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What is Urodynamics?
Urodynamic tests measure
the ability of the bladder,
sphincters and urethra to
store and release urine.

Solar Blue
Urodynamics System

These tests help the physician to better understand and
diagnose the cause of the conditions which include:
® urine leakage

-
: ’ ~ ® frequent urination
;\l ® painful urination
® overactive bladder (urge)

® problems initiating a urine stream

® problems emptying the bladder completely
® recurrent urinary tract infections

X info@stjameshospital.com stjameshospital.com n



EDITORIAL

ne Arrow
of Apollo

‘I swear by Apollo Healer, by Asclepius,

by Hygieia, by Panacea, and by all the
gods and goddesses, making them my
witnesses, that | will carry out, according to
my ability and judgment, this oath and this
indenture ...’

The above is the beginning of the Hippocratic Oath, taken
by all physicians. This traces its origin to Greek mythology
where Apollo was revered as the chief god of healing.
Nonetheless, his far-reaching arrows could equally inflict
epidemics on humankind. For sure, if we were living 2,500
years ago, Covid-19 would have risen through his arrow-
heads smeared with this +ve-sense RNA virus.

The International Monetary Fund estimates the
pandemic will cost the global economy in excess of $28
trillion in lost output by 2025. Discussing this means
sieving through a cornucopia of reasons including
lockdown measures, reduction of future earnings for
students affected by schools’ closure, share of tourism on
one's economy, quality of governance ... the list goes on.
Regretfully, any initial attempts to seed trans-continental
cooperation were undermined by distrust. Suffice it to
mention the resolution pushed in 2020 by the EU and
Australia calling for a review into the Chinese origins of
Covid-19 and ensuing delays in alerting the international
community on this disease. Against this backdrop we are
still experiencing the laissez-faire attitude of nincompoops
the world over which has contributed no small part to the
spread of this virus, especially to the elderly, vulnerable, as
well as front-liners.

In stark contrast, the raw and harsh realities faced by
families are aptly embodied by the heart-rendering image
on our cover page, captured by Darrin Zammit Lupi. His
daughter Rebecca, or Becs as she was affectionately
called, has since left us. Zammit Lupi's rendering illustrates
the universality of the manner in which Covid-19 has
made living life a gargantuan challenge for sick people.
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Those actions which we invariably took for granted are
those which are most sorely missed... holding hands,
capturing the smell of the skin, or seeing one’s reflection
in the eyes of our loved ones, especially the elderly and
sick relatives ...

In the midst of this discordance, science has struggled
to prevail, first through the advice conveyed by public
health specialists and then through pre-clinical and clinical
studies. We now have a better understanding of this virus.
In keeping with this, we are also better equipped with the
necessary armamentarium. The challenges which invariably
present themselves, although foreseen, corroborate the
need to share knowledge and form partnerships between
different stakeholders. These challenges range from new
variants to logistics relating to vaccine administration.

Still, only a few weeks ago we saw the president of

the European Commission, Ursula Von der Leyen,
admitting that the EU “underestimated the difficulties
of mass production [of vaccines]” and that “mistakes
were made”. A far cry from her "European success story”
trumpeted in December.

By this stage we all know that politics and public health
are uncomfortable bedfellows. Walking the tightrope of
wealth and health is not easy and being armchair critics is
easy enough for most of us. | will not delve on the issues
stemming from lockdowns but indeed, many countries are
now taking off from the backburner important discussions
relating to economic growth measurements. This change
of heart has picked up momentum during the pandemic.
Similarly, such discussions are percolating in the echelons
of the Maltese parliament. Of note is the doughnut
economic model - alluded to during my recent interviews
with two public health trailblazers residing abroad, Prof.
Sandro Galea in the US & Prof. Claire Gerada in the UK -
departing from the conservative ‘GDP’, which considers
other important variables such as wellbeing indexes.

O Brave New World!
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After meeting Prof. Sandro Galea and Prof. Claire Gerada, we
continue with our series of interviews with Maltese medics
residing abroad. In this case, how did a young medical graduate
from Zurrieq end up working alongside Dr Anthony Fauci,
director of the US National Institute of Allergy and Infectious
Diseases? Dr lan Ellul catches up with Dr Keith Sacco, who
works in the immunology field.

During my undergraduate years | reflected on the specialty
which | was most passionate about and came to realize that it
was immunology. In keeping with this, | was repeatedly advised
that going to the US would be the wisest option since it would
add value to such specialization. | thus took the leap and moved
to the Mayo Clinic; its excellent clinical care proved to be an
excellent launch pad for me.

| was socially engaged in Malta. | also formed part of the
National Youth Orchestra. This yielded important cultural
twinning opportunities which proved valuable since | got to
meet people from all walks of life and learnt to adapt to their
way of thinking. This was further strengthened through my
participation in exchanges during my undergraduate years.
Nonetheless, | admit that | faced a different culture in the US
which contrasted greatly with the Maltese general laid-back
attitude; the first few months proved to be a steep learning
curve. The fact that few Maltese physicians reside in the US did
not help much; | had no reference points to turn to. It would
have been nice to draw from such experience. Suffice it to
say that the last Maltese medic to venture here did so over
ten years ago.

The US Department of Health includes the Centers for Disease
Control and Prevention (CDC), Food and Drug Administration
(FDA) and National Institutes of Health (NIH). The NIH is

the primary agency of the US government responsible for
biomedical and public health research. It has 27 institutes. 90%
of NIH funding goes to extramural activities and 10% goes to

intramural institutes (such as the main campus in Bethesda, which
is within the Washington D.C. metropolitan area).

During my work experience at the Mayo Clinic | strengthened
my conviction of specializing in immunology and it became
increasingly evident that the NIH was the place to be. | was
offered a fellowship (which is equivalent to the last few years
of HST training in Malta) and moved there. It is a privilege to
work at he NIH; suffice it to say that the NIH saw the first trials of
chemotherapy as well as gene therapy in the world.

