award this year.
Dr Chua said, “The reward in
nursing is unique as it offers
the opportunity to make a
difference in the lives of others.
I started my career in paediatric
oncology and transitioned to
adult oncology. My satisfaction
comes from being able to help
our patients. Their appreciation
has kept me going for many
years.
“As a nurse, I’m always
challenged by different
situations and individuals
because our patients come
from all walks of life. They have
shaped me both professionally
and personally.”

Spearheading community
nursing in western
Singapore

Ms Tay recalled that during her
years as a gerontological nurse,
she saw how elderly patients
tended to be unwell soon after
discharge from the hospital due
to inadequate care at home.

“Many of these patients needed
readmission soon enough. That
made me think of the need for
us to move into the community
to help care for these patients
during the critical transition
period,” she said.
Ms Tay got her chance to do
exactly that in 2014 when she
joined the Regional Health System
Office of the NUHS, to help set up
a community nursing unit for the
western region of Singapore.
She leads a team of over 50
nurses and care coordinators
who look after patients referred
to the unit by the acute hospitals
within the NUHS cluster, as
well as those from a predictive
list of patients with a history of
readmissions.
“Our services run the gamut
from good health promotion
practices and disease prevention
campaigns to pre-frail and endof-life care. Community nursing
is evolving and APNs contribute
in the timely management of
patients with the ability to order
tests, establish differential
diagnoses and prescribe or titrate
certain medications,” she said.

“The Master of Nursing programme
at NUS Nursing prepared me well,
especially in physical assessment and
pharmacology. With Singapore’s ageing
population, APNs have the ability
to practice not only in clinical care,
but also in educating caregivers to
reduce the chances of their loved ones
returning to the hospital.”
Ms Tay Yee Kian

U SC

As a nurse consultant, Ms Tay
is also often asked to contribute
to the care planning for patients
with highly complex medical
conditions. She also makes sure
care standards are established and
maintained.
“The Master of Nursing
programme at NUS Nursing
prepared me well, especially
in physical assessment and
pharmacology. With Singapore’s
ageing population, APNs have
the ability to practice not only in
clinical care, but also in educating
caregivers to reduce the chances
of their loved ones returning to
the hospital,” said Ms Tay.
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One community project that
she is especially proud of is the
award-winning NUHS CareHub
programme, a nurse-led model
of care which has reduced
patients’ hospital stay by two
days.
The post-discharge transitional
care programme ensures
that enrolled patients, often
at high risk of readmission,
can continue to receive the
necessary coordinated,
multidisciplinary care at home.
Among the services it provides
are a personalised care
plan for the patient after a
discussion with the patient’s
family and caregivers, followup telephone calls to check
on the patient’s condition,
and clinician consultations
and rehabilitation services as
needed.
On her receiving the
President’s Award, Ms Tay said
it is proof that community
nursing is growing in
significance in Singapore.

“I am deeply blessed and
honoured to receive this award.
It is not just for myself, but
also for the community team.
There is an increasing need
for community nurses. Many
patients need us to be there with
them in their homes to help
them manage their care.”

Upping standards of cancer
care
Dr Chua, an APN specialising
in head and neck cancer, is a
pioneer nurse and Assistant
Director of Nursing at the
National Cancer Centre
Singapore (NCCS).

She joined the Centre when it was
established in 1999. Since then,
the accomplished lifelong learner
has been unrelenting in her
pursuit of knowledge and skills
in oncology nursing through
postgraduate studies and overseas
fellowships. She received her
Doctor of Nursing Practice degree
from Duke University School
of Nursing in 2019, following
a Master of Nursing from NUS
Nursing in 2008.

“We have developed a
multidisciplinary pre-operative
clinic where we come together
with different allied health
professionals to assess the patient
before the surgery, so that we can
better understand the needs of
the patient, what to anticipate and
counsel the patient on, as well as
facilitate a smooth post-surgery
recovery process.”
Dr Alice Chua Foong Sin

“I think it’s important to stay
on top of current trends and
practice through continued
research and education,
especially in a constantly
changing healthcare
landscape,” she told The Straits
Times in a recent interview.
As the APN and nursing lead at
the SingHealth Duke-NUS Head
and Neck Centre’s Allied Health
Professional Clinic, Dr Chua
manages patients with head
and neck cancers throughout
the trajectory of their disease.
She found her niche in this
sub-speciality as patients
with such cancers experience
significant side effects such as
the inability to talk or swallow,
pain and disfigurement. “Due
to the nature of head and
neck cancers, I noticed many
clinical gaps that I could fill to
facilitate a smoother treatment
journey for the patients,”
she said.
Dr Chua runs concurrent head
and neck consultations with
surgical oncologists, in which
she independently manages
patients, reviews new cases
and discusses management
plans with the doctors.
“We have developed a
multidisciplinary pre-operative
clinic where we come together
with different allied health
professionals to assess the
patient before the surgery, so
that we can better understand
the needs of the patient, what
to anticipate and counsel the
patient on, as well as facilitate
a smooth post-surgery recovery
process,” she said.
Dr Chua is also planning to
run a survivorship clinic for
patients with non-complicated
head and neck cancers.

NUR SING

She reckons that 60% of her
time is spent in clinical work
while the rest is divided between
administrative functions
as well as research projects
and providing education and
guidance to nurses and allied
health professionals.
To date, she has conducted
six research studies as the
principal investigator on topics
centred on the care and quality
of life, assessment, treatment
and management of patients
with cancer.

Driving nursing to greater
heights

Dr Chua is also involved
in numerous education
committees at the hospital,
cluster and national levels
focusing on the professional
development of nurses. The
groups include the Committee
for APN Competence
(CAC), where she serves
as chairperson and APN

“Receiving this award is an honour for me and the
team. It brings to my mind what one mentor used to
say to me: ‘We have to always aspire to inspire before
we expire.’ This award has really affirmed this for me.”
Dr Alice Chua Foong Sin

Centre lead mentor, and the
SingHealth APN development
committee as a member.
In 2018, she was appointed
Deputy Director of the Nursing
Allied Health Education Unit
(Division of Cancer Education),
where she facilitated the
development of an Oncology
Care Programme for nursing
and allied health professionals.
“As an APN, I feel I am in a
privileged position to guide,
mentor and drive the nursing
profession to greater heights
by practising above our
licence,” said Dr Chua.

As the first NCCS APN lead, she
has mentored six NCCS APN
interns into full-fledged APNs.
She currently oversees 10 APNs
and the Nurse Clinical Services.
Her aspiration after receiving
the President’s Award remains
centred on nursing education.
“I hope for the nursing profession
to grow as a community,” she
said. “Receiving this award is
an honour for me and the team.
It brings to my mind what one
mentor used to say to me: ‘We
have to always aspire to inspire
before we expire.’ This award has
really affirmed this for me.”

D r Ch u a
m a n a g e s

c o n c u rre n t
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COVID-19 Vaccines
and Drugs:

Medicine’s
Armory
BY DR KHOR ING WEI

10

The first COVID-19 vaccine, as
well as several antiviral drugs,
have been granted emergency
use approval in the West. While
this is nothing short of amazing,
challenges of manufacturing,
distribution and acceptance
need to be overcome before
the world can begin to return to
some semblance of normality.

COVID-19 SPECIAL

S

ince August 2020,
pharmaceutical
companies and
governments have
moved swiftly to analyse
clinical trial results and
ramp up manufacturing of
yet-unapproved COVID-19
vaccines and drugs. Widespread
vaccination of populations will
be crucial to protect people from
becoming infected with
SARS-CoV-2, while the drugs will
help to prevent infection as well
as treat people who are already
infected.

China and Russia have approved
vaccines that were developed
in their respective countries,
and started immunising their
populations months ago1. In
December 2020, the US, UK and
Canada granted emergency
approval to the mRNA vaccine
developed by Pfizer and
BioNTech, and the first doses
have been delivered to immunise
healthcare workers and highrisk individuals such as nursing
home residents. Singapore has
approved the vaccine and plans
to immunise its population by
the third quarter of 20212.
Another mRNA vaccine,
developed by Moderna,
was approved by the US for
emergency use soon after the
Pfizer-BioNTech vaccine. As of
3 January 2021, the viral vector
vaccine from AstraZeneca/
University of Oxford has been
approved for emergency use
by the UK and India, while
the viral vector vaccine from
Johnson & Johnson may be next.
This is significant because the
AstraZeneca vaccine is cheaper
than the Pfizer and Moderna
ones ($3-$4 vs $20 per dose for
the Pfizer vaccine and $25 to
$37 per dose for the Moderna
vaccine; all three vaccines
require two doses), and may be

13
V a c c in e
Ca n d i d a t e s i n

2
V a c c in e
Ca n d i d a t e s

2021

easier to transport and store3. The
Johnson & Johnson vaccine requires
only one dose. Although these are
the frontrunners in the vaccines
race, it will be difficult to produce
sufficient doses to vaccinate
all or even most of the world’s
populations. The good news is that
more than 20 additional vaccines
are in the final stage (Phase 3) of
clinical testing, with 200 more at
earlier stages of development, and
will help fill this gap1. Table 1 shows
some of the vaccine candidates that
are currently being evaluated in
clinical trials or that are scheduled
for testing in upcoming trials.
An earlier version of this article,
published in August 2020, contains
a description of the different types
of vaccines being developed.
Besides vaccines, drugs to treat
individuals who are already
infected with COVID-19 are
being developed and tested
at a rapid pace. A few drugs,
including Remdesivir from
Gilead Sciences and the
REGN-COV2 antibody
cocktail from Regeneron
Pharmaceuticals, are already
being used for certain
hospitalised COVID-19
patients. Other drugs are being
developed to treat the excessive

inflammation that becomes the
main concern in severe cases
of COVID-194,5. Some of the
antiviral and anti-inflammatory
drugs that are currently being
tested or will be tested soon
in clinical trials are shown in
Table 1.
As we move into 2021, other
concerns such as manufacturing,
distribution and the public’s
response to vaccines will take
centre stage. Governments
and companies have already
anticipated these issues and have
forged partnerships to rapidly
produce millions of doses of
vaccines and drugs, and deliver
them under proper conditions
to where they are needed. Many
of the frontrunner vaccines’
manufacturers have been
ramping up production alongside
R&D and clinical trials, with the
help of funding from governments
and non-profit organisations such
as The Coalition for Epidemic
Preparedness Innovations (CEPI).

