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on 29 March 2017, the European Council received the notification 
by the UK of its intention to withdraw from the EU. This set in 
motion a chain of events within the pharmaceutical industry, 

amongst other things. Contingency plans by industry, academia 
and specific member states have kicked in with a view to address 
any foreseeable regulatory challenges, primarily medicine shortages 
together with any associated price hikes. An unexpected twist in the 
Brexit drama is the expected significant loss of 30% in the European 
Medicines Agency’s workforce owing to its relocation to Amsterdam 
by 29 March 2019, when the United Kingdom withdraws from the 
EU. Although this may well mean a golden career opportunity for 
some, as from 1 August 2018 it has also resulted in a reduction of 
regulatory services offered by the Agency. Interestingly, the European 
Medicines Agency’s lease of its London headquarters, 30 Churchill 
Place in Canary Wharf, does not expire until 2039 and there is no 
early break clause. It is understood that EMA pays around €14m each 
year for rent and has an outstanding liability for the remainder of the 
term of approximately €400m (including service charges).

As highlighted in a recent article, Can Registration Procedures of 
Pharmaceuticals Inadvertently Contribute to Off-Label Prescribing in 
Children?1 published in 2016, one of the regulatory challenges faced 
by Malta is that a high number of medicine registrations rely on 
article 126(a) of Directive 2001/83/EC. Article 126a states that ‘‘in 
the absence of a marketing authorisation or of a pending application 
for a medicinal product authorized in another Member State in 
accordance with this Directive, a Member State may for justified 
public health reasons authorise the placing on the market of the said 
medicinal product.’’ The authors found that as of 2016, 1877 out of 
5025 medicines (37%) available on the Maltese market had a valid 
article 126a licence. Further to this, 1705 out of 5025 medicines (34%) 
authorized in Malta had a marketing authorization holder registered 
in the UK. In keeping with this, the Maltese Medicines Authority is 
currently advising suppliers to identify alternative source countries 
in the EU in lieu of the UK; repackaging of the medicinal product 
should be performed if the pack is not available in English/Maltese 
language. Obviously this could lead to rising costs of medicines 
because of any added costs for those UK-registered products which 

are retained on the local market, but also possibly due to decreased 
market competition for specific active ingredients following any UK 
registration cancellations.

In order for medicines to be imported and distributed within the 
EU, medicinal products need to be quality control-tested and released 
by a qualified person [QP] inside the EU [with the exception of 
products from Switzerland, where the testing done in Switzerland can 
be accepted; in this case you still need a QP release inside the EU]. 
Following Brexit, for those UK products remaining on our market, 
these will now need, as a minimum and assuming that the UK can 
negotiate an MRA similar to Switzerland’s, an additional QP release 
inside the EU. Indeed, at least in the few months succeeding Brexit, 
this scenario can impact the access to UK medicines within the 
EU, including Malta, because of the additional quality control steps 
needed for release. Having said this, last August the UK Government 
officially reassured stakeholders that if there is a no-deal, the UK will 
continue to accept batch tests carried out in the EU, EEA countries 
and those third countries with which the EU has an MRA.

Further to this, Sanofi, AstraZeneca, Novo Nordisk, Novartis 
& MSD [as well as the UK’s NHS] have stated that they will 
stockpile medicines for a number of weeks in preparation for a 
hard Brexit. This follows a call from EMA, the Association of the 
British Pharmaceutical Industry, and the BioIndustry Association 
who advocated preparedness for the possibility of an interruption 
in medication supplies. In keeping with this, one must also 
mention the fact that the perception that access to UK medicines 
may be affected, as well that their price may increase, could lead 
to a scenario where Maltese patients start to stockpile medicines 
sourced from the UK. It would be reassuring and appreciated if 
stakeholders within the pharma industry are continuously kept 
updated on the matter by local authorities in a timely manner to 
mitigate any shooting from the hip. 

an island, Brexit 
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deVeloping an agenda

background
Over the last decade, the Maltese health system has faced 
growing common challenges which include (among others) 
issues related to an aging population, as well as economic 
and financial pressures that motivate the pursuit of potential 
solutions for a more efficient, accessible, innovative and 
equitable healthcare. Although a strong political and 
public health leadership allowed Malta to make important 
improvements and advances to its health system over the last 
years, there are still problems that need to be addressed at 
the national level. According to the Hit Report published by 
the European Observatory on Health Systems and Policies 
(2017),1 in Malta, there is the need to adapt the health system 
to an increasingly growing and diverse population, namely 
building capacity, allowing a more efficient distribution of 
scares resources, strengthening primary care and mental 
health, improving information systems, reducing access to 
medicine obstacles, and addressing challenges related to the 
sustainability of healthcare.2,3