I mainly work at the NIH Clinical Centre which is on the intramural
NIH campus in Bethesda, Maryland. This centre is the largest
hospital in the US dedicated solely for clinical research. | see
patients and carry out clinical work relating to research protocols.
In order to get more clinical experience fellows also have the
opportunity to go to the John Hopkins in Baltimore, as well

as other hospitals. During my protected research time | then
work at the National Institute of Allergy and Infectious Diseases
(NIAID) which is one of the NIH's institutes. At the NIAID | carry
out research on patient samples and also carry out pre-clinical
animal modelling.

On Monday, Wednesday and Friday the principal investigators
carry out ward rounds (like the British system) and we fellows are
like the consultants on the service, where we have the patients
presented to us by the residents. Dr Fauci still sees patients
during his monthly ward rounds. He invariably speaks to us on a
first name basis whenever we seek assistance from him in relation
to specific cases.

As explained, the NIH has a lot of institutes. The biggest is
the National Cancer Institute. When Dr Fauci started in 1984 the
NIAID was the 5% largest institute in terms of funding ($319.6
million). Through his career, it is now the 2" largest ($4.7 billion
government funds in 2020). Returning to your question relating
to the Trump administration, his advice to us has always been to
‘Speak truth to power".

Our interaction with the microbiome is increasingly being placed
in the limelight. We know that babies born via cesarean delivery



are at a higher risk of eczema because their skin does not
receive the optimal microbial diversity during delivery through
the vaginal canal. Also, infants who receive antibiotics early
on, have a diminished microbiome diversity. In keeping with
this, studies conducted by Dr Yasmine Belkaid, Director of the
Metaorganism Immunity Section at the NIH, have demonstrated
that certain species of bacteria grow in areas of eczema flares;
this is due to a change in skin microbiota. Preliminary results
have indeed shown that when specific microbes are topically
transplanted to the affected area with a view to take over, the
inflammation decreases.

The way we conduct research has not changed much along

the years; we ask a question and we conduct experiments to
validate a hypothesis. Through omics we now have access to
big data, which is more than we can interpret. Al and machine
learning are proving to be of great value in clinical work through
their ability to integrate different data quickly.

One must appreciate that immunology-related data revolves
around blood measurements, but many changes occur at the
tissue level; one cannot simply conduct biopsies on a regular
basis to validate a specific hypothesis, of course. Al together
with computer modelling have an important role there.

Our microbiome changes in space and time. A person’s
microbiome in Malta will be different from that person’s
microbiome residing in the US. Circadian rhythms as well
as psychosocial stress affect it as well. Through Al we can
incorporate various variables in time and space to understand
better such changes.

Biomarkers are classically defined as measures which highlight
specific changes in the biology of an organism. Allergologists
and immunologists were among the first specialties to promote
personalised medicine, since biomarkers guide us to the
mechanism of the disease. Taking asthma as an example, when
patients are not adequately controlled with high-dose inhaled
corticosteroids and long-acting beta agonists, immunologists
use biologics e.g. omalizumab. Omalizumab is an anti-IgE
high-affinity monoclonal antibody. The biomarkers required to
prescribe this are a high IgE together with evidence, through
blood or skin testing, for sensitivity to perennial allergens such
as dust mites. These two measures are biomarkers. Other
biologics include anti-IL5 monoclonal antibodies such as
mepolizumab, reslizumab and benralizumab which block either
IL-5 or IL-5 receptors. Eosinophils thrive on IL-5 and these play
an important role in allergic asthma. For these biologics you
need to have 150-300 eosinophils/uL in peripheral blood.

In the Western world people tend to have more exhausted T
cells. I like to draw the analogy of a broken car going uphill,
which produces more fumes. Exhausted T cells are pro-

inflammatory and this seems to stem from overfeeding and

a general lack of rest. Indeed, observational studies have
shown that shift workers, who work regular night shifts have

a higher relative risk of developing cancer, probably due to
sleep deprivation. In fact the International Agency for Research
on Cancer (IARC) classified night shift work as “probably
carcinogenic to humans” based on limited research evidence.
On the other hand, a daily fasting period of 10-12 hours -
which allows the liver to rest and switch to glycogenolysis and
gluconeogenesis - seems to decrease such inflammation and
ensuing insulin resistance. These closely related mechanisms
share common factors such as increased IL-6 and CRP.
Another related concept is autophagy which is one way to
maintain cell homeostasis and could prevent development
of dysplasia. Animal models have shown that a low-fat diet,
with adequate fasting times and good sleep hygiene tend to
promote autophagy.

Returning to your question, population-based studies
indicate that for specific skin diseases a low vitamin D seems
to predispose to a Th9 cell-type of inflammation which
is similar to what we see in psoriasis (albeit this is a Th17
type of inflammation). Adequate serum vitamin D levels
of 30-50nmol/L maintain an adequate skin keratinocyte
turnover. This, of course, is not absolute. | personally do not
advice patients to stop anything which does not cause overt
harm, to avoid jeopardising the doctor-patient relationship.
Notwithstanding this, | would not advise them to start any
micronutrients unless | am absolutely sure of their benefit.

| would never have imagined myself here ten years ago.
However, my compass today is always directed to places
where | can provide value to others. At the Mayo clinic | have
been taught that if | am resourceful to others, opportunities
will invariably come along. I am fortunate enough that
immunology is a very dynamic and cellular science and thus
will always keep up with the times. Most probably in ten years'
time we would be dealing with other medical agendas. What
| can say is that personally, geography is not a decision factor
and | am open to any opportunity which may present itself.

CME.30 proves to be an excellent rendition of topical

medical discussions aimed at healthcare professionals.

It is a trailblazing initiative from your part and the reader
engagement is behemont. The Covid-19 online symposium
which you organized had over 600 participants. Unfortunately
medical expertise is not valued much on social media so
CME.30 is the perfect tool for us physicians to discuss ideas
with peers, update our learning and, in keeping with this,
continue to uphold the values outlined in the Hippocratic oath.

The views and opinions expressed in this interview are solely
of the interviewee and do not necessarily reflect the official
policy or position of the US National Institutes of Health or
the US government.
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ABSTRACT

Cancer immunotherapy employs the immune system

of the human body to fight and kill cancerous cells.