Scan to see an
earlier version
of this article:
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Table 1.
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In clinical trials
Whole virus vaccines
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Viral vector vaccines
Vaccine Candidate

Developed By
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Vaccine Candidate

Developed By

Ad26.COV2-S

7

How It Works
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D
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DNA vaccines

Repurposed vaccines

Vaccine Candidate

Developed By

INO-4800

Inovio Pharmaceuticals
a n d CEPI

How It Works

D A

S

BC

SA S C V 2
S
SA S C V 2

D A

2

D

Repurposed Bacillus Calmette-Guerin (BCG)
B
vaccine
How It Works

D A

I

Vaccine Candidate

2

Stage of Development and Early Results

/

Stage of Development and Early Results

E

P

9

1

2

AP
I O

2
00

3
27

Will be tested in upcoming clinical trials in 2021
Vaccine Candidate

Developed By

DNA vaccine

Sanofi Pasteur F
a n d GlaxoSmithKline
(GSK) U

How It Works

Clec9A-RBD
(“Fusion” vaccine)

Developed By

NUS Medicine S
a n d Monash University
A

How It Works

D A

SA S C V 2

S
Stage of Development and Early Results

C

Vaccine Candidate

3

2021

3

2020

C

SA S C V 230

D

1

Stage of Development and Early Results

C

16

2021

C

COVID-19 SPECIAL

Antiviral and
anti-inflammatory drugs

While vaccines are typically
used to protect healthy people
from getting sick with COVID-19,
antiviral drugs can be used to
prevent disease in healthy people
or to treat people who already
have the disease. Some antiviral
drugs prevent the virus from
infecting cells, which is the first
step in establishing an infection.
Other antivirals work by binding
to virus particles already present
in a person, targeting the virus
for destruction by the immune
system. Besides antivirals,
other drugs that suppress the
inflammatory response are
being tested in more severe
COVID-19 infections, in which
inflammation is a major
problem. Most of the antivirals
that are currently being tested
or that are scheduled for testing
in 2020 are antibodies or small
molecules, a class of chemical
compounds (Table 2).
One small molecule, Remdesivir,
was originally developed to treat
Ebola virus infection. An early
report indicated that Remdesivir
sped up recovery in hospitalised
COVID-19 patients, prompting
the FDA to grant an emergency
use authorisation (EUA) to make

12
A
Ca n d i d a t e s i n

2
A
Ca n d i d a t e s

2021

it available for certain high-risk
COVID-19 patients. However,
a large trial conducted by the
World Health Organization of
Remdesivir, Hydoxycholoroquine,
Lopinavir/Ritonavir and
Interferon found that none of
these therapies reduced mortality
or the need for ventilation, nor
did they shorten hospital stays,
compared with standard care.
Nonetheless, combinations of
Remdesivir with other therapies
remain promising options for
treating COVID-19 patients.
Antibodies isolated from the
blood of patients who have
recovered from COVID-19 can be
potent antiviral agents,
useful for protecting people
against infection and treating the
disease in COVID-19 patients.
The dual-antibody cocktail
REGN-COV2, developed by
Regeneron Pharmaceuticals,
binds to two different sites on the
viral S protein, essentially giving
the drug two shots on goal.
REGN-COV2 has shown strong
results in reducing viral levels
and reducing the need for further
medical visits in COVID-19
outpatients, especially those
who had not raised antibodies
against the virus when treatment
began. Another antibody,

AOD01, was identified from
screening B-cells (the cells that
produce antibodies) as part of a
Singapore whole-of-government
effort, involving scientists at
the DSO National Laboratories
and NUS Medicine, as well as
collaborators at the Ministry
of Defence, Ministry of Health
and the Economic Development
Board. AOD01 had one of the
highest neutralising activities
against SARS-CoV-2 reported to
date in cell culture (the ability
to block the virus from infecting
cells). A clinical trial of AOD01 is
expected to start soon.
Another candidate, APN01,
is neither an antibody or a
small molecule. Instead, it
is a protein that mimics the
receptor used by SARS-CoV-2
to enter cells in the body. The
hope is that APN01 will bind
to the virus, thus preventing
the virus from binding to its
receptor and infecting cells.
Results from clinical trials are
expected next year.
Some of these drugs are
repurposed existing drugs,
which have already been tested
in clinical trials and approved
by regulatory authorities for
another disease.
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Antibodies
Vaccine Candidate

Developed By

VIR-7831 a n d
VIR-7832

Vir Biotechnology
US NIAID US
GSK U WuXi
Biologics C
Biogen US

ACE2
SA S C V 2

Vaccine Candidate

Developed By

Remdesivir

Gilead Sciences US
US

How It Works

A

How It Works

SA S

ACE2

Stage of Development and Early Results

P
3 SI PLE
COVID 19

SA S C V 2

1

Stage of Development and Early Results

2
7 31
2

SA S C V 2

COVID 19

D

P
VI
1

A

S

NIAID

3

P
A
2020
VI 7 32
VI 7 31
2021 2

1
P

I

IAID
COVID 19
O
12 000

S
SI PLE

Vaccine Candidate

2

10 9

COVID 19

C

S

SI PLE
10

Developed By

IFX-1

P

IAID

E

10

COVID 19
0

D

1

InflaRx

How It Works

A

SI PLE

COVID 19

C

D

11

7

COVID 19

1

IAID

Stage of Development and Early Results

30

3

0

IF
IF

P

1

2

FDA

1

P

2

3

10

1
2020

27
COVID 19
O

EUA

2020
9

390 COVID 19
A

O 1

O S

3

L

1

2021

Singapore’s Involvement

S

C

90 S
D
S

C
D D

I
L

SI PLE

I

D

I

D

CID

IAID

COVID 19

D

S

O

E
SI PLE

ISSUE 37 / FEB 2021

19

COVID-19 SPECIAL

Mimic of virus receptor
Vaccine Candidate
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Vaccine Candidate
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You Can’t Always Teach an Old Drug New Tricks:

Lessons from WHO’s
COVID-19 Drug Trial

BY PROFESSOR PAUL TAMBYAH, CLINICAL PROGRAMME LEAD, INFECTIOUS DISEASES TRANSLATIONAL RESEARCH PROGRAMME AND
ASSOCIATE PROFESSOR MIKAEL HARTMANN, SENIOR CONSULTANT AND HEAD, GENERAL SURGERY, NATIONAL UNIVERSITY HOSPITAL

The COVID-19 pandemic is unprecedented in terms of its
impact on the world.

W

hile other
pandemics have
been more deadly
such as the plague,
cholera and great influenza
pandemic, these all occurred before
the modern era of antimicrobials.
With the development of penicillin
and other antibiotics for bacterial
infections, a range of drugs for
tuberculosis and malaria and even
highly active antiviral agents for
the human immunodeficiency
virus (HIV) and hepatitis C (HCV),
many previously deadly infectious
diseases are no longer a death
sentence.
From the start of the pandemic,
doctors and scientists have been
looking very hard for drugs which
can be used to treat and prevent
SARS-CoV-2 infection. Public health
interventions such as quarantine

2

and contact tracing were and still
are widely used to prevent infection.
However, once infection occurs,
there was only supportive care
including ICU care, oxygen and
other standard medical treatments
but no specific targeted options
against either the virus or the host
immune response. Since developing
new virus specific drugs from
scratch takes years (probably about
10 to 15 years on average) to move
from discovery to patients, the only
option initially was to consider
existing licensed medicines that
may also be effective in treating
COVID-19 patients. This process is
known as repurposing of drugs. It is
not a new process and in fact, one
of the most effective cardiac drugs
used to treat heart attacks is aspirin
which was initially developed as a
fever and pain medicine from the
bark of the willow tree.

When any treatment is used for
a disease, especially for a brand
new disease such as COVID-19, it
is important to know whether the
treatment works or not. This is
particularly important for drugs
which may have side effects which
are potentially harmful to patients.
The reality however, is that when
the patient is in front of us, we do
not have the luxury of time to wait
for the results of studies published
in medical journals. We tend to
want our patients to get better so
we use whatever drugs are available
that may have some benefit. After
a while, we accumulate enough
data from the patients we have
treated to analyse the outcomes
in observational studies to report
whether the drugs have any benefit
at all. There have been multiple
observational studies published
since the early days of the COVID-19
pandemic and many have hit the
headlines. These headlines have
often caused controversy and
paradoxically may have confused
the public.
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When any treatment is used for a disease, especially for
a brand new disease such as COVID-19, it is important
to know whether the treatment works or not. This is
particularly important for drugs which may have side
effects which are potentially harmful to patients.
The reason for this is that these
observational studies tend
to be biased and unreliable.
Treatment outcomes and
confounding issues may not
be standardised, sometimes
patients who are only
moderately ill are more likely
to receive certain drugs while
patients who are looked after
by certain physicians may
receive no treatment at all based
on the preferences or beliefs
of the individual patients.
The solution to this then is
the randomised clinical trial
(RCT). These clinical trials have
been conducted in clinical
medicine including infectious
diseases for many years. In the
1960s and 70s, the definitive
treatment for tuberculosis
was established through the
UK Medical Research Council
(MRC) trials conducted in many
centres including Singapore.
Randomisation ensures that
patients in all treatment groups
are roughly comparable and
the only difference is in the
treatment assigned to the
group. This reduces the bias
found in observational studies
and allows us to determine if
the effect is due to the study
drug itself. RCTs also have
standardised end points (such
as length of hospitalisation,
need for oxygen or death) which
ensures that the results from the
different treatment arms can be
accurately compared.
Multiple small randomised
clinical trials have been
published of the various
treatments for SARS-CoV-2

initially from China and then
later on from all over the world.
These studies have been funded
either by the drug companies
who developed the drugs or
national health authorities
from the US, UK and China.
Due to differences in study
design (such as when the drugs
were started), drug dosing
regimens and end points, the
results were often contradictory
and the confusion from the
observational studies was only
slightly reduced.

WHO
Solidarity
Trial

22

Hydroxychloroquine
D
1
Lopinavir-Ritonavir
D
Interferon
D
O
1

Enter the World Health
Organization (WHO) Solidarity
Trial. In a remarkably short time
the WHO Solidarity Therapeutics
Trial, randomised 11,266 adults
admitted to 405 hospitals in 30
countries including from Albania
to South Africa. The trial design
was remarkably simple—once
the patients gave informed
consent to participate in the trial,
they were randomised online
to one of up to five treatments
depending on local availability
of the drugs—Remdesevir,
Hydroxychloroquine, LopinavirRitonavir, Interferon (initially
in combination with LopinavirRitonavir)—and standard of care.
There were no forms to fill up
but the doctors in charge of the
patients just had to return to
the online system to report the
outcomes—how long the patients
were hospitalised and whether
they had any serious adverse
effects or died. An ‘adaptive trial
design’ was used for the study
which allowed investigators to
drop any of the arms if it did not
work in interim analyses.