To address the current challenges, there is a necessity for 
research evidence on our local health services, in order to identify 
and implement more effective and sustainable ways to organize, 
manage, finance, and deliver high quality care to persons living 
and working in Malta. For this purpose, a National Round Table 
Consultation meeting was held in Malta to obtain feedback from 
health stakeholders coming from different sectors and to identify 
most urgent challenges and priorities of the national health 
system, as well as gather suggestions to address the current issues.

Methodology
The Malta National Round Table Consultation on Health 
Services Research took place on 14 December 2017 at the 
Valletta Campus of the University of Malta. It was organised 
by the Department of Health Services Management within 
the University of Malta in collaboration with the Directorate 
for Health Information and Research within the Ministry for 
Health, as part of the HORIZON 2020 EU project “Transfer of 

for future health serVices 
research in malta

puBlic health

abstract
The Maltese health system is undergoing a period of change 
and transformation. This is partly in response to the changing 
socio-economic environment within the country. Planning and 
delivering adequate and appropriate health services necessitates 
that relevant local research on the health system takes place. In 
order to identify the top priorities for the Maltese health system, 
a National Round Table Consultation was organised by the 
Department of Health Services Management at the University of 
Malta and the Directorate for Health Information and Research on 
the 14 December 2017. This was conducted within the framework 
of the HORIZON 2020 EU project “Transfer of Organisational 
Innovations for Resilient, Effective, equitable, Accessible, 
Sustainable and Comprehensive Health Services and Systems (TO-
REACH)”, setting a future research agenda for health systems in 
which 28 partners from 20 countries are participating. 

45 stakeholders from academia, the public service, private 
sector and NGOs attended and participated in the round table 
meeting. Reports from interactive workshops were collated and 
compiled into an overall report. Document analysis using a 
structured health systems analysis framework was carried out.

There was broad consensus on several priorities and challenges 
that health systems are facing today at both national and European 
levels. Access to health services and universal health coverage 
were identified as key research priorities. Furthermore, it was felt 
that particular attention should be devoted to research on health 
workforce planning and on the effects of the implementation of 
new technologies within health systems (including digital health 
and social media). Research on hospital leadership and governance 
within the changing health system context was also identified as 
important. Local stakeholders believe that better collaboration 
and networking between countries would be beneficial for the 
sustainability of the national health sector. As a way forward, 
knowledge gaps should be bridged through the collection/collation 
of evidence gathered through research conducted within the 
Maltese health system, leading to a more solid, efficient, evidence-
based and responsive national health system.
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broad priority topics sub-topics specific focus
level 

concerned

ac
ad

eM
ia

Health integration and coordination •	 Health systems challenges
•	 Sociodemographic challenges
•	 Profile of burden of disease

•	 Needs of future audience for: ageing population, migrants, DM 
screening, neurodegenerative diseases, diabetes and obesity

•	 Integration of health and social care services; minimisation of 
fragmentation of care; improvement in efficiency and effectiveness of 
services

•	 HR and clinical leadership development through capacity building
•	 Person-centred care
•	 Disinvestment agenda

Na
tio

na
l a

nd
 E

U Health promotion and prevention •	 Health services gaps •	 Healthy lifestyle promotion
•	 Health education

Research •	 Health services gaps •	 The practical use of University research
•	 Multi-sectoral government approach and interdisciplinary research
•	 Strategy for communicating research priorities without being 

overwhelming
•	 Patient participation in research

IT, innovation and use of data •	 Health systems challenges
•	 Health services gaps

•	 Joint procurement of medicines/services/technologies
•	 Digital health & social media
•	 Misinformation

European integration •	 Health services gaps •	 European collaboration in research

Empowerment and health democracy •	 Health systems challenges
•	 Sociodemographic challenges

•	 Feminisation of the health service
•	 Gender-issues

pu
bl

ic 
se

ct
or

Health integration and coordination •	 Health systems challenges 
•	 Sociodemographic challenges