This review article explores the translational research in
immunotherapy that is revolutionising cancer treatment,
including the use of cancer vaccines, checkpoint
inhibitors, chimeric antigen receptor T-cells, cytokines and
monoclonal antibodies.

INTRODUCTION
The immune system rests on two pillars: the innate, general
immune system and the adaptive, specialised immune
system. Both systems work together but carry out different
tasks.The main aim of the innate immune response is
to instantly prevent the spread of foreign pathogens,
or germs, throughout the body. If the innate immune
system is ineffective in destroying these pathogens, the
adaptive immune response sets in - this is specific to the
pathogen presented.

Many tumours are recognised as foreign by the
adaptive immune system. However, this response can
be inhibited by immunosuppressive mechanisms within
the tumour, which is why patients do not always achieve
long-term responses to existing immunotherapies. Cancer
immunotherapy, also known as immuno-oncology, is a
type of cancer treatment that uses the immune system
to prevent, control and eliminate cancer. It can be used
in combination with chemotherapy, radiation, surgery
or targeted therapies to increase their efficiency. Cancer
immunotherapy comes in many forms, including cancer
vaccines, checkpoint inhibitors, chimeric antigen receptor
T-cell therapy, cytokines and monoclonal antibodies.’

TYPES OF CANCER IMMUNOTHERAPY

Cancer Vaccines

Over the years, researchers have been looking at vaccines
as a potential treatment for cancer. Similar to how vaccines
work against other diseases, cancer vaccines are designed
to recognise proteins on specific cancer cells. In turn, this
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helps the immune system to recognise and attack those
cancer cells. Currently, there are four vaccines approved
by the U.S. Food and Drug Administration (FDA) that
can help prevent cancer, as well as two others for the
treatment of cancer.

Preventive Cancer Vaccines

It is established that viral infections are to blame for the
development of many cancers, and in fact, preventive
vaccines have been found to play a significant role in
reducing the risk. For example, cervical and head and
neck cancers can be caused by the human papilloma
virus (HPV), whereas liver cancer can be triggered by the
hepatitis B virus (HBV). In light of this, numerous vaccines
have been developed that can prevent HBV and HPV
infection and, consequently, protect against HBV- and HPV-
related cancers.

Cervarix®, for instance, is an FDA-approved vaccine
used in preventing infection by the two strains of HPV
that cause the most cervical cancers: HPV types 16 and
18.2 Similarly, the Gardasil® vaccine prevents infection by
HPV types 6, 11, 16, and 18, whereas Gardasil-9® prevents
infection by HPV types 16, 18, 31, 33, 45, 52, and 58, and
also prevents genital warts caused by HPV types 6 or 11.34
Overall, all 3 vaccines can help prevent the development
of HPV-related anal, cervical, head and neck, penile,
vaginal, and vulvar cancers. In regard to the hepatitis
B virus, HEPLISAV-B® is a vaccine that protects against
infection by HBV and so helps in the prevention of HBV-
related liver cancer.®

Therapeutic Cancer Vaccines

Nowadays, it is possible to identify targets on apatient’s
tumour that can help distinguish cancer cells from normal
cells. Often, these targets are normal proteins produced
at abnormal levels by cancer cells, such as prostatic acid
phosphatase for example, which is often overexpressed
by prostate cancer cells. By using this information,
researchers have been able to develop vaccines such

Vol 20 2021 e Issue 01



as the FDA-approved Sipuleucel-T (Provenge®) vaccine
which is used for the treatment of patients with advanced
prostate cancer.® The European Medicine Agency have also
approved in 2016 a vaccine (PDX-Survivac) that targets
survivin, which is a protein that is over-expressed on
ovarian cancer cells preventing their death.”

PDX-Survivac is also in a phase 2 clinical trial
(ClinicalTrials.gov Identifier: NCT03836352) where
subjects with advanced and recurrent solid tumours have
been enrolled. The tumours include ovarian cancer,
hepatocellular carcinoma, non-small cell lung cancer, and
bladder cancer.

Along similar lines, Ambler et al.8, at the Francis Crick
Institute, London, UK, have designed a KRAS neoantigen
peptide vaccine. KRAS is a gene that when it mutates
makes cells to become cancerous. This mutation is present
in many types of lung, bowel and pancreatic cancers.
Promising results on mice speared clinical trials of this
vaccine (ClinicalTrials.gov Identifier: NCT04117087).

The Bacillus Calmette-Guérin (or BCG) vaccine is
another therapeutic cancer vaccine, used to treat early-
stage bladder cancer. Specifically, it is a tuberculosis
vaccine that uses weakened bacteria to fuel the immune
system. In 1990, it became the firstimmunotherapy to
be approved by the FDA.? Thirty years later, the search
continues, and in fact, other cancer vaccine targets are
currently being evaluated in clinical trials, including 5T4-,
p53- and telomerase-based cancer immunotherapy.'%112
Oncolytic viruses are also being designed and used for
cancer immunotherapy. In fact the first oncolytic virus
(OV) to treat metastatic melanoma have been approved.’
Specifically, in the field of cancer virotherapy, OV can be
armed with transgenes to increase their ability to kill cancer
cells and leave normal cells unharmed.

Checkpoint Inhibitors
Immune checkpoints are proteins on immune cells that
need to be activated or inactivated to elicit an immune
response. Sometimes, cancer cells use these checkpoints
to avoid attack by the immune system. Checkpoint
inhibitor drugs are used to target these checkpoints, which
therefore makes them a promising new avenue for cancer
treatment. Two types of checkpoint inhibitor drugs are
those that target the checkpoint proteins PD-1 or PD-
L1 (programmed death ligand 1) and CTLA-4 (cytotoxic
T-lymphocyte-associated protein 4) on T-cells.™

Examples of FDA-approved antibody drugs that
target PD-1 include Cemiplimab (Libtayo®), Nivolumab
(Opdivo®) and Pembrolizumab (Keytruda®). Examples of
drugs that target PD-L1 include Atezolizumab (Tecentrig®),
Avelumab (Bavencio®) and Durvalumab (Imfinzi®). Overall,
these drugs have been significant in treating different
types of cancer, from advanced cutaneous squamous-
cell carcinoma to non-small-cell lung cancer.' Also,
Ipilimumab (Yervoy®), which targets CTLA-4, is used to treat
melanoma of the skin and continues to be tested for other
cancers as well."”