The trial started on 22 March
2020—Hydroxychloroquine was
discontinued for futility on 18
June 2020, Lopinavir-Ritonavir
on 4 July 2020 and Interferon
on 16 October 2020. An interim
analysis of the patients enrolled
up to 4 October 2020 was
published recently as a pre-print
(i.e. before peer review). These
results indicate that Remdesevir,
Hydroxychloroquine,
Lopinavir-Ritonavir and
Interferon regimens appeared
to have no effect compared
with standard of care on 28-day
mortality of COVID-19 among
hospitalised patients.
These results are quite different
from the optimistic reports from
studies conducted by Gilead and
the US National Institutes of
Health on Remdesivir—a drug
initially developed to treat Ebola.
There are several possible reasons
for this. First, the primary end
point of the Solidarity Trial is
death—this is very objective—
you are either dead or alive! For
many of the other trials, end
points have included duration of
hospitalisation or time to clinical
improvement both of which
could be affected by other factors
although the randomisation
would reduce the risk of bias
somewhat. It is thus possible
that Remdesevir may speed up
recovery in those who are going
to recover but have no impact
on overall survival. The same
has been true of RCTs of other
antivirals such as Oseltamivir
for influenza.
RCTs of treatment with
Hydroxychloroquine and
Lopinavir-Ritonavir have not
shown significant benefits.
Although a small study of
127 patients in Hong Kong
hospitals showed some benefit
of the combination of LopinavirRitonavir and Interferon, there
were no deaths in that study.
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While it is disappointing to
note the results of the WHO
Solidarity Trial, it is not all
gloom as the Recovery Trial in
the UK reported meaningful
benefit in mortality using
Dexamethasone in ICU patients
but not in those not requiring
oxygen therapy. This study
did report an unusual and
alarmingly high ICU mortality
which may hamper its
generalisability to other parts
of the world outside the UK.
The other drugs in the Recovery
Trial Hydroxychloroquine
(which has been published
in pre-print) and LopinavirRitonavir (not published
but reported) also have no
significant benefits similar to
the WHO Solidarity Trial. This is
important as reproducibility is
one of the key tenets in science.
Many people are confused about
the data from scientific research
on SARS-CoV-2 which often
appears on TV before it has gone
through rigorous scientific peer
review. That is partly due to the
commercialisation of science
and medicine in the modern
era. Richard Feynman described
the scientific method very well
(although he was talking more
about physics) when he said that
first, we make a guess or come
up with a hypothesis. Then we
design the experiment and see if
our guess or hypothesis is right.
Feynman said “If it disagrees
with experiment, it’s wrong. In
that simple statement is the key
to science. It doesn’t make any
difference how beautiful your
guess is, it doesn’t matter how
smart you are, who made the
guess, or what his name is… If it
disagrees with experiment, it’s
wrong. That’s all there is to it.”1
Thus when large RCTs which are
the best designed experiments
in clinical medicine are
published, we can change

2

the way we treat our patients.
Sometimes it is painful as we
have to give up our beliefs based
on good observational studies
especially when multiple large
well-designed trials show the same
thing. Historical examples of this
problem are many, for example
Vitamin A and E had in large cohort
studies been shown to reduce the
risk of lung cancer, however when
finally a large RCT was done not
only did it not work but instead
the vitamins increased the risk of
death in the participants. (Similar
findings were observed in studies
of high dose chemotherapy with
stem cell transplants for advanced
breast cancer where four RCTs
showed no benefit compared with
standard chemotherapy despite
observational studies appearing
to show some improvements in
survival of these women).

1
A
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Once again, while the results
of the WHO Solidarity Trial are
disappointing for clinicians who
treat patients with COVID-19, there
are still a number of trials underway
with repurposed drugs to prevent
the disease and also new drugs are
in development to try to treat those
infected. The WHO Solidarity Trial
is really unique in that it enrolled so
many patients from middle income
countries who are often not included
in large research trials. Also, its
simple study design with minimal
paperwork, online reporting and
an objective meaningful end point
(death!) are a model for future
studies of other infectious and even
non-communicable diseases in the
future. Ultimately, the people benefit
when we have objective data from
science to guide our treatment and
prophylaxis of the diseases which
affect our well-being.
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New Kid on the Block:

Department of
Family Medicine
in Primary Care
Research
BY DR GOH LAY HOON, ASSISTANT PROFESSOR, DIVISION OF FAMILY MEDICINE,
DEPARTMENT OF MEDICINE

The National University Health System’s (NUHS)
Department of Family Medicine was established
on 1 February 2018. One of its six strategic goals
is Quality Research that entails recruiting and
expanding the research unit (PCRU) in collaboration
with key partners and stakeholders to establish
NUHS Family Medicine as a key contributor to
innovative medical and health services research.
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T

he Primary Care Research
Unit (PCRU) was established
under the guidance of
Professor Doris Young, Head
of the Department of Family Medicine,
in February 2019. The overall strategic
goal of PCRU is to achieve excellence
in Family Medicine primary care
research. The objectives are to build
manpower capacity, research skills
capability, and local and international
research collaborations to develop
research programmes that address
national health priorities and create
career tracks for clinician-scientists in
Family Medicine.
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From the beginning,
PCRU gathered a group of
multidisciplinary researchers
from NUS and other primary care
entities to form the PCRU advisory
group. The group members are
experienced researchers from
NUS Saw Swee Hock School
of Public Health, Alice Lee
Centre for Nursing Studies,
NUHS’ Research Office, National
University Polyclinics, National
Healthcare Group Polyclinics and
Agency for Integrated Care. This
group brought research expertise
to discuss and advise PCRU on
novel research topics, research
methodologies and funding
sources.
Within the first year, a grid with
research themes of national and

global importance and relevance
in improving clinical practices and
patient outcomes was drawn up
to guide the research endeavours
for the Department (see Table
1). Clinical themes of diabetes
mellitus, cardiovascular disease
including chronic kidney disease,
cancer care, mental health and
healthy longevity were mapped onto
aspects addressing behavioural and
implementation sciences, innovative
new models of care, data analytics
and disadvantaged populations.
This grid also aligns to research
programmes at NUS Medicine.
PCRU uses the research grid to focus
its energy and resources in building
research programmes. The medical
education research focuses on
medical humanism and educational
pedagogy.

The PCRU was established
to build manpower capacity,
research skills capability,
and local and international
research collaborations
to develop research
programmes that address
national health priorities
and create career tracks
for clinician-scientists in
Family Medicine.

Table 1.
Diabetes/CVD

Behavioural and
Implementation
Sciences

Innovative
Primary Care
Models

Digital Medicine
and Data
Analytics

Disadvantaged
Populations

2

Cancer Care

Mental Health

Healthy Longevity

A L L I N T H E FA M

At the Department’s annual
strategic meeting held in
January 2020, PCRU gathered
existing and potential research
collaborators to discuss and
give further input to enhance
the grid. From the meeting,
PCRU derived three research
strategies to be accomplished in
2020: aligning PCRU activities
to its goals (capacity, capability
and collaboration); identifying
key projects, project leads
and collaborators and sharing
existing resources with its
collaborators in teaching and
conducting research. PCRU’s
research strategies were shared
at the NUS Medicine Head of
Departments’ meeting on 6 July
2020 by Professor Doris Young.

Capacity: Building a clinicianscientist pipeline for Family
Medicine research
PCRU builds its pipeline of
Family Medicine researchers
through targeted research
training programmes for family
doctors at different training
levels with gradated objectives
and deliverables. To date, PCRU
is training 19 family doctors in
research—two Junior Academic
Faculty Scheme (JAFS) lecturers
or FM Scholars, 13 National
University Polyclinics doctors
and one general practitioner—
who are undertaking the College
of Family Physicians Singapore’s
fellowship programme and
four first-year Family Medicine
residents. In 2020, PCRU also
provided research teaching and
opportunities for about 20 NUS
Medicine students. In 2021,
the FM Scholars’ programme
will expand to four Scholars
from two the year before and
start a new research training
programme for the four
first-year FM residents. The
Department of Family Medicine
also has its first PhD candidate
who has been awarded the 2019

National Medical Research
Council Research Training
Fellowship.
In 2020, PCRU conducted eight
Research Forums featuring
primary care researchers
sharing their research journeys
and findings to an audience
which comprised about 50
primary care researchers.

12
P
P
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2019

2020

Capability: Building research
unit and developing research
skills
By 2020, PCRU has increased
in strength with four research
staff (one research fellow,
two research associates, one
research assistant and one
senior research executive). The
number of projects has also

I LY

grown to 11 (see Table 1), with
grants amounting to S$760,000
(see Table 2). A grant review
committee was set up to improve
PCRU’s skills in developing and
submitting successful research
grant proposals. PCRU also
leverages on existing NUS/NUHS
research development workshops
to hone its research skills.

Collaborations: Establishing
impactful joint research
projects and programmes
PCRU brings together local
and international researchers
from general practice, hospital
practice, basic sciences, aged
care, cancer care, biostatistics,
health informatics, medical
education, nutrition and
psychology.

PCRU is aligned with research programmes at NUS
Medicine. The medical education research focuses on
medical humanism and educational pedagogy.
Table 2.
Research Project

Research Themes

Investigators

PACE D
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D

D
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International visitors
From 2019 to 2020, PCRU hosted
eight primary care researchers
from universities around the
world. These esteemed researchers
who visited were Professor Andrew
Farmer from University of Oxford
UK, Professor Irene Blackberry
from La Trobe University Australia,
Professors Jon Emery and Lena
Sanci and Associate Professor
Jo-Anne Manski-Nankervis
from University of Melbourne
Australia, Professor Cindy Lam
from University of Hong Kong,
Professor Samuel Wong from
Chinese University of Hong Kong,
Professor Claire Jackson from
University of Queensland Australia
and Dr Ruth Teh from University
of Auckland, New Zealand. They
generously shared their expertise
and experience to advice and guide
PCRU in its planning and work.
Asia-Pacific Academic Primary
Care Group
PCRU has research training and
collaborations with primary

P

30

and pool resources to sustain
its research. It also intends
to work towards attracting
philanthropic support for its
research endeavours.

care researchers from eight
universities in the AsiaPacific region, forming
the Asia-Pacific Academic
Primary Care Group
(AAPCG). The universities
are Singapore’s Duke-NUS
Medical School and NTU
Lee Kong Chian School of
Medicine, University of
Melbourne in Australia,
University of Hong Kong, and
Chinese University of Hong
Kong, University of Malaya,
University Putra Malaysia
and Fudan University in the
People’s Republic of China.
Once a year, the group holds
a workshop on research
methodology and update one
another on their research
programmes to facilitate
future collaborations.
Funding: Building strong
sources of revenue to support
PCRU’s research efforts
PCRU is strategising to
successfully obtain grants

COVID 19

Future Research
Directions for PCRU

D
DF
2020

The future looks bright
and exciting for PCRU, the
new kid on the block in
NUS/NUHS research. PCRU
has started to forge its way
steadily to create research
opportunities for local
family doctors to participate
in impactful primary care
research that will influence
health practices and improve
clinical outcomes for their
patients. A 2020 PCRU Report
Card outlining targets,
programmes, action plans,
achievements and future plans
was used to document its
accomplishments in 2020 and
will be used to guide PRCU in
attaining the Department’s key
research objectives for 2021.