•	 Obesity, including in children, population ageing, migrants, mental 
health, diabetes, sexual health, oncology, cardiovascular diseases

•	 Decentralisation from secondary to primary care
•	 Prioritising health requirements
•	 KPIs for hospitals
•	 Patient safety and quality of care
•	 Disinvestment agenda
•	 Primary care gaps
•	 Inter-sectoral collaboration

Na
tio

na
l a

nd
 E

U
 

Health promotion and prevention •	 Health services gaps •	 Sexual health education (health promotion and prevention)
•	 Employees wellbeing
•	 Improving employees’ skills
•	 Health prevention

Research •	 Health services gaps •	 Evidence-based practice
•	 Citizen expectations and market research
•	 Strategy for communicating research priorities
•	 Interdisciplinary collaboration in academia
•	 Knowledge transfer - private to public and vice-versa

IT, innovation and use of data •	 Health systems challenges
•	 Health services gaps

•	 Data availability and accessibility
•	 New technologies
•	 Joint procurement of medicines/services/technologies
•	 Insufficient use of existing health data

European integration •	 Health services gaps •	 European Reference Networks

Empowerment and health democracy •	 Health systems challenges
•	 Sociodemographic challenges
•	 Profile of burden of disease

•	 Bridging inequalities
•	 Skills to meet needs and address gaps
•	 Housing poverty
•	 Needs of minority groups (migrants, men who have sex with men, etc.)

table 1
health systeMs priorities at national and european level 

During the discussion, the following questions were addressed 
by participants: i) Which are the most important priorities for 
health systems research within Malta and which challenges will 
they help to address?; ii) What are the research priorities/projects 
for which we see added value in organising health systems research 
at a European level? iii) Which are the key criteria that need to be 
satisfied to ensure effective and appropriate transfer of innovation 
between health systems in different countries?

Organisational innovations for Resilient, Effective, equitable, 
Accessible, Sustainable and Comprehensive Health Services and 
Systems (TO-REACH)”.

45 stakeholders from different backgrounds (namely 
academia, the public service, private sector and NGOs) 
participated and they were divided into three working groups 
and asked to propose and discuss a list for health services 
research priorities at both a national and EU level. 
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Reports from the interactive workshops were collected and 
compiled into an overall report. Document analysis using a 
structured health systems analysis framework4 was carried out. 
Data were further processed and analysed with the support of 
NVivo 11 Software.

results
Table 1 illustrates the results from the discussion workshop on 
research priorities and challenges that need to be addressed by 
the Maltese health system at both national and European level. 
The initial results presented here arise from a thematic analysis of 
the discussions that took place within stakeholders from different 
sectors (academia, public sector, private sector, and NGOs).

conclusion
The priorities listed in Table 1 suggest that easier access to funds, 
workforce mobility among health professionals, collaboration and 
networking between EU countries, and industry involvement in 
health research are the main expectations from a future programme 

of organised Health System Research both at national and EU level. 
Moreover, access to health services and healthcare coverage deserves 
particular importance specifically with regards to marginalised and 
minority groups of the population. The role of new technologies and 
digital health was perceived as a fundamental asset, which needs 
to be further developed in order to provide innovative solutions, 
considering the rapid and continuous technology advances.

The main challenges and priorities of the Maltese health 
system are related to health integration and coordination, 
intersectoral collaboration, health promotion and prevention, 
health education, research implementation, innovation, IT and 
digital health implementation, data management, European 
integration, empowerment, and health democracy. 

The Maltese national health system, as well as other European 
health systems, should take into account the priority issues that 
emerged from this workshop so as to spearhead improvement 
of the health services sector. The aim is to attain more efficient, 
equitable, responsive and sustainable health systems, as well as to 
strengthen gaps and weaknesses within the service delivery. 

pr
iva

te 
se

ct
or

Health integration and coordination •	 Health systems challenges
•	 Sociodemographic challenges
•	 Health services gaps

•	 Improving employees’ skills
•	 Disinvestment agenda
•	 Person-centred care
•	 Delays of care
•	 Duplication of services
•	 Accountability

Na
tio

na
l a

nd
 E

U
 

Health promotion and prevention •	 Health services gaps •	 To prepare new parents for their new role
•	 Personal wellbeing education
•	 Mental and emotional health
•	 Population ageing, diabetes, obesity, mental and emotional health
•	 Social determinants of health