Chimeric Antigen Receptor T-Cell Therapy
Adoptive cell transfer (ACT) is an immunotherapy
approach where a patient’s own immune cells are collected
and used to treat their cancer. Several types of ACT exist,
but, CAR T-cell therapy is the most advanced in terms
of clinical development. In CAR T-cell therapy, T-cells
are taken from a patient’s blood and then engineered
so as to attack cancer cells. Specifically, the gene for a
chimeric antigen receptor that binds to a protein on the
patient’s cancer cells is added. In the end, large quantities
of the CAR T-cells are grown in the lab and given to the
patient by infusion.

The use of CAR T-cell therapy has, until recently,
been limited to small clinical trials. However, in 2017,
two CAR T-cell therapies were approved by the FDA:
Tisagenlecleucel (Kymriah®) for the treatment of acute
lymphoblastic leukaemia' and Axicabtagene ciloleucel
(Yescarta®) for advanced lymphomas."

Cytokines

Cytokines such as interferon and interleukin are a group
of proteins that play a central role in boosting the immune
system. Over the years, researchers have created man-
made versions of these to treat cancer. For example,
interferon is used for different types of cancer including
kidney cancer, melanoma, multiple myeloma and a few
types of leukaemia. Similarly, interleukin is used to treat
kidney cancer, although it is also in clinical trials for other
types of cancer.®®

Monoclonal Antibodies

Monoclonal antibodies (mAbs) are artificial versions of
immune system proteins. Since they can be designed to
attack definite parts of a cancer cell, mAbs can be useful
in treating cancer. mAbs used to treat cancer can be
bispecific, conjugated or naked.

Naked mAbs "
Naked mAbs are the most commonly used to treat cancer. £
They work by themselves, in that they have no drug or -
radioactive particles attached to them. Naked mAbs can
work in different ways. Some attach to cancer cells and
act as a marker for the immune system to destroy them.
Alemtuzumab (Campath®) is one such example and
is used to treat individuals with chronic lymphocytic
leukemia.?' Other naked mAbs work by attaching

to and blocking antigens that help cancer cells
grow and spread. For example, Trastuzumab
(Herceptin®) is an antibody-targeted therapy
against the HER2 protein which is present in large
amounts on the surface of breast and stomach
cancer cells.?

Conjugated mAbs
Conjugated mAbs are used to take

radioactive particles or chemotherapy
drugs directly to cancer cells.



Specifically, these mAbs circulate around the body until
they find and hook onto the target antigen. As such, the
toxic substance is delivered where it is needed the most,
which decreases the damage to normal cells in other
parts. An example of a radiolabelled mAb is Yttrium-
90-Ibritumomab Tiuxetan (Zevalin®) which is used in
patients with relapsed follicular non-Hodgkin lymphoma.?®
Similarly, the chemolabelled mAb Brentuximab vedotin
(Adcetris®) has shown remarkable efficacy in CD30-positive
lymphomas, such as Hodgkin's lymphoma and systemic
anaplastic large-cell lymphoma.?*

Bispecific mAbs

Bispecific mAbs are composed of parts of two different
mAbs, that is, they can attach to two different proteins at
the same time. An example is Blinatumomab (Blincyto®),
used to treat some types of leukemia, where one part
attaches to the CD19 protein found on some leukemia
and lymphoma cells, and the other part attaches to the
CD3 protein found on T- cells. By binding to both CD3 and
CD19 proteins, Blinatumomab is able to bring both the
cancer cells and immune cells together, which is meant to
elicit the immune system to attack the cancer cells.?®

SIDE EFFECTS OF IMMUNOTHERAPY

In general, the side effects of immunotherapy are different
from those seen with conventional treatments. This is
because they result from a misdirected or overstimulated
immune response rather than the effects of chemical

or radiological therapy. Overall, the side effects of
immunotherapy vary depending on the treatment type,

as well as the location, type of cancer and the patient's
overall health. In principle, immune-related side effects can
have an effect on any tissue or organ, and can range from
mild and moderate to severe becoming life-threatening
under particular circumstances.?#?” In most cases, however,
immunotherapy-related side effects can be managed with
immunosuppressive drugs such as steroids as long as they
are addressed early.

CONCLUSION

In the last few decades, immunotherapy has become
central in treating different types of cancer, so much so
that new ways of working with the immune system are
constantly being discovered. Epigenetic research, for
instance, is showing that there is the potential to combine
epigenetic drugs with immunotherapeutic agents.?®
Similarly, it has been found that the role of the microbiome
in controlling the immune response is essential and
therefore also significant in cancer immunotherapy. Indeed,
research is already ongoing to find out how to modulate
the microbiome and enhance the immunotherapeutic
effect when treating cancer.?” Translational research in
cancer immunotherapy is in hyper drive and will provide
other possibilities in the fight against cancer.
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Relative Risk

Prediabetes, defined by an HbAlc ranging
from 5.7% to 6.4%, may be accompanied
by an increased risk of complications
before progression to overt diabetes

type 2. This early pathophysiological
dysregulation often remains undiagnosed.
Recent studies are claiming different
phenotypes of prediabetes.

One such study published in Nature Medicine' describes
six pathophysiological phenotypic clusters using the

oral glucose tolerance test (OGTT), fasting insulin,
triglycerides (TRGs), HDL cholesterol, MRI-measured
visceral and subcutaneous fat, liver fat assessed with
H-MR spectroscopy, and a polygenic risk score for type
2 diabetes. Carotid intima thickness (IMT) was also
measured together with pancreatic and renal hilar fat.

5
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Insulin Triglycerides LDL HDL
Cholesterol  Cholesterol
Figure 1
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’henotyping
Prediabetes

Cluster 1 was used as a control and was characterised
by moderate diabetes progression risk accompanied by
moderate insulin resistance and moderately abnormal
TRGs and HDL levels.