IN V IV O

An MBBS with
a Difference
NUS medical students can now
take a year off to study for a
postgraduate qualification before
returning to complete their degree.

U

ndergraduate medical
students at NUS
Medicine now have the
opportunity to study for a
Master’s degree in addition to their
medical qualification, the MBBS.
They will be able to take one
academic year off their MBBS
programme to pursue another
area of study, before returning to
complete their medical studies.
The MBBS Intercalated Year
Programme (IYP) will give these
medical students opportunities
to learn beyond their curriculum,
giving them the opportunity to
pursue other disciplines and
subjects. This widens students’
learning experience and provides
them with additional knowledge
and skills that they will need
as future doctors working in
complex environments where
multidisciplinary collaboration and
interactions are common.
The IYP is a unique offering that
differentiates NUS Medicine
MBBS students and provides new
opportunities for NUS medical
graduates to expand their roles
in the healthcare sector beyond
clinical practice.
Besides the inaugural Master’s of
Science by Research programme

on offer (see box), more courses
are expected to be available as the
programme matures. NUS Medicine
is exploring a Master’s in Public
Health with the NUS Saw Swee Hock
School of Public Health for the IYP.
More details will be made available in
due time.

“We are excited to offer this new programme
to enhance our students’ learning
experience with us. Hopefully as the
programme grows, we will be able to offer
more of such growth opportunities to a
greater number of students,” said Associate
Professor Lau Tang Ching, Vice-Dean for
Undergraduate Education at NUS Medicine.

With the objective of training more
doctors who are trans-disciplinary
in their outlook, there are plans for
additional courses in data analytics,
design thinking, implementation
science, health economics,
innovation and entrepreneurship to
be set up in the coming years.

NUS Medicine Dean, Professor Chong Yap
Seng said that the demands within the practice
of medicine are constantly evolving, but are
more pronounced in this generation. “We
want to provide our students not only with the
technical knowledge they need as doctors, but
also with soft skills and the analytical minds
needed to solve problems of the future.”

What is the MBBS Intercalated Year Programme?
U

US

BBS I P

S

US

S

Requirements:

take and pass coursework,
which comprises two
core modules and elective
modules totaling
16 modular credits

D

submit a thesis
to the Board of
Examiners at the
end of the year of
study.

S

S

S

S
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Mental Gymnastics for
‘Thinking’ Future Doctors
BY DR CHEN ZHI XIONG, ASSISTANT DEAN (EDUCATION), NUS MEDICINE

I

s the ‘logical’ conclusion
always the right one?
Have you thought about
the problems that each
solution or innovation might
bring? Must something be
quantifiable in order to be
true? If that is the case, how
do we measure the impact of
parents on their children?
Who can predict the next
pandemic? Could a new course
of a disease be projected?
What will be the most pressing
healthcare need in 10 years’
time? Why do patients reject
certain medical devices and
interventions despite the best
science and design behind
them?
Traditional medical and
surgical competencies will
no longer be sufficient to
deal with the complexity of
future healthcare problems,
individual or global. The
ability to inquire astutely,
think laterally and make
deft metacognitive jumps
between disparate information
dots will be a skill that any
motivated workforce will
need, to remain nimble and
agile by 20221. COVID-19 has
greatly accelerated the need to
acquire this skill. In relation
to this, traits like complex
information processing and
problem-solving, reasoning
and ideation, systems analysis
and evaluation, cognitive
adaptability and socialcultural-emotional intelligence
are of particular importance1.
Against the backdrop of a

32
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sector with traditionally low
adaptability and agility like
healthcare, the need to acquire
this skill among the healthcare
workforce becomes even more
critical2.
In response, the NUS
Medicine conceptualised
and developed the Inquiry
& Thinking Pathway. This
is an initiative that aims to
inspire students to be curious
while accustomising them
to various thinking methods
and reasoning approaches
that challenge their existing
worldviews and instil a love for
inquiry.
Broadly, the pathway is divided
into three themes—Purpose,
Paradigm and Process. Piloted
at an inaugural summer school,
this pathway saw Phase II, III

and IV students participating
from March to July 2020.
Phase II students went
through an intensive two-week
programme where they had
17 faculty members taking
them through topics such
as complexity and systems
thinking, evidence-based
medicine, moral dilemmas,
evolving disease patterns,
paradigms and methodologies
and how to ask good questions.
During these two weeks,
participants went on a virtual
tour of Institute for Health
Innovation & Technology
(iHealthtech), discussed difficult
topics, and worked in teams to
develop a project proposal in
tandem, using the skills and
techniques they learned, to
answer a question of interest
relating to health and medicine.

Impact
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Artificial Intelligence Enables
Single-Patient Clinical Trials
NUS Medicine’s Institute for Digital Medicine pilots novel
N-of-1 (single subject) trial designs to improve patient
outcomes with rapid and economical solutions.

T

he stuff of science
fiction not so long ago,
artificial intelligence
(AI) is now powering
a dynamic new range of
customised, single-patient
trials that are proving to be
more effective than traditional,
templated clinical treatments.

The trials led by the Institute for
Digital Medicine at NUS Medicine
and involving teams drawn
from backgrounds as diverse
as engineering, healthcare
economics, behavioural sciences,
computing, public health,
and public policy, are helping
to improve patient outcomes
through rapid and economical
solutions.
These outcomes are being
achieved by the use of AI to
integrate groundbreaking
advances in medicine and
digital technology. The
aim—to drive revolutionary
trial design protocols and
targeted healthcare solutions
that deliver faster, and more
effective clinical interventions.
The Institute (also known as
WisDM) has thus far pioneered
a way to pinpoint effective drug
mixes against COVID-19, and
developed digital therapies to
address cognitive decline for
post-brain radiation therapy
and other oncology patients as
well as other ageing and
illness-related challenges.

3

Digital drug development
for COVID-19

Through an interactive digital
platform called IDentif.AI
(Optimising Infectious Disease
Combination Therapy with
Artificial Intelligence), which
leverages AI to calculate the
most effective combination
of drugs and doses, the NUS
Medicine researchers have
found that the most optimal
drug combination regimen
against COVID-19 comprises
Remdesivir, Lopinavir and
Ritonavir.
The IDentif.AI platform looked
at a pool of 12 drugs that were
selected based on their status
of being under evaluation in
multiple clinical trials.
IDentif.AI differs from
conventional AI approaches,
and does not rely on using
pre-existing data to train
algorithms and predict
treatment regimens. Instead,
it designs experiments using
different permutations of drugs
and doses to crowdsource the
live virus to determine the
combinations that optimise
antiviral activity. At the heart
of IDentif.AI is a powerful,
AI-discovered relationship
between drugs and doses to
efficacy and safety using a
quadratic algebraic algorithm.
This allows for the optimal
combination, which resides
among more than 530,000

530,000
t e s t e d i n 100+
2

1

possible combinations to be
identified with only a few
hundred experiments within
two weeks. Through the
platform’s ability to leverage
unforeseen drug interactions
within each combination,
optimised recommendations
for the drugs and
corresponding doses were
then suggested. Results from
the IDentif.AI platform have
been observed independently
from a team of international
collaborators on another strain
of SARS-CoV-2, and two study
protocols have been cleared to
enable clinical studies should
they be needed.
Professor Dean Ho, Director of
WisDM, said, “We need rapid
and economical solutions,
and the IDentif.AI allows for
digital drug development for
COVID-19. Even as the world
continues to race towards
vaccines, leveraging on AI
can potentially open up a new
pathway to accelerate the
search for an accessible and
optimised intervention that
may help take the strain off
healthcare systems.”

At the heart of IDentif.AI is
a powerful, AI-discovered
relationship between drugs
and doses to efficacy and
safety using a quadratic
algebraic algorithm.

SCIENCE O F LIFE

Novel trial designs for digital
oncology

Through another AI-derived
technology platform,
CURATE.AI which provides
actionable N-of-1 (i.e. single
patient) combination therapy
for the entire duration of patient
care, trials are customised
based on individual profiles,
to develop drug therapies and
interventions that achieve
better outcomes for patients.
Dynamically adjusting drug
doses, CURATE.AI sustains the
optimisation of combination
therapy as patient responses are
recorded.
In a previous pilot clinical study
conducted in collaboration
with a US-based hospital, a
patient with advanced prostate
cancer was recommended a
50% reduction in dose of an
investigational inhibitor drug
for increased efficacy. The
patient subsequently resumed
an active lifestyle as the lower
dose also proved to be more

Findings have led to a clinical pilot trial that is
currently recruiting patients.

tolerable. Another patient
in Singapore with advanced
cancer who was prescribed a
reduced dose of Nab-Paclitaxel
saw his lung tumour shrink
while also maintaining a
stoppage in progression of
the cancer. This has further
allowed the patient to continue
treatment for a much longer
duration compared to most
patients who are being given
this drug. These findings have
led to a clinical pilot trial that is
currently recruiting patients1.
Assistant Professor Raghav
Sundar from the Department
of Medicine and WisDM at
NUS Medicine, and Consultant
with the Department of

AI

IDentif.AI
CURATE.AI

P

D

Haematology-Oncology
at the National University
Cancer Institute, Singapore
(NCIS) said, “In the current
clinical context, the doses
of chemotherapy drugs
given in combination can
be further optimised. Drug
dosing in cancer treatments
are typically based on
the degree of side effects
experienced by the patient.
With CURATE.AI, each
patient’s recommended
dose is calibrated using
clinical data generated from
their individual response to
treatment. This may redefine
how we care for patients and
leverage digital medicine to
treat cancers.”
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Medicine without the pill

In another expanded study
using CURATE.AI, the team
leveraged software as therapy
to address ageing and illnessrelated challenges in cognitive
and physical performance,
such as diabetes, cognitive
decline and Alzheimer’s
disease. Using the subject’s
own input data (e.g. training
intensity, current performance
level) and output data (e.g.
degree of improvement),
a personalised threedimensional (3D) profile can
be constructed to identify how
different subjects perform
under different intensities.
“Conventional learning
approaches involve training
on the same intensity or a
paced increase in difficulty.
However, these training
regimes do not often result in
the optimal outcome in every
subject. In the context of
digital therapy, CURATE.AI can
create individualised profiles
so that training may eventually
be customised to improve
performance,” said Prof Ho.
Moving forward, the team
has received funding and
clearance for a clinical study
to assess a digital therapeutic
addressing cognitive decline
in patients who have received
radiation therapy to the brain.
This study design will pair
CURATE.AI with dynamically
changing intensities of the
software to provide diagnostic
information regarding each
patient’s responses. These
responses will in turn be used
to personalise treatment. It is
envisioned that this study will
eventually lead to a therapy
that can be remotely deployed
in patient’s homes.