Research •	 Health services gaps •	 Training of healthcare staff - evidence-based research on training to 
render it effective and efficient

•	 Knowledge transfer - private to public and vice-versa
•	 Citizen expectations and market research
•	 Cancer research
•	 To create exchange possibility with foreign research groups
•	 Strategy for communicating research priorities
•	 The practical use of University research
•	 Evaluation of research 

IT, innovation and use of data •	 Health systems challenges
•	 Health services gaps

•	 Digital health
•	 Data management
•	 To create public-private network to share information solutions

Empowerment and health democracy •	 Sociodemographic challenges
•	 Profile of burden of disease

•	 Decrease health inequalities
•	 Decrease barriers to accessibility
•	 Person-centred care
•	 Family wellbeing

ng
os

Healthcare pathway, integration and 
coordination

•	 Health systems challenges
•	 Sociodemographic challenges
•	 Health services gaps

•	 Availability of medicines and ability to include new medicines in publicly 
funded formularies

•	 Mental health, patient safety, migration, poverty studies, tobacco 
consumption

•	 Role of NGOs in Health systems challenges
•	 Inter-sectoral collaboration
•	 Improving employees’ skills 
•	 Health expenditure
•	 Implementation science in healthcare
•	 Capacity building
•	 Quality of care
•	 Prioritising health requirements

Na
tio

na
l

Communication and use of data Health services gaps •	 Lack of data on medications usage
•	 E-Health
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about the to-reach project
The To-reach project is financed by the EU 
Horizon 2020 programme. The project’s 
multidisciplinary consortium includes 28 
partners from 20 countries including EU 
member states, Norway, Canada, Israel 
and the US, and it covers research funders, 
policymakers and the research community. 
Its main goal is to prepare a joint European 
research programme aimed at producing 
research evidence supporting healthcare 
services and systems to become more resilient, 
effective, equitable, accessible, sustainable and 
comprehensive. Thus, To-reach is focused 
on setting out clearly what needs to be done 
in terms of the future Health Services and 
Systems Research agenda, with the objectives 
of: i) identifying common challenges and 
organizational needs across Europe; ii) 
proposing possible solutions to improve health 
systems performance; and iii) identifying 
the most effective ways to organize, manage, 
finance, and deliver high quality, sustainable, 
and equitable care to citizens.

Details of the To-reach initiative are 
available at https://to-reach.eu/ and https://
twitter.com/toreachEU.
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Dr Michelle (k/a Mikhaila) Muscat is a medical 
doctor in chemical pathology with extensive 
experience in clinical biochemistry. She is the creator 
and lead of ‘Unraveling Chemical Pathology-UCP’, 
which aims at promoting interest and understanding 
of chemical pathology-related topics, as well as 
organising other related activities. 

Dr Muscat holds many relevant postgraduate degrees, including a 
postgraduate diploma, an MSc which was awarded with distinction, a PhD, 
and passed both the MRCS and FRCPath examinations.  She has worked 
in hospitals in both Malta and the UK. She taught clinical biochemistry to 
medical students at the University of Malta between 2012 and 2107 and gave 
a guest lecture in Ireland this April to an MSc in Clinical Chemistry class. 
In 2017 she won the Furness Prize for Science Communication organised 
by The Royal College of Pathologists of England for sustained excellence in 
science communication. This was the first instance where a Maltese doctor was 
awarded this UK science communication prize.
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the pitfalls of
immunohistochemistry

short accounts of interesting cases, soMe Medical 
disasters, involving pathology and clinical practice, 
froM the recollection of prof. albert cilia-vincenti.

this is 1996. I had returned to a consultant histopathologist’s 
post at St Luke’s Hospital the year before, and had become 
acquainted socially with a Maltese commercial lawyer and 

his ex-pat wife. Shortly afterwards, he informed me that his wife 
hasn’t been well and that Dr Mario Vassallo had just performed 
a private gastroscopy, was worried she had something serious 
and whether I would mind looking at the biopsy material. Mario 
Vassallo found a large gastric ulcer with rolled edges, practically 
diagnostic of a carcinoma. Fortunately the histology showed a 
low grade lymphoma of “mucosa-associated lymphoid tissue” 
(MALT) type, which carried a far better prognosis. 