Cluster 2 was characterised by low mortality together
with a significantly lower risk of overt diabetes and
coronary heart disease (CHD) than cluster 1. Insulin
resistance was not a feature and TRGs and HDL were
within normal limits.

Cluster 3 was characterised by high genetic risk
(diabetes-associated G allele), the second highest
progression to overt diabetes, pancreatic fat with
disturbed insulin secretion, high carotid IMT but no
increased CHD risk, however with a moderately elevated
renal disease risk. Insulin resistance and TRGs were
lower and HDL higher than in cluster 5.

Cluster 4 was characterised by predominantly
subcutaneous fat (“healthy obesity”) and low risk of
progression to overt diabetes. This was accompanied
by little insulin resistance, little liver fat, mild elevation of
TRGs and mildly low levels of HDL.

Cluster 5 was associated with the highest progression
to overt type 2 diabetes and all-cause mortality. It
was characterised by high IMT, highest risk for kidney
disease, highest insulin resistance, fatty liver, central
obesity and the highest TRGs and lowest HDL levels.

Cluster 6 was characterised by high mortality in spite
of low diabetes risk, most renal hilar fat and high risk for
microalbuminuria and stage 3 renal disease, moderately
high insulin resistance and TRGs level, moderately low
HDL, high visceral fat and less liver fat.

At this stage of knowledge this study's clustering
does not claim to be designed for definitive sub-
phenotyping of patients. However, a few clinically
useful conclusions may be drawn. In cluster 5 there
is an imminent risk of established diabetes which
should require intense diet and lifestyle intervention for
weight loss and liver fat reduction. This applies also,
albeit perhaps to a less intensive level, to cluster 3. In
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cluster 6 insulin resistance, even with low glycaemia,
appears to be responsible for renal disease and
increased mortality. The pathogenesis of renal disease
differs in type 1 and type 2 diabetes - glycaemia and
hyperinsulinaemia respectively. This study also suggests
fasting hyperinsulinaemia, TRGs and HDL levels are
useful indicators of underlying early vascular pathology
and the potential progression of prediabetes.

A recent study in JAMA? shows how the
Mediterranean diet (mainly vegetables, legumes, fruit,
nuts, seeds, olive oil, diary produce, fish and little red
and preserved meat) lowers diabetes risk by 30% in
overweight women. The most significant accompanying
biomarker was a reduction of insulin resistance followed
by HDL level improvement and BMI reduction, while LDL
and HbA1c levels were irrelevant.

Fasting hyperinsulinaemia is an indication of
chronically high insulin levels and insulin resistance.
Chronic hyperinsulinaemia is associated with high
blood pressure, increased platelet adhesiveness and
atherosclerotic cardiovascular disease. Excess insulin
(due to excess calorie consumption) accelerates ageing
but not all calories stimulate insulin production to
the same extent. Simple carbohydrates are the most
powerful stimulators, protein to a much lesser extent,
whereas fat has no effect on insulin.

The molecular basis of insulin resistance is unclear,
but vascular endothelial dysfunction (a feature in type
2 diabetes) is the likely candidate, because insulin level
in the interstitial space is lower than in the bloodstream.
And endothelial dysfunction is the primary event in
atherosclerosis.

A study published in JAMA in 1998 found that of
the traditional risk factors for CHD, hyperinsulinaemia
was more than twice as predictive as LDL (Figure 1).
Also, TRGs were more predictive than LDL. One of
the first signs of hyperinsulinaemia is increased TRGs.
The fasting TRGs/HDL ratio is a surrogate marker for
fasting insulin.

The pre-eminence of the predictive value of the
TRGs/HDL for CHD risk was shown by a 1997 paper
in Circulation (Figure 2).* Patients with the highest
TRGs/HDL ratio were 16 times more likely to have a
heart attack. High total cholesterol increased the risk
by a factor of 2, while smoking increased the risk by
a factor of 4.

Hyperinsulinaemia, and not fat (insulin neutral),
would appear to be the main culpritin CHD. This
crucial observation has been “hidden” from many
cardiology departments by the huge LDL/statin industry
(funding only statin/LDL trials). The finding that about
50% of patients hospitalised for CHD had total and
LDL-cholesterol within normal limits® has also been
overlooked. Statins probably improve CHD outcomes
via their anti-inflammatory action on atherogenic lesions
and not by lowering LDL.
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Reducing carbohydrate meal content (and alcohol)
reduces insulin resistance, hyperinsulinaemia and the
TRGs/HDL ratio. Marine omega-3 supplementation in
adequate dosage (at least 3gm daily) also reduces TRGs.

Probably the most convenient method of assessing
insulin production and diagnosing hyperinsulinaemia is
measuring blood C-peptide level since this indicates how
much insulin is being produced. Insulin and C-peptide are
secreted into the portal vein in equimolar amounts but
C-peptide’s half-life is much longer than insulin’s very
short one and is therefore a more accurate measure
of fasting/chronic insulin levels. Furthermore, the
cumbersome OGTT test does not distinguish between
insulin resistance and reduced insulin production. The
C-peptide test seems simpler and superior to both blood
insulin measurement and the OGTT. The C-peptide,
HbA1c and TRGs/HDL ratio trio is suggested as a useful
diagnostic and management tool in prediabetes and
overt diabetes type 2.

To conclude, a very recent study® proposes
another clinically useful prediabetes phenotypic
cluster. In older adults (mean age 76 years), although
prediabetes is common, the most common outcome
is either return to normoglycaemia or death, and not
progression to diabetes.
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TECHNOLOGY IN PRACTICE

PROF. ALEXIEI DINGLI

Ten Artificial Intelligence innovations

disrupting healthcare ... close to home

The past year brought the world on its
knees, yet it also ushered to the door several
essential healthcare innovations. Telehealth
and remote care became more widely
available due to the restrictions imposed by
the pandemic.

The strain on our health system meant that the most forward-
looking medical institutions had to evolve new capabilities
such as voice assistants capable of servicing hundreds of
calls, over and above their usual complement. To speed up
processing, Artificial Intelligence (Al) blossomed in various
healthcare applications, with big data taking on a significant
role in the field of predictive analytics.