3

“The biggest tragedy that can happen with a
one-size-fits-all approach is that we lose against the
disease. We believe the future of healthcare lies in
AI, and using N-of-1 trial designs allows us more time
to innovate, so that we don’t miss out on what is truly
necessary to bring about better patient outcomes.”
Prof Dean Ho, Director of the Institute for Digital Medicine

Digital medicine for good

Medicine aimed at creating a
strong and coherent scientific
base to deliver impactful and
meaningful research outcomes
for the School and Singapore’s
health system. Besides digital
medicine, the other areas
are Cancer, Cardiovascular
Disease, Healthy Longevity,
Human Potential, Immunology,
Infectious Diseases,
Precision Medicine and
Synthetic Biology. These
nine key focus areas, which
are multidisciplinary, and
health and disease-based
will create greater synergies
and collaboration between
basic scientists and clinician
scientists, strengthen
programmatic research and
deliver research outcomes
to address clinically relevant
issues and applications that are
aligned to national priorities.

Beyond clinical diagnosis, the
WisDM team aims to leverage
AI and digital solutions to build
sustainable and cost-neutral
methods and treatments
that can be deployed by
all communities globally.
Challenging the status quo
early, their work centres on
precision testing enabled by
N-of-1 trial designs that have
proven more effective than
standardised clinical trial
methods.
“The biggest tragedy that can
happen with a one-size-fitsall approach is that we lose
against the disease. We believe
the future of healthcare lies
in AI, and using N-of-1 trial
designs allows us more time to
innovate, so that we don’t miss
out on what is truly necessary
to bring about better patient
outcomes,” Prof Ho added.

Delivering research aligned
to national priorities
WisDM is one of nine new
Translational Research
Programmes (TRPs) at NUS

1

Watch video
about the
research here:
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The Nurse Will See
You Now, Online

dead heart muscle can cause a
lifetime of suffering by leading
to heart failure.

Nurse-clinicians, enabled by technology, provide care for
recovering heart attack patients through telehealth—a system
that can be as good as cardiologists’ face-to-face consultations.

R

ecovering heart
attack patients can
be well cared for
by highly trained
experienced nurses, whose
quality of care equals or even
exceeds those provided by
cardiologists.
These are the findings of a
study involving 301 patients in
three healthcare institutions
in Singapore. Led by Associate
Professor Mark Chan, Deputy
Director of the Cardiovascular
Disease Translational
Research Programme,
NUS Medicine and Senior
Consultant at the National
University Heart Centre,
Singapore, the study showed
that the nurse practitioners,
equipped and supported by
an array of digital health
monitoring tools, were able
to remotely monitor and
assess the patients’ health

daily as well as hold weekly
consultations with them.
Where necessary, the nurses
also adjusted the patients’
medication doses, providing
a level of care that Assoc Prof
Chan and the team found was
not usually available from
busy cardiologists running
heavy clinics.

The Need: Continuous
monitoring and frequent
personalised care instead
of low intensity episodic
care

Heart attacks are common in
Singapore where 10,000 new
heart attacks occur each year.
In a heart attack, or acute
myocardial infarction, arteries
supplying heart muscle are
abruptly blocked, causing
heart muscle to die very
quickly. Death of heart muscle
can be rapidly fatal and even
among heart attack survivors,

301
S

The pre-hospital and in-hospital
management of heart attacks in
Singapore is considered among
the best in the world, with
our public hospitals offering
24/7 emergency angioplasty
treatment to open up blocked
arteries in double-quick time.
However, challenges remain
in the care of heart attack
patients after they leave the
hospital. Ideally, heart attack
patients should be reviewed
early after discharge as the
early post-discharge period is
when they are most vulnerable
to complications from the
heart attack. It is also the most
opportune window to adjust
their medications for rapid
healing of heart muscle.

The Problem: Delay in postdischarge follow-up

Yet, the reality is that
cardiologists in most healthcare
systems around the world
are unable to see heart attack
patients within a month of
discharge. The primary reason
for this delay in post-discharge
follow-up is due to the logistic
challenge of accommodating
frequent in-person visits at
specialist outpatient clinics in
the hospital. The traditional
mode of cardiologists seeing
their patients infrequently in
face-to-face visits, sometimes
lasting as briefly as several
minutes, is about to change
and pave way for telehealth
services.

More attentive care from
nurse clinicians enabled by
technology

Enter the allied health clinician,
often a nurse practitioner or
pharmacist with specialised
training, who is increasingly
taking over many patient-care
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roles. Armed with an array of
digital health tools that enable
these allied health clinicians to
monitor and communicate with
patients remotely, heart attack
patients can now have timely
yet more leisurely outpatient
follow-up with adjustment of their
medications during the critical
early period of heart muscle
recovery.
These were the findings of the
clinical trial of remote follow-up
and medication adjustment by
allied health clinicians for 301
heart attack patients from three
healthcare institutions—National
University Heart Centre, Singapore,
Tan Tock Seng Hospital and the
National Heart Centre Singapore in
the IMproving reModeling in Acute
myoCardial infarction Using Live
and Asynchronous TElemedicine
(IMMACULATE) trial.
Through the use of remote
monitoring devices, the allied
health clinicians—experienced,
senior nurses with master and
doctorate degrees in advanced
nursing care—were able to monitor
the patients’ blood pressure and
heart rate daily and consult weekly
with the patients, a level of care
that has never been possible in the
traditional model of face-to-face
care with busy cardiologists. The
trial was a randomised controlled
trial, which means patients were
equally assigned to the allied
health clinician-led remote
management versus traditional
face-to-face care by cardiologists;
randomised trials remain the gold
standard for testing the efficacy
of new treatment strategies as it
balances out all other differences
between the patient groups being
compared. The trial, which has just
been published in the prestigious
medical journal, JAMA Cardiology,
showed that allied health clinicianled remote management using
digital health tools was as safe as
in-person care by cardiologists.

3

“Technology has also removed many of the
barriers posed by traditional models of care;
Artificial Intelligence now gives an ‘Iron
Man’ suit to the allied health practitioner
and digital tools now enable interactions
across both space and time beyond
traditional in-person episodic care…”
Assoc Prof Mark Chan, Department of Medicine

Moreover, patients assigned to
remote allied healthcare showed a
trend towards more optimal doses of
key medications than cardiologist-led
care.
Assoc Prof Chan, principal
investigator of the IMMACULATE
trial, explained that the trial results
should reassure patients that nurses
and pharmacists, can deliver as good
if not better care than cardiologists.
Assoc Prof Chan, a cardiologist
himself who looks after heart attack
patients, said, “Time and again,
research has shown that allied health
colleagues with the right training
do as well and sometimes better
than cardiologists, at least when
taking care of conditions that are
of lower complexity and pathwaydriven. The reasons for this are
diverse but include, perhaps, greater
willingness to follow evidencebased clinical protocols and perhaps
greater empathy. Certainly, research
has repeatedly shown that fewer
variations in practice often lead to
better patient outcomes for common
conditions.”
He continued, “Technology has
also removed many of the barriers
posed by traditional models of care;
Artificial Intelligence now gives an
‘Iron Man’ suit to the allied health
practitioner and digital tools now
enable interactions across both
space and time beyond traditional
in-person episodic care. Limitations
of course exist with this model of

allied health-led technology enabled
care: first, large initial investments
in training are needed to upskill the
allied health providers, second, the
reliance on technology will always
bring along data security risks, a
trade-off for convenience, and third,
clinical pathways probably work for
only approximately 50% of conditions
in cardiovascular practice. There
are still many patients with complex
cardiovascular diseases and multiple
co-morbidities that will require
highly-specialised in-person ‘bespoke’
care by an experienced cardiologist;
assigning the less complex patients to
upskilled allied health practitioners
then frees up specialist cardiologist to
focus on the highly complex patients.”
Assoc Prof Chan and the same
team of investigators spanning all
three healthcare clusters are now
embarking on a far more ambitious
trial of 6,000 heart attack patients
in partnership with the Ministry
of Health (MOH), MOH Office
for Healthcare Transformation
(MOHT), Health Promotion Board
(HPB), Institute for Digital Medicine
(WisDM) and Integrated Health
Information System (IHiS), in which
more advanced digital tools are
paired with wireless devices and
wearables to enhance patients wellbeing. Called “Acute Myocardial
Infarction: Allied Health-Oriented,
Patient-Centred Technology-Enabled
(AMI-HOPE)” care, the much larger
study will be completed in 2023 and
the results known in 2024.
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Cancer Detection’s Blood Whisperer:

Scientists Develop
Blood Test for
Gastric Cancer
Cost effective option compared with existing diagnostic tools expected to
contribute immensely in early diagnosis of gastric cancer.