The biology of MALT lymphoma had been worked out by 
Peter Isaacson in Dennis Wright’s histopathology department in 
Southampton. He had also elucidated the intestinal high grade 
T-cell lymphomas that might complicate gluten sensitivity, 
although he had originally described them as intestinal 
histiocytic lymphomas before better immunohistochemical 
cellular diagnostic markers became available. Both these lines of 
research eventually led Peter Isaacson to the chair of pathology 
at University College Hospital in London and to the highest 
accolade in British science – Fellow of the Royal Society.

Professor Isaacson had also found that some low grade 
gastric MALT lymphomas regressed and totally resolved with 
anti-Helicobacter antibiotic therapy, but this course of therapy 
had no effect on the large gastric lesion Dr Vassallo was dealing 

with. The patient’s husband asked me for the histological slides 
as they were visiting their daughter, a medical intern at the 
Memorial Sloan Kettering, New York’s premier cancer hospital, 
where they would seek an oncology opinion.

On their return, the husband informed me that New 
York had not agreed with my diagnosis of low grade MALT 
lymphoma and had recommended a total gastrectomy 
and systemic chemotherapy. When he showed me their 
pathology report, I realised that in spite of the innumerable 
immunohistochemical stains they had performed, they 
issued two reports, one diagnosing a chronic peptic ulcer 
and the other a high grade lymphoma. They had returned 
the slides and paraffin block and I sent them to Professor 
Dennis Wright in Southampton who, like Peter Isaacson, 
was a lymphoma pathologist of world repute. He phoned 
me to ask, “what’s the problem with this low grade MALT 
lymphoma?” He couldn’t believe New York’s interpretation 
of the pathology and the drastic treatment recommended. 
An oncologist from the Memorial subsequently phoned the 
husband to apologise for the mistake. 

I phoned Professor Michael Whitehouse, oncologist 
at Southampton for guidance on treatment and he only 
recommended a six-month low dose course of chlorambucil. 
Her gastric lesion melted away and Mario Vassallo followed her 
up. More than 20 years later she’s remained disease-free. 

medical anecdotes
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focus on

introduction
In 1970, Ben Hesper and Paulien Hogeweg coined the term 
bioinformatics to refer to “the study of information processes 
in biotic systems”. In consequence, bioinformatics was placed 
as a field parallel to biochemistry and biophysics.1 Since then, 
the digital world expanded and the definition of bioinformatics 
took on a whole new meaning. It now combines the fields of 
biology, computer science, engineering, mathematics, and 
statistics to decipher biological data and make sense of it in 
translational research.

Over the past decade, the advent of high throughput or 
next generation sequencing (NGS) has accelerated the rate at 
which genes and co-regulated gene networks are discovered. 
Indeed, a vast amount of data is now available, in particular 
from the completion of the human genome project in 2003. 
Together, this data is being used to modulate disease outcome, 
predisposition, and progression.2 For this reason, the science of 
clinical bioinformatics has become one of the fastest growing 
areas of development within the healthcare environment. It is an 
important component in laboratories that generate and interpret 
data from molecular genetics testing. Overall, the aim of clinical 
bioinformatics is to address the challenges in initial diagnosis, 
prognosis, and therapies of patients3 with diseases such as cancer, 
neurodegenerative and psychiatric disorders, amongst others.

cancer
In clinical medicine, it has become apparent that there is a need 
to develop and introduce advanced and new bioinformatics 
methodologies to answer the specific question of cancer.4 
In order for cancer bioinformatics to be effective, the tools 
must thus concentrate on the communication, metabolism, 
proliferation, and signalling of the disease. In particular, 

cancer bioinformatics is expected to have a significant role in 
the identification and validation of biomarkers. For example, 
one of the strategies is to evaluate and monitor biomarkers at 
different stages and time points during cancer development. 
Identified as dynamic network biomarkers, these markers should 
compare with clinical informatics, such as patient complaints, 
history, symptoms, and therapies. In addition, these biomarkers 
should also correlate to biochemical analyses, imaging profiles, 
pathologies, physician’s examinations, and other measurements.5

For instance, through a genetic screen of hepatic cellular 
carcinoma, Sawey et al.6 discovered that a common alteration in 
liver cancer (11q13.3 amplification) causes the activation of the 
fibroblast growth factor 19 (FGF19), a hormone that regulates 
bile production with effects on glucose and lipid metabolism. In 
turn, through subsequent bioinformatics analysis with mouse 
models and RNAi, it was found that activation of FGF19 results 
in selective responsiveness to FGF19 inhibition. Therefore, 
Sawey et al. propose for the 11q13.3 amplification to be used 
as a biomarker for patients who, in all likelihood, will respond 
to anti-FGF19 therapies. In a somewhat similar approach, 
Baert-Desurmont et al.7 revealed that a combination of single 
nucleotide polymorphisms (8q23, 15q13 and 18q21 SNPs) could 
explain an increased risk for colorectal cancer.