These innovations are all rather impressive, and there are
many more in the pipeline. However, most of them emerge
from the top research centres located worldwide, such as
the Mayo Clinic or some small start-ups tucked secretly in
Silicon Valley. The truth is that many of them take a long time
to become commercially viable, and it might be years before
we start reaping their benefits. However, not all the innovation
is happening on the other side of the world, and this article
will highlight a few projects happening in our backyard.
These are all currently being conducted by researchers at the
University of Malta in collaboration with other entities such as
Mater Dei Hospital. Their innovative aspect is at par with other
projects happening abroad. The researchers do miracles with
the meagre funds they receive, many of which stem from the
University but also through national, European or even private
funding. However, the thing they have in common is that very
few people know about them, and for most of the time, the
lack of subsequent financing kills the project. The following is a
selection of such projects.

3D PRINTED SMART HAND

There have been various projects relating to the creation

of artificial limbs. One of them uses the Open Hand Project

to create a 3D printed hand and enhance it using smart
components. The project's idea was to provide additional
functionality to the artificial hand, such as changing the TV
volume by moving the prosthetic arm from a distance. Voice
recognition integrated within the hand allowed people to utter
more complex commands sent back to any smart device in the
house. Essentially, it fused a smartphone with an artificial limb.
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MAPProHand PROJECT

The project seeks to build a commercial prosthetic hand from
scratch. It aims to resolve the trade-off between simplicity,
dexterity and usability typically experienced in commercial
prosthetics. The project will conduct research on the hand’s
optimal dexterity based upon a simple architecture which
guarantees its usability. It will then create an artificial hand
based upon the parameters proposed by an Al system.

AUTISM VIRTUAL REALITY

The Autism Virtual Reality (VR) application, already discussed
in a previous article, lets people experience what an autistic
child goes through during a typical day. When the user wears
the VR headset, he finds himself in a school setting where he
sees, hears, and senses the world through an autistic child’s
eyes. The project aims to promote empathy, thus helping
educators, careers and people interacting more thoroughly
with autistic children.

CEREBRAL PALSY ASSISTANT

The SMARTCLAP project assists children with Cerebral palsy;
the most common physical disability in children affecting
movement and posture. The project places the user at the
centre of the design process by creating a smart device which
seeks to increase the child’s motivation. During the various
sessions, children sometimes find it challenging to perform
the tasks which the therapist suggests. By changing the
therapy into a fun game, the researchers hope to get better
feedback from them. This concept is called gamification,
whereby a typical (sometimes tedious) task, is changed into
a game. Various experiments show that gamification is very
useful in diverse settings. Through this project, the child is
encouraged to develop positive behaviour and improve his
social interactions.

AMBIENT ASSISTED LIVING

Ambient Assisted Living (AAL) services use technology in a
person’s daily life to help them live independently. Several
AAL devices have been designed and developed, based on
sensors, microphones and vision systems with quite promising
results. However, for the field to reach maturity, many
challenges need to be tackled, including developing robust
processes in the real-world that are easy to use and accepted
by society, users and carers. Because of this, researchers are
trying to detect rare irregular events using just a standard
camera system. Pose estimation models are used to detect

a person in the image and extract the body keypoints. The
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process is usually called skeletal detection, whereby the
position of the person’s skeleton is determined just from the
picture. This information is essential to detect anomalies such
as someone lying unconscious on the ground. Initial studies
show some impressive results with the system capable of
detecting most of the anomalies. These results also indicate
that these methods compare very well with other commercial
sensor-based solutions which are much more expensive and
inaccessible for most people.

AUTOMATED GAIT ANALYSIS

Gait analysis is the systematic study of walking patterns which
normally involves expensive and intrusive marker-based
methods, in conjunction with multiple infrared cameras.

When combined, they produce kinematic data that precisely
measure the walking behaviour of a person. Once the data is
collected, specialists then interpret the conclusions from the
kinematic data to make diagnoses. On the other hand this
project developed an automated alternative to marker-based
methods for gait analysis using standard cameras and Al. The
system achieves kinematic data that consists of varying left and
right joint angles for hips or knees. Two video cameras pointed
at the side and front view of a walking subject capture this
information. It then uses pose estimation as a markerless form
of motion capture which feeds into a pipeline of algorithms for
calculating and processing kinematics. The automated method
is quite promising since it achieves results almost identical to
that of an expensive marker-based system. Thus it reduces

the effort and financial investment needed for gait analysis,
leading to a broader diffusion in the health care community.
Furthermore, since such a system can theoretically work with
just two mobile devices, it would make it ideal for use in remote
areas worldwide where the availability of expensive setup

is impossible.

SELF-HARM, DEPRESSION AND SUICIDE

The Mental Health Promotion (MEHAP) project tries to help
adolescents with mental health issues, leading to self-harm,
depression, and increased risk of suicide. The project will
launch a mobile phone app co-produced with young people
who have self-harmed themselves. It includes many features
such as a mood monitoring diary, a personalised self-help
menu of mood-lifting activities, audio-taped relaxation and
mindfulness exercises. After every use, young people are asked
to re-rate their mood and are routed to emergency numbers if
they are still feeling an urge to self-harm.

SCHIZOPHRENIA VIRTUAL REALITY

A challenge with teaching health care workers about
schizophrenia is that it is hard for them to understand what
patients feel. This project uses Al in a VR simulation to immerse
the users in a virtual world and help them experience the
symptoms that such a patient might feel. The simulation
features several simple tasks, which the user attempts while
facing challenges associated with schizophrenia, in the form
of visual and auditory hallucinations. Al is applied to the
interactive narrative to allow the storyline to adapt to the
user’s actions, thus increasing the experience’s immersiveness.
Various mental health nursing students tried the experience,

and it was well-received. It managed to increase their
awareness and fostered empathy for people having
schizophrenia. The next phase in this projectis to use it as a
treatment for the actual patients whereby patients can confront
their hallucinations in a safe virtual setting.