A

fter eight years
of discovery
research, product
development and
clinical validation involving
5,248 subjects from Singapore
and South Korea, a team of
clinicians and scientists from
Singapore has developed a noninvasive blood-based diagnostic
test for gastric cancer (also
known as stomach cancer). The

test can potentially be used
as a cost effective screening
test for the early detection of
gastric cancer.
Gastric cancer is the third
leading cause of cancer deaths
worldwide according to World
Health Organization (WHO)
statistics. In Singapore, it is
the fifth and sixth cause of
cancer deaths in males and

A
re s e a rc h e rs

females respectively, causing
approximately 300 deaths every
year. Gastric cancer mortality
is high due to late presentation.
Endoscopy is currently the
standard diagnostic test for
gastric cancer. However, it
is perceived as invasive and
expensive, hence many patients
are reluctant to undergo
endoscopy even if they have
gastric symptoms.
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Outperforms conventional
blood-based biomarkers

“The majority of gastric cancer patients are
diagnosed at advanced stages, for which the
five-year survival rate is lower than 5%. Early
detection is thus the key to reducing death from
gastric cancer.”
Prof Jimmy So, Head and Senior Consultant with the NUH Division of General Surgery
(Upper Gastrointestinal Surgery)

Led by Professor Jimmy So,
Head and Senior Consultant
with the National University
Hospital’s (NUH) Division
of General Surgery (Upper
Gastrointestinal Surgery),
Professor Yeoh Khay
Guan, Senior Consultant
with the NUH Division
of Gastroenterology and
Hepatology, and Associate
Professor Too Heng-Phon
from the NUS Medicine
Department of Biochemistry,
the team included clinicians
and scientists from the
National University
Health System (NUHS) the
Bioprocessing Technology
Institute (BTI) of the Agency
for Science, Technology
and Research (A*STAR),
national platform Diagnostics
Development (DxD) Hub, and
MiRXES Pte Ltd, a Singapore
headquartered molecular
diagnostic company spun off
from A*STAR’s BTI.
The team started this
project in 2012 by first
examining 578 microRNA1
candidates in 682 patients.
They discovered a panel of
12-microRNA biomarkers
that can differentiate gastric
cancer patients from normal
patients with an accuracy
over 92%. Based on this panel

0

of 12-microRNA biomarkers,
the team created a clinical
assay (or test kit) which was
manufactured to clinical
standards. From 2013 to 2018,
the team validated this blood
panel in a multicentre cohort
involving more than 5,000
subjects from Singapore2,
making this study the most
extensive evaluation of
circulating microRNAs as
biomarkers for gastric cancer
detection to date, worldwide.
“The majority of gastric cancer
patients are diagnosed at
advanced stages, for which the
five-year survival rate is lower
than 5%. Early detection is
thus the key to reducing death
from gastric cancer. To bring
about a meaningful fall in the
gastric cancer mortality rate,
an effective strategy that would
detect gastric cancer early so as
to enable prompt intervention
is required. This non-invasive
blood test is a breakthrough in
gastric cancer diagnosis and
it may potentially be used as
an effective screening test for
the early diagnosis of gastric
cancer,” explained Prof So,
who is also Head and Senior
Consultant with the Division
of Surgical Oncology, National
University Cancer Institute,
Singapore.

The performance of this
test was confirmed with
endoscopies and biopsies and
was shown to detect gastric
cancer with high sensitivity
across age groups, genders,
ethnicities and tumour
stages. The test is able to
detect 87% of all gastric
cancers, including 87.5% of
patients with stage I cancers.
In addition, the results
showed that this blood-based
test was more accurate
than any of the existing
conventional blood-based
biomarker tests for gastric
cancer detection. The
findings were published
in Gut, a leading
international medical
journal in October 20203.

Cost-effective risk
assessment tool for
gastric cancer before
endoscopy

Based on a cost-effectiveness
analysis to explore the
economic and health
impact of using the test
in a hypothetical national
screening programme in
Singapore, the team has
found that it may be a costeffective screening tool for
gastric cancer in high-risk
groups4 as it costs much less5
than endoscopy.
This test thus provides an
alternative solution for those
who would like a better
understanding of their risk
of contracting gastric cancer
in evaluating their need for
endoscopy. Results from this
test would help to identify
patients who are at high
risk of stomach cancer to
undergo endoscopy, thereby
reducing the reliance on
endoscopy6.

SCIENCE O F LIFE

“With further health technology
assessment to demonstrate
the effectiveness of this assay
as a screening tool in the
Singapore population, we are
hopeful that the assay will be
implemented as a screening test
for gastric cancer when used
in combination with followup endoscopy for high-risk
patients,” shared Prof So.
Assoc Prof Too however
emphasised that, “The test
does not replace endoscopic
evaluation. We believe this assay
provides an option for patients
who might not be keen on initial
endoscopic screening and adds
to the current cancer detection
tool armamentarium, just as
the stool DNA test is an option
for colon cancer screening.
Furthermore, the convenience
and non-invasiveness of this test
allows the public to have access
to better healthcare.”
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Future plans

The research team is planning
to evaluate the feasibility of
utilising this test in the primary
care setting to identify people
who are at risk of contracting
stomach cancer. Additionally,
further research on improving
the usability of test kit is also
currently underway.
This non-invasive bloodbased assay was co-developed
with MiRXES Pte Ltd and
the DxD Hub, which led the
assay optimisation, analytical
verification and clinical
validation of the product. The
assay has been commercialised
as GASTROClear™ and has
successfully attained European
CE mark7 in 2017 and gained
the Health Sciences Authority’s
approval in 2019. MiRXES is
also conducting local clinical
studies to seek regulatory
approval of GASTROClear™ in
China and Japan, which have
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the highest numbers of new
stomach cancer cases per year
globally. The test takes about
three hours to run in a clinical
lab and the test report can be
delivered to the patient’s doctor
within a week.
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What’s in a Name?
BY DR NOREEN CHAN, HEAD AND SENIOR CONSULTANT, DIVISION OF PALLIATIVE CARE,
NATIONAL UNIVERSITY CANCER INSTITUTE, SINGAPORE

A well-meaning colleague once asked me:
“Can you call yourself something other
than Palliative Care?”. It is just a name,
but names have powerful meanings and
elicit deep responses, and when it comes
to hospice and palliative care, those
responses can be decidedly negative.

T

he Palliative
community gets its
fair share of bouquets
and brickbats, and
one frequent jibe is we cannot
even decide what to call
ourselves. Hospice or Palliative
or both? What’s the difference?
Naming practice varies from
country to country (more
about that later), and has been
influenced by how palliative
care developed, and linguistic
and cultural mores.

International bodies like the
APHN and WHPCA—the Asia

2

Pacific Hospice Palliative
Care Network and Worldwide
Hospice Palliative Care
Alliance—include both
terms. In Singapore, the
convention is that “hospice”
refers to community-based
organisations, and “palliative”
to the specialty practice and
hospital-based departments
and services. We consider
the approach to be similar
and often use the term
interchangeably, but that is not
the case in many countries.
In the United States of
America for example,
“hospice” describes a specific
model of care that is Medicarefunded, largely home-based,
and requires a doctor to certify
that a patient has 90 or fewer
days to live. It also requires the
cessation of disease-directed
treatment, for example, no
further chemotherapy for
cancer. Therefore, the idea of a

hospice in the USA is very much
associated with end of life care,
so much so that proponents of
palliative care have taken pains
to distinguish themselves from
hospice care.
It gets even more confusing
when one considers that
different Chinese-speaking
dominions have their own terms
as shown in the box below.

China

姑息治疗
O

Hong Kong

临终关怀
Taiwan

安宁照顾
Singapore

慈怀疗护

INSIGHTS

Some of these terms have
unfortunate meanings,
for example 姑息 suggests
“withering”, or “do nothing”;
and 临终 means “near the end”.
Of course, it will be clear by now
that a lot of this is a reaction—
and a very normal human
one—to the association of words
like “hospice” with illness, dying
and death.
But first, a brief history lesson
on the origins of the terms…

Hospice versus Palliative

The term Hospice derives from
hospitium, and the same Latin
root, hospes, gave rise to words
like hospital, hotel, hostel
and hospitality. The earliest
hospitals in Middle Ages Europe
were run by religious orders
and offered refuge to travellers,
some of whom were pilgrims
who had travelled long distances
under arduous conditions.
The monks and nuns provided
food and lodging, protection
and whatever care they could,
and this spirit of charitable
whole-person care was a strong
influence in the development
of the hospice services in many
countries, including Singapore.
Palliative derives from the terms
pallium and palliare, meaning
“to cloak”. To understand the
origin of this term, we must go
back 50 years to 1970’s Canada,
where a urology cancer surgeon
named Balfour Mount attended
a discussion on Elizabeth
Kubler-Ross’ seminal book
“On Death and Dying”, and
after visiting St Christopher’s
Hospice in London, returned
to the Royal Victoria Hospital
in Montreal to set up the first
palliative care ward.
He coined the term “palliative
care” and is considered the
father of the discipline in

Canada. Why was a new term
needed? This was because in
Francophone regions, the term
hospice was closely associated
with charity poorhouses, where
the destitute and indigent would
go. It is somewhat ironical
then, that over the decades,
palliative care or soins palliatif
has acquired some negative
associations of its own.

A rose by any other name?

So what can we do about
‘branding’ hospice and
palliative care so that it is more
acceptable? One way is to
call it something else. Studies
across different countries have
shown that patients find the
term “supportive care” more
acceptable, and an oft-quoted
2011 paper from MD Anderson
Cancer Center described how
changing the name of the service
from Palliative to Supportive
Care, resulted in an increase in
referrals.
Other services have followed suit
and changed the name totally,
or to “Supportive and Palliative
Care”. I must admit to being
in two minds about this. If we
are not careful, the ‘bad press’
and misunderstanding about
palliative care would eventually
affect supportive care too, and
how often can we go hunting for
more palatable-sounding names?
Surely the more sustainable
response is to educate people
about what palliative care is and
is not, and ensure that we really
do what we say we do.

What is our ‘brand’?

The meanings of words and
the ideas associated with them
can, and do, change over time.
Take the word “apathy”, which
in ancient Greek times, meant
“free of passions” or “free of
suffering”, what we would today
understand as equanimity. But
nowadays, apathy is likened to
indifference and has a much
more negative connotation.
Palliative care is always going
to have a hard time selling itself
because of those inescapable
negative associations, but
the elephant in the room is
not going away by calling it
something else. My preferred
approach is not to avoid
the term, but to broaden its
meaning and relevance beyond
end-of-life care. If the meanings
of words can evolve, that is an
opportunity to promote better
understanding.
Recognising and responding
to suffering is something
we all should be doing.
Promoting well-being,
especially for the sickest and
most vulnerable, should be
something everyone does—you,
me, all healthcare providers,
families, governments, whole
communities. If we support
this notion, then palliative care
can be viewed as an enabler,
preparing everyone to care,
championing “quality of life
for every age and every stage”.
Enabler: now here’s a name that
connotes hope.