Using genome-wide screening methods, aberrant expression 
profiles of microRNAs (miRNAs) have also been identified in 
human cancers, thus revealing their potential as diagnostic and 
prognostic biomarkers of cancer.8 Now, in order to infer the 
regulatory processes of miRNAs, bioinformatics approaches 
are fundamental. For example, Laczny et al.9 developed a 
comprehensive and integrative tool, called miRTrail, to generate 
reliable and robust data on deregulated pathogenic processes 
which could offer insights into the interactions between genes 

clinical implications
of Bioinformatics
dr alfred grech & dr Michael balzan 

abstract
Over the past decade, the science of clinical bioinformatics has become one of the fastest growing areas of research and development within 
the healthcare environment. Indeed, the job of a bioinformatician has become an integral part of research laboratories. In particular, clinical 
bioinformatics aims to address the challenges in diagnosis, prognosis, and therapies of patients with diseases such as cancer, neurodegenerative 
(e.g. ALS, Alzheimer’s and Parkinson’s disease), allergic (e.g. asthma), and psychiatric disorders (e.g. depression), amongst others.
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and miRNAs. In fact, the use of miRTrail on melanoma samples 
demonstrated how this platform opened new avenues for 
investigating a wide range of diseases, including cancer.

In clinical practice and medical research, medical image 
processing facilitates the accurate, initial detection and diagnosis 
of cancer. Indeed, medical imaging - imaging in clinical pathology, 
nuclear magnetic resonance imaging, positron emission 
tomography, and ultrasonic computed tomography - is one of the 
most important factors in the application of cancer bioinformatics. 
Kimori et al.10 for instance, used a mathematical morphology-based 
approach to enhance fine features of a lesion with high suppression 
of surrounding tissues. Here, the effectiveness of the method was 
evaluated in terms of the contrast improvement ratio as applied 
to three kinds of medical images: a chest radiographic image, a 
mammographic image, and a retinal image.

Overall, the aim of cancer bioinformatics is to continue 
developing tools so that the right treatment is provided to the 
right patient at the right time, based on the characteristics of 
each patient’s tumour; in other words, tailored bioinformatics.

neurodegenerative diseases
It is known that the economical and societal costs of 
neurodegenerative diseases are accelerating. Therefore, there 
is a demand to find new solutions to resolve the situation.11 
However, having said that, progress in this area has proved to be 
challenging. In part, this is because the cause of diseases such 
as Alzheimer’s (AD) or Parkinson’s disease (PD) is not known, 
making them difficult to understand.12 In addition, while 
understanding these diseases on a molecular level could lead 
to the development of better biomarkers and treatments, the 
enormous amount of data involved renders it an arduous task. 
For this reason, bioinformatics approaches are used to manage 
data from high-throughput technologies, pushing forward the 
frontiers of this field.

In regard to late onset AD and PD, both have an obvious 
genetic component, however, their genetic architecture is 
complex, with just a few, constant, associated risk factors. It 
is therefore possible that undiscovered AD and PD-related 
genes exist. Kim et al.13 using biomedical text mining, were 
able to pinpoint genes that have a direct relationship with both 
neurodegenerative diseases. In another approach, Hofmann-
Apitius et al.12 developed a bioinformatics and modelling 
method based on patient data available to the public. Here, the 
work presented was driven through AETIONOMY, a public- 
private partnership between the European Union and the 
pharmaceutical industry association EFPIA.