PAIN REDUCTION

If the brain is distracted, the perception of pain is decreased
even though the stimulus is still present. The idea of distraction
as a pain management technique is not novel, and there are
several case studies where this was proven to reduce pain
perception by up to 50%. VR headsets distract children during
routine painful procedures and treatments.

In the UoM’s Morpheus project, the researchers are using
biosensors like smartwatches to read biological information.
This data will make the VR experience change and adapt in
real-time, in relation to what the patient is feeling. If a patient
is bored, the game will become exciting. If he is anxious, it
slows down and becomes more calming. The initial results
have shown that the VR experience is much more effective
and reduces the pain felt without the need to resort to
any medication.

CANCER DETECTION

Another project which was due to start a few years back uses
Al to detect abnormalities in radiographs. The idea was to
analyse the imaging data and point radiologists at potential
abnormalities. This project would speed up their work
drastically and increase their accuracy since some cancers can
be easily missed even with the trained eye. In keeping with
this, an article published in Nature in 2020, on the application
of Al in breast cancer screening, reported a reduction in both
false positives and false negatives, when compared to standard
radiologist screening.! This result does not mean that an Al will
replace a doctor any time soon. However, it is an opportunity
for any doctor to get a second opinion of his diagnostics in no
time and at a meagre cost, thus further reducing the human
error rate. This project was the brainchild of Professor Aaron
Casha, a brilliant surgeon and visionary who sadly died last
year. Unfortunately, the project died with him too.

CONCLUSION

As one can see, the ongoing projects are various, and they
touch with all areas of health. Probably there are many other
projects which we are not listing here! This list was just a
selection to celebrate the researchers involves and to showcase
their novelty. These researchers go to great lengths to secure
funding, find partners, work on the project, and keep it going
after the funds dry out. However, the medical and tech worlds
are still far apart. So when an idea brews, take the first step,
reach out to the various researchers, and turn it into reality.
After all, these innovations are essential to make the lives

of people better.
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MEDICAL IMAGING

DR PIERRE VASSALLO

Imaging Tumours
of the Ovary

Part 1

The ovary is the site of several different
tumours because it contains many
different cell types and due to its
proximity to the fallopian tube.! While
most ovarian tumours are benign or
borderline, ovarian cancer is the second
most common gynaecologic malignancy
and the fifth most common cause of
death in women.?

The ovary is composed of a connective tissue stroma,
which in premenopausal women, contains ovarian germ
cells called oocytes. Oocytes vary in number based

on the patient's age. They are surrounded by a layer

of granulosa cells and an outer layer of thecal cells.

The surface of the ovary is lined by a special layer of
epithelium known as ovarian surface epithelium; the
proximal (fimbrial) end of the fallopian tube lies close to
the ovarian surface epithelium.?

Despite having ligamentous attachments to the
uterus, fallopian tube and pelvic wall, the ovary is mobile
within the peritoneal cavity. These ligaments act as
passageways for the spread of cancer.

Ovarian tumours can be broadly divided into four
main groups: epithelial cell, germ cell, sex cord stromal
and metastases.

Epithelial tumours are the most common group of
ovarian tumours with benign serous cystadenoma being
the most common tumour overall accounting for 30% of
all ovarian neoplasms. On the other hand, high grade
serous adenocarcinomas (HGSCs) are the most common
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subtype of malignant ovarian tumours, most commonly
seen in women over 61 years of age and constituting the
most common cause of death from ovarian cancer.
While a histologic diagnosis that is based on tissue
biopsy is required for further management, diagnostic
imaging provides important information on the most
likely tumour type as well as tumour size and spread.
This data is needed to guide pre-operative management
including surgical planning and to monitor the
impact of treatment.

HISTOLOGIC SUBTYPES OF OVARIAN TUMOURS
Ovarian epithelial tumours do not contain cells that
resemble any of those normally present in the ovary.
Thus, ovarian epithelial tumours are not truly primary.
There is considerable evidence that shows that serous
epithelial cells slough off from the fimbriated end of the
fallopian tube and enter the ovary through the site of
rupture of its surface that occurs during ovulation; this
collection of fimbrial epithelial cells inside the ovary is
called an epithelial inclusion cyst.* In keeping with the
above, there is strong evidence that HGSCs arise from
sloughing off of malignant cells from the fimbriated end
of the fallopian tube.®

The origin of mucinous epithelial tumours is less well
understood, but recent studies have suggested that they
may originate from pluripotential cells present in ovarian
teratomas or Brenner tumours.®

Endometroid and clear cell epithelial tumours appear
to arise from retrograde menstruation within endometrial
implants or endometriomas.

Germ cell and sex cord stromal tumours are true
primary ovarian tumours that originate from primitive
germ cells, sex cord and stromal cells of the ovary.
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Figure 1. Transvaginal US image shows
claws of normal ovarian tissue (arrows)
surrounding a small ovarian tumour (serous
cystadenoma).

Figure 2. CT Scan showing a low
grade serous carcinoma (LGSC) (white
arrows) with thick cyst walls (arrowheads)

and ascites (*).

Metastases reach the ovary from other organs through
haematogenous, lymphatic, or direct spread; they
originate mostly from the gastrointestinal tract, breast,
lungs, and contralateral ovaries.

CLINICAL FINDINGS, RISK FACTORS AND TREATMENT
Smaller benign ovarian tumours are often discovered
incidentally during routine imaging studies. Larger
malignant and mostly epithelial type tumours present
with bloating, pelvic/abdominal pain, satiety and urinary
urgency and frequency. Epithelial tumours are more
common in older women, while germ cell tumours are
more often seen in younger women.

Risk factors for epithelial tumours include older age,
obesity, a history of colorectal cancers, and familial
cancer syndromes (BRCA1, BRCA2, Lynch syndrome
and Peutz-Jeghers syndrome) and fertility treatments.
Smoking is a risk factor associated with mucinous
tumours. A genetic predisposition is seen in up to 25% of
ovarian cancers.

Since the risk for ovarian cancers is high in those with
genetic predisposition, screening with transvaginal US
and cancer antigen 125 (CA-125) as well as prophylactic
salpingo-oophorectomy have been advocated.’