In Singapore, the convention is that “hospice”
refers to community-based organisations,
and “palliative” to the specialty practice and
hospital-based departments and services. We
consider the approach to be similar and often
use the term interchangeably.
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Epigenetics Opens Door
to New World of Medicine

BY PROFESSOR ROGER FOO, SHEIKH ZAYED BIN SULTAN AL NAHYAN PROFESSOR IN MEDICINE
AND SENIOR GROUP LEADER AT THE GENOME INSTITUTE OF SINGAPORE, AND DR ANENE-NZELU
GEORGE, RESEARCH ASSISTANT PROFESSOR, CARDIOVASCULAR RESEARCH INSTITUTE, NATIONAL
UNIVERSITY HEART CENTRE SINGAPORE

T

he term “epigenetics”
used to conjure up
memories of only
what we have read
about in the Dutch winter
famine1, or studies on the
Developmental Origins of
Health and Disease2. But
research has come a long way
with the dissecting of epigenetic
molecular mechanisms. With
the growing discovery of
epigenetic factors that drive cell
fates or control cellular gene
expression, we are seeing their
real value as medicines spring
from the identification of these
epigenetic mechanisms. It is
an exciting time to witness the
threshold as new medicines
now “cure”, rather than the
conventional ones that simply
slow down the course of disease.

As the world woke to yet
another day of a relentless
barrage of COVID-related news,
a group of North American
clinician-scientists released
(with little fanfare?) the results
of a landmark human clinical
trial on gene therapy for BetaThalassemia and Sickle-Cell
Disease3. Some have called this
“molecular surgery”, because
it is a permanent change that
actually cures the disease. The
work showed that the scourge
of life-threatening blood
disorders, which plagues
millions of lives worldwide, can
be achieved through CRISPRediting of a gene “enhancer”
active only in blood cells. Gene
enhancers are the epigenetic
switches in our genome.

Problematic transcriptor
factor crisply edited CRISPR is
becoming a household name,
accompanying the publicity
boost from recent Nobel
laureates, Jennifer Doudna
and Emmaneulle Charpentier,
who were celebrated for their
pioneering work on CRISPR gene
editing. This technology can be
targeted to protein-coding genes,
which comprises only 2% of the
human genome, and can also be
targeted to epigenetic switches,
found in the rest of the 98%, and
which drive gene expression and
cell behaviour.

CRISPR gene editing can be
targeted to protein-coding
genes, which comprises only 2%
of the human genome, and can
also be targeted to epigenetic
switches, found in the rest of
the 98%, and which drive gene
expression and cell behaviour.
by CRISPR editing, targeted to
this enhancer region—one of our
eponymous ‘epigenetic switches’—
we have the molecular surgery
that turns off the expression of
the transcription factor, allows
for sustained production of fetalhaemoglobin, and provides the
cure so that red blood cells now
have sufficient oxygen-carrying
function.

Patients who suffer the blood
disorders lack the healthy
version of haemoglobin in their
red blood cells and cannot
carry oxygen effectively. These
haemoglobin proteins appear
in the first six months of life
to replace fetal-haemoglobin,
which performs the same role,
but at the fetal stage (when
the baby is still in the womb).
Scientists realised that the switch
from fetal to adult-haemoglobin
is controlled by a transcription
factor. By suppressing this
transcription factor, it becomes
possible to retain high levels
of healthy fetal-haemoglobin,
thence overcoming the issue of
the lack of adult-haemoglobin.
More intricately, the scientists
identified the enhancer region
of the transcription factor gene,
which is specifically active only
in blood cells, and responsible
for regulating the abundance of
this transcription factor. Now,

This work is a brilliant example
of how molecular insights, built
upon molecular technologies,
may bring an end to human
suffering. We are now finally
reaping the benefits from the
human genome sequencing
project accomplished about
20 years ago. Together with
CRISPR technology, the future
for gene therapy is promising.
Epigenetics is no longer just
observations or phenomena yet
to be understood. We are taking
firm strides into the new world of
medicines that set out to cure.
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Advanced
Robotics

Meets
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PI L
m a in t a in s

Synthetic
Biology

BY DR ROOPA RAJASHEKAR, RESEARCH FELLOW, DEPARTMENT OF BIOCHEMISTRY AND
NUS SYNTHETIC BIOLOGY FOR CLINICAL AND TRANSLATIONAL INNOVATION

Synthetic biology is the marriage
between science and engineering
to design and build biological parts
and cutting-edge devices to help
fuel bio-based economies. This
motivation to accelerate innovation
in synthetic biology between
academia and industry resulted in
the establishment of the Singapore
Consortium for Synthetic Biology
(SINERGY), hosted by NUS.
One successful outcome of the
collaboration between academia
and industry is the development of
a high-precision, automated high
throughput colony picker,
Singer-PIXL.

S

inger-PIXL was born out
of a collaboration between
Singer Instruments, a UKbased technology leader in
automation and robotic instruments for
the life sciences industry, and Singapore
BioFoundry, Singapore’s first and only
biofoundry which houses state-of-theart robotic systems and is hosted by
NUS Synthetic Biology for Clinical and
Translational Innovation (SynCTI).
Screening of large libraries of
microbial strains is a common task
in synthetic biology. While screening
is traditionally performed manually,
handpicking thousands of colonies is
not only impractical and tedious but
also inefficient and costly. Despite the
huge advantages of robotic colony
picking systems, these platforms have
not been widely adopted largely due
to issues such as inconsistency, low
throughput and cross-contamination.

This is a problem that was waiting
to be solved. In 2017, Singer
Instruments and NUS SynCTI
signed a research collaboration
agreement to conceive and
develop a new advanced and
automated high-throughput
colony picker, following the
Design-Build-Test-Learn mantra
of BioFoundry.
From here, Singer’s scientists and
engineers worked closely with
NUS SynCTI researchers to design
and test Singer-PIXL, developing
the next-generation colony picker
Singer-PIXL, which evolved to
become a high-precision colony
picker. To maximise its reach and
utility, Singer-PIXL was housed
at the BioFoundry for proximity
to researchers, who could use the
instruments and provide constant
feedback to design and learning.

I

Singer-PIXL went from design to
automation within two years. Its
improved functionality in design
and automation is a result
of input and feedback from
researchers at NUS SynCTI. With
this new design and capabilities,
it has found wide acceptance
in the synthetic biology
community for its high precision
and efficiency.
This collaboration has
proven to be a good model
and blueprint for the

SI

S

development of future
advanced robotics. Through
initiatives like SINERGY,
which nurture corporateacademia partnerships and
enhance interaction between
researchers and engineers, new
technologies for automation
and robotic screening
platforms are developed.
Within SINERGY, a number
of synergistic public-private
sector partnerships are in the
works. This bodes well for the
future of synthetic biology.

3 Key Features of Singer-PIXL
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Telemedicine
Is Here to Stay

Updates from the CENTRES
Telemedicine Workshop
BY MATHAVI SENGUTTUVAN, RESEARCH ASSOCIATE, PHD STUDENT,
AND TRACY DUNBROOK, INSTRUCTOR, FROM THE CENTRES
PROGRAMME AT THE CENTRE FOR BIOMEDICAL ETHICS

As communication remains largely
virtual in the wake of the COVID-19
pandemic, uncertainty over how
much longer this ‘new normal’ will last
continues for the medical community.
But with the passage of time, we are
embracing technology that seeks
to make our professional and social
interactions more convenient and
engaging, above and beyond safedistancing mandates. Healthcare is no
stranger to these developments.

I

n Singapore, many
healthcare providers have
shifted to tele-platforms,
particularly since the
Circuit Breaker period from
April to June 2020. People
are increasingly turning to
telemedicine providers and
apps like WhiteCoat, Speedoc,
Doctor Anywhere, etc., through
which designated local doctors
can be contacted within a
few minutes1. Consequently,
several challenges have arisen,
particularly regarding efforts
to match the quality of care
that has been provided through
traditional modes of healthcare
delivery. The National

Telemedicine Guidelines
2015 (NTG)2, as well as the
SMC Ethical Code and Ethical
Guidelines (ECEG) require
healthcare professionals to
provide the same standard of
care delivered by in-person
consults3. Further concerns
about how to practise
telemedicine ethically include
the maintenance of privacy
and confidentiality, access
and justice issues, obtaining
consent to telemedicine
sessions, concerns about
liability and ensuring
beneficence through
maintaining a requisite
standard of care.

Our Speakers at
CENTRES Telemedicine Workshop
Associate Professor Chan Mei Yoke
E
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S
C

C
C

Ms Rebecca Chew
P
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Associate Professor Chin Jing Jih
B
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Associate Professor Raymond Chua
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S
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Associate Professor James Low
C
C
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In response to these
concerns, on the 26 and
27 November 2020, the
Clinical Ethics Network +
Research Ethics Support
(CENTRES) programme
based at the Centre for
Biomedical Ethics (CBME)
organised a fully virtual,
two-day Telemedicine
Workshop. Nearly 250
participants, primarily
doctors, nurses, healthcare
administrators and
academics, gathered over
four sessions to deliberate
on issues and concerns
over ethical telemedicine
delivery.

On Day 1, an expert panel
comprising Associate Professor
Chan Mei Yoke, Chairperson,
Hospital Ethics Committee
and Senior Consultant,
KK Women’s and Children’s
Hospital; Ms Rebecca Chew,
Deputy Managing Partner,
Rajah & Tann Singapore;
Associate Professor Chin Jing
Jih, Chairman of the Medical
Board and Senior Consultant,
Tan Tock Seng Hospital; and
Associate Professor Raymond
Chua, Group Director, Health
Regulation Group, Ministry
of Health (MOH) explored
potential solutions to these
challenges4, followed by small
group discussions with the
participants. Day 2 offered
Senior Consultant, Geriatric
Medicine and Palliative Care,
Khoo Teck Puat Hospital
Associate Professor James
Low’s insights into practical
and ethical challenges faced
during teleconsultations in
nursing homes and specialist
outpatient settings5. Breakout
discussions with participants on
cases highlighting ethical issues
that healthcare professionals
may face during telehealth
interactions with patients ended
the workshop. The information
shared by the experts and
the robust discussions with
participants charted a path
forward towards better patient
care in telemedicine.

Privacy and confidentiality
in telemedicine

Maintaining the privacy and
confidentiality of both patients
as well as practitioners is an
ethical necessity in patient care.
Given the inherent limitations
and risks of technologies
used in healthcare delivery,
providers have a critical duty to
implement safety features, utilise
reliable platforms and meet
cybersecurity standards, in order
to avoid hacks and data leaks.

As Assoc Prof Chin noted during
the panel session, practitioner
responsibility in ensuring privacy
of the patient, especially in multimember households where others
might inadvertently or intentionally
listen in, is equivalent to that of
in-person consultations. This duty
extends to requesting that patients
participate in the consultation in a
suitable environment, one that is
quiet, and free from disturbances.

Nearly
250
4
sessions
o n is s u e s
a n d c o n c e rn s

Deciding who should participate
in a session is also important.
A patient may want to include
family members or caregivers.
Practitioners may want to include
others as well. For example,
in consultations with minors,
they should be accompanied by
chaperones, especially in sensitive
physical examinations when
practitioners of the opposite sex
are involved. Assoc Prof Chan
recommended that in such cases
another representative from the
practitioner’s end should also
be present, in order to increase
patient comfort.
In light of apprehensions
about the ease with which
teleconsultations can be covertly
recorded, Ms Chew suggested that
practitioners also look at this issue
from the patients’ perspective.
Recording consultations, which
is not necessarily exclusive to
telemedicine, may help patients
remember and process the
medical advice they receive during
a session6. Some participants
expressed concern about
their pictures or surroundings
potentially being manipulated
by patients, more so than the act
of recording. While there is no
legal barrier at present against
recording consultations, the panel
members agreed that the patient
should obtain permission from the
practitioner before going forward,
as a matter of courtesy and in
order to maintain trust in the
patient-practitioner relationship.
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Consenting to teleconsultations

Methods used to obtain informed
consent from patients for
teleconsultations have invited
ample scrutiny7. From boilerplate
end-user agreements in telehealthspecific platforms to simple
verbal agreement over telephonic/
Zoom conversations, the validity
of consent for remote medical
appointments is being called
into question. Conceptually,
the standards for consent to a
telemedicine appointment are no
different from those required in
face-to-face consultations8. But the
risks and shortcomings associated
with teleconsultations might not
be adequately grasped through
non-traditional methods, especially
by patients with limited capabilities
and resources. The onus is thus on
practitioners to assess the suitability
of patients for telemedicine9, and
so is the obligation to advocate for
the patient, and ensure that they
adequately understand the content
in wordy standardised agreements
related to the use of telemedicine
platforms. As the choice of platform
is critical, practitioners need to
conduct due diligence before
engaging patients in telemedicine
encounters, including carefully
reviewing the terms and conditions
of eligible platforms, as well as
avoiding unreliable platforms. As
the panel members concurred,
the goals and limitations of
the teleconsultation must be
comprehensibly shared with the
patient as well.

Justice: Access to telemedicine

Patient access to telehealth remains
a fundamental ethical concern.
Regardless of the ubiquity of
technology, effective universal
access to the internet and the
devices necessary for its use
continues to be difficult to achieve.
Elderly patients often struggle to
obtain the necessary devices, as
well as the tech literacy required
for telemedicine. Older persons
residing in geriatric care and

0

nursing homes, and the
staff taking care of them often
rely on teleconsultations with
attending physicians. Assoc
Prof Low has implemented a
comprehensive system for
Khoo Teck Puat Hospital under
the GeriCare@North programmes.
On Day 2 of the workshop10, he
presented a detailed overview
of the processes and protocols
in place for these telemedicine
initiatives. Partnering facilities
are funded and provided with the
requisite telemedicine hardware
and software, as well as training
opportunities and courses to upskill
nurses and other professionals
in accordance with the mandate
under the NTG11. This initiative has
resulted in greater access to care
opportunities for the elderly when
in-person consults are impractical.
On a general note, providers
arguably have an ethical
responsibility to facilitate access
to technology as an issue of
justice12. The obligation to provide
access is not direct and has to
be extrapolated from the text
of the Guidelines. The NTG and
the ECEG require that patients
who have access to, but need to
control some elements of the
equipment, should be sufficiently
trained to do so13. Enhancing the
health literacy of the patients
and caregivers, and improving
health-seeking behaviour through

tele-platforms can be equally
important in ensuring quality
of care in telemedicine. The
applicability of a doctors’ duty
to ‘charge a fair and reasonable
fee for services rendered’14 is
relevant to telemedicine as well.
However, the lack of personal
feel or three-dimensional
presence, its resultant impact
on communication, and
the shortage of literature
on the cost-effectiveness of
telemedicine make it difficult
to ascertain the ethical validity
of charging fees on par with
in-person consultations. At
the same time, MOH requires
that the standard of care in a
telemedicine session meet that
of an in-person consult, and
as in a clinic consult, the time
commitment of the medical
professional is the same.
Considering these factors as
well as the infrastructural and
overhead expenses of setting up
and maintaining tele-platforms
and screening patients for these
services may justify charging
similar fees for telemedicine.
Nevertheless, as patients and
caregivers may feel that there is
a significant difference between
an in-person and a virtual
medical appointment keeping
them sufficiently informed
about the details of the fee
structure, insurance options and
justification for costs is vital15.
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Regulatory perspectives

delivery of medication beyond
the brick and mortar premises of
medical clinics/services17. Access
is further enabled through the
convenience of having medication
delivered to the preferred location
after a telemedicine/in-person
consultation, and the standards can
ensure that this is done in a safe
manner. Replication of standards
in other aspects of telemedicine
is likely to alleviate some of the
abovementioned concerns as well.

In response to questions raised
by participants during the panel,
Assoc Prof Chua offered several
perspectives into the regulatory
aspects of practising telemedicine
in Singapore, from involvement
with the Licensing Experimentation
and Adaptation Programme
(LEAP). Inaugurated by the MOH in
2018, LEAP serves as a regulatory
sandbox due to the lack of current
legislation governing the space
beyond the NTG, to understand
the landscape of telemedicine,
formulate, and review licensing
and regulatory requirements, and
provide e-training for providers16.
As more providers join the sandbox,
their insightful experiences
are informing the creation of
additional standards for privacy,
cybersecurity, charges, etc. that could
potentially be implemented in the
new Healthcare Services Act. For
example, the Singapore Standard for
Supply and Delivery of Medicines,
developed in collaboration with the
Pharmaceutical Society of Singapore
(PSS) and the Singapore Standards
Council, expands the ambit of
existing PSS guidelines to include
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Telemedicine might not be
appropriate for some patientpractitioner interactions. The
necessity of physical examination,
the importance of face-to-face
communication and personal
touch, difficulties when engaging
in sensitive conversations or
breaking bad news, and any
uncertainties in delivering the
requisite standard of care can
make a telemedicine session
unsuitable in a particular case.
Yet, the convenience, efficiency,
and opportunities to access

V

7
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Telemedicine as the way
forward in promoting patientprofessional relationship

healthcare for patients cannot
be underestimated. Nor can the
necessity of telemedicine during
the pandemic be undervalued.
As the NTG affirms, telecare is
better than no care at all, when
elderly and other isolated patients
are precluded from accessing
in-person care18. By accepting
that telemedicine will continue to
exist and is likely to grow, it could
create a positive impact on the
patient-practitioner relationship19.
Practitioners will be able to conduct
follow-up sessions, review test
results and medication use and
remain in touch with patients
more often and conveniently than
ever before. Patients may be able
to communicate their concerns
in a timely and effective manner.
Telemedicine is also making
medicine re-examine and revaluate
existing communication with
patients and various aspects of
practice in an effort to deliver an
acceptable standard of care through
virtual modalities. Telemedicine
is part of medicine’s future, and
in addressing our concerns about
it now, we can improve overall
healthcare delivery.
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A Medical Student
Comes Home
BY JACQUELINE LIEW, PHASE II MEDICAL STUDENT

Phase II medical student, Jacqueline Liew, reflects on her journey
studying medicine and achieving her personal dream of studying at
NUS Medicine, after a short detour.
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s a rather sheltered
13-year-old, I
embarked on
a community
service trip to Vietnam. At the
orphanage, children lay sick
on the floor with no access to
healthcare. Befriending the
children at the orphanage and
witnessing their living conditions
first-hand struck a chord in my
heart. This ignited my aspiration
to become a doctor—to be a
friend, a listening ear, and a
helping hand to those in need.
After my GCE A-Level
examination, I applied to NUS
Medicine but failed to gain entry.
Devastated, I spent the next few
months making sure that my heart
was in the right place and that
studying medicine was the choice
for me. For a year, I volunteered
at an organisation that provides
affordable healthcare for migrant
workers in Singapore. After
spending a gap year volunteering
and working odd jobs, I was still
sure that I wanted to pursue
medicine, so I made the difficult
and costly decision of moving to
Australia to study.
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E

Despite enjoying my time in
Perth, I always counted down to
the days until my next flight back
to Singapore.

While there was a lot of
adjusting to do, I had an
amazing time at the University
of Western Australia (UWA).
Studying abroad forced me
into independence and selfreliance. I experienced a new
way of life, a new system
of education, and a new
environment. To immerse
myself in the university
culture, I joined a choir, The
Winthrop Singers, and the
Western Australian Medical
Students’ Society where I
managed Red Party’s Red
Aware Week—a fundraiser
and campaign that raises
awareness for HIV/AIDS.
It was not uncommon to
spend weekends having
brunch at local cafes, driving
through the bushlands,
hiking and relaxing at the
beaches. I spent weekday
mornings taking long runs
in the neighbourhood park
to soak in the scenery
before starting my day at the
university or at my part-time
job. The sunsets were also
particularly breathtaking.

US

This year, in the heat of the
COVID-19 pandemic, I was given
the choice to return to Singapore
to continue studying remotely. I
jumped at the opportunity to return
home to spend time with my family
and friends in Singapore. Towards
the end of the first semester of my
third year, I received news that NUS
Medicine had opened up spaces
for transfer students. Hopeful, but
with conservative expectations, I
applied for the second time. Every
stage of the application process was
nerve-racking—from writing my
application essay in the midst of my
final examinations, to the interview.
When I got news of an offer to
NUS Medicine, I was delighted. I
had finally achieved my long-time
dream of entering the NUS Yong
Loo Lin School of Medicine.

S

While the academic rigour is
as intense, clinical exposure
comes in a lot earlier at NUS.
Thankfully, I had very helpful
peers who helped me adapt to the
new environment.
I also joined the junior committee
of SIGNapse, a sign language
interest group at NUS that aims
to bridge the communication
gap between the deaf and hard
of hearing community, and the
university community.
Living and studying in the place
I call home is something I really
cherish, especially after having
been away for so long. Though
I’ve entered the School at an odd
time, with many classes being
held online, it has been exciting
nonetheless. I am so thankful
for the opportunities I have been
granted, and I look forward to
the rest of my studies and my
career ahead.
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