Treatment is based on tumour stage (International
Federation of Gynaecology and Obstetrics - FIGO
system). Large tumours are surgically debulked and
then treated with adjuvant chemotherapy. Neo-adjuvant
chemotherapy may be used with extensive disease
to induce reduction in tumour size prior to surgery.
Monitoring of CA-125 levels allows disease surveillance
with most types of tumour.
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Figure 3. T1 weighted fat saturated pre- (A) and
post-contrast (B) MRl images show a complex
pelvic mass with solid components (arrows)
that shows strong contrast enhancement (B).
The T2 weighted image (C) depicts ascites (*)
and peritoneal metastases (white arrow).

IMAGING OVARIAN TUMOURS

US, MRl and CT are all useful and offer complementary
information for detecting ovarian tumours and
assessing their extent; it is normal to employ at least
two of these modalities (usually US and MRI) in pre-
operative management with CT being used for post-
operative follow-up.

Transvaginal US is particularly useful as the first
imaging modality and for assessment of smaller
ovarian tumours, while MRI allows further tumour
characterisation and visualisation of the extent of
larger tumours. Transabdominal US allows preliminary
assessment of the extent of large tumours, but MRI
is the imaging modality of choice for large lesions.!
Colour and greyscale Doppler US is useful for assessing
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Figure 4. Transvaginal US of an LGSC
appearing as complex ovarian tumour with
abundant colour flow on Doppler imaging.

Figure 5. Transvaginal US showing a
serous cystadenoma presenting as a
unilocular cyst with thin walls; no mural

Figure 6: CT scan showing HGSC
metastases in the liver (arrows).

nodules or papillary projections are
evident. This tumour type may also
present with multiple cysts; however these
should exhibit thin walls (arrow) with no
mural nodules, papillary projections, or

septal vascularity.

tumour vascularity and ovarian torsion that may occur
secondarily with an ovarian mass.
Ovarian imaging should confirm the ovary as the

organ of origin of the tumour and whether the tumour is

most likely benign, borderline, or malignant.

Smaller tumours may show a rim or claw of normal
ovarian tissue around them, which will confirm that they
are of ovarian origin (Fig 1). With larger tumours, the
ovary itself may not be visible; its ovarian origin can

only be established through its proximity to the bladder,

uterus and bowel (Fig 2). An ovarian vein seen entering
the tumour on CT or MRl scans also helps to identify its
ovarian origin.

MRI allows better soft tissue characterisation; it
also helps confirm suspected ovarian torsion. CT is
useful as a rapid and accurate test for detecting fat
and calcification within the tumour and for monitoring
the impact of therapy in reducing tumour size. CT is
also useful for detecting complications such as bowel
obstruction and rupture.”

US findings that point towards a malignant ovarian
tumour include large tumour size, multilocular lesions,
papillary projections, irregular inner wall or irregular
septa, solid tumour components (Fig 3) and blood
flow with the lesion (Fig 4). Patients with lesions that
demonstrate these features should be referred for
gynaecological consultation.

Indeterminate lesions, such as complex lesions or
those whose origin cannot be identified with certainty,
should be further assessed with MRI. The presence
of fat, haemorrhage or fibrous components within an
ovarian tumour can be detected with MRI.

For staging of ovarian cancer, CT is the examination
of choice since bowel motion and respiratory artifacts

tend to limit the usefulness of MRI particularly

for detecting peritoneal metastases. Peritoneal
metastases measuring less than 5mm in diameter

are not visible on CT particularly when they lie on the
bowel surface or on the mesentery. CT is particularly
useful for pre-operative staging, for restaging after
debulking surgery and to detect complications such as
intestinal obstruction.?

Epithelial Tumours

Epithelial tumours are classified as benign, borderline,
or malignant based on histologic features that

include extent of epithelial cell proliferation, degree
of nuclear atypia and the presence or otherwise of
stromal invasion.

Benign epithelial tumours typically present as
unilocular cysts lined by a single layer of epithelium
(Fig 5). Borderline tumours do not show evidence of
invasion but may exhibit peritoneal spread. Malignant
epithelial tumours may be low or high grade; low
grade tumours are thought to arise from borderline
lesions, with low grade malignant tumours showing
stroma invasion.

Serous epithelial tumours are the most common
ovarian neoplasms followed by mucinous epithelial
tumours. Benignand borderline serous epithelial
tumours, and low grade serous adenocarinomas are
considered different entities from high grade serous
cystadenocarcinomas. While mucinous cystadenoma,
borderline, and mucinous adenocarcinomas
are considered to be a continuum of the
same tumour class.

The distinguishing feature between epithelial
inclusion cysts and unilocular serous cystadenomas



is size, where the latter measures >1cm in diameter.

In patients who are still ovulating, a unilocular cystic
lesion measuring >1cm in diameter is indistinguishable
from an ovulating follicle. In this situation, a repeat
endovaginal pelvic US after 6 weeks should be
performed. Persistence of unilocular cyst on follow-up
imaging would distinguish a serous cystadenoma from a
functional ovarian cyst (follicle).

Serous epithelial tumours are commonly bilateral,
while mucinous tumours are mostly unilateral.
Borderline and malignant serous tumours may show
early peritoneal spread, while mucinous borderline
and malignant tumours tend to remain confined
to the ovary unless they rupture, which can lead to
pseudomyxoma peritonei.

Imaging features of epithelial tumours that point
towards a borderline or malignant tumour include
mural nodules, papillary projections, enhancing non-
fatty and non-fibrous solid components, septa that are
3mm or more in thickness and septal vascularity. Large
lesions and the presence of peritoneal or nodal spread
are also indicative of a borderline or malignant lesion.
Distant organ metastases are more commonly seen with
HGSCs (Fig 6).

CONCLUSION

The above article introduced important clinical and
imaging facts relating to ovarian tumours and discussed
mainly serous epithelial tumours, the most common
histologic subtypes. Part 2 of this article will present
mucinous epithelial, germ cell, and sex cord stromal
tumours as well as metastases.
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