ALS, short for amyotrophic lateral sclerosis, is another 
neurodegenerative disease, but one that affects nerve cells in 
the brain and the spinal cord. To date, there is a vast volume 
of data capturing this motor neurone disease. In consequence, 
there is a corresponding need for storage and interpretation. 
In keeping with this, Abel et al.14 presented an ALS online 
bioinformatics database (ALSoD) combining genotype, 
phenotype, and geographical information with associated 
analysis tools. Likewise, PRO-MINE (PROtein Mutations 
In NEurodegeneration)15 is a database describing all TDP-

43 disease mutations identified up to now; TDP-43 is a 
multifunctional RNA-binding protein found in AD, ALS, and 
also frontotemporal lobar degeneration. 

allergic and psychiatric disorders
In 2008, TIME magazine named 23andMe the invention of 
the year. 23andMe provides a home-based saliva collection kit 
that decodes the genomic DNA of adults and interprets their 
genetic health risks, with results accessible online. In particular, 
it tests for ten diseases, including AD, PD, and some rare blood 
diseases. It is important to note that the 23andMe kit describes 
if an individual has a higher risk of developing a disease but 
it is not intended to diagnose disease. It is meant to provide 
information that can be used to inform life decisions.

Using the 23andMe gene pool, Hyde et al. 16 discovered 15 
genetic loci associated with a risk of major depression in people 
of European descent. In a similar approach, genome-wide 
analyses for personality traits identified 6 loci with correlations 
to psychiatric disorders.17 In addition, through a multi-trait 
analysis of a genome-wide association study, Turley et al.18 
identified loci for depressive symptoms, neuroticism, and 
subjective well-being. Using this 23andMe gene pool, scientists 
have also discovered that asthma, eczema and hay fever share 
a genetic origin, in part due to shared genetic risk variants that 
dysregulate the expression of immune-related genes.19 

conclusion
Overall, clinical bioinformatics is the critical step to discovering 
and developing new diagnostics and therapies for diseases. Here, 
we described cancer, neurodegenerative and psychiatric disorders, 
however, bioinformatics has been used in other disorders as well, 
such as acute rejection after renal transplantation20 and lung 
diseases.21 In addition, bioinformatics has been used in studies 
of model organisms such as Saccharomyces cerevisiae (yeast), 
Drosophila melanogaster (flies), and Mus musculus (mice), which 
in turn shed light onto non-model organisms such as humans.

It is evident that bioinformatics will continue to push the 
boundaries of medicine and shape clinical testing for the future. 
Just like microscopes, computers have become a requirement, 
and the job of a bioinformatician is now an integral part of 
research laboratories and also in the clinical setting. In the 
future, success will depend on improved analytics, annotations, 
software to deliver this information, and systems to capture the 
realised knowledge.22 
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blurb
The journey in Embryoland is truly an amazing odyssey. And, this beautifully illustrated 
narrative offers readers, young or old, an incredibly imaginative journey to their own 
beginnings. Biology informs us about the researched scientific system of facts as to what 
happens for a new little body coming to life. The authors and the artist have managed to create a vibrant living vision of every 
human being conceived, grown, developed and matured over the nine months before being born. The intricate fascinating 
science of embryology is explained through this story recounted by the child herself as she is musing and dreaming about 
her own beginnings. This book has been written for any child, parent, educator or healthcare professional, who wishes 
to understand the journey from conception to birth. While adhering to accurate scientific facts based upon the advice of 
Prof. Jean Calleja Agius from the Department of Anatomy, Faculty of Medicine and Surgery at the University of Malta, 
the story itself has been written by the prenatal psychologist Olga Gouni from Cosmoanelixis Academy in Athens, Greece, 
and embellished by numerous illustrations by a child, Amelie, based on her understanding of the concepts of embryology. 
There is also a section at the end for activities and games related to embryology. This book has been ‘conceived’ as part of 
the COST Action ISI405: Building Intrapartum Research Through Health - an interdisciplinary whole system approach 
to understanding and contextualising physiological labour and birth (BIRTH) , and is intended to disseminate knowledge 
related to human conception, embryo development and birth to the general public, including children! 

once upon a time in emBryoland
Olga Gouni (Author, Editor)   |   Jean Calleja Agius (Author)   |   Amelie Calleja (Illustrations)
Price: €22   |   Published: On Amazon’s CreateSpace Independent Publishing Platform in 2018

Blurb reproduced tale quale, as received by Prof. Jean Calleja Agius. Book available from: www.amazon.co.uk  
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alkaptonuria
from Bench to Bedside - and Beyond

meeting people

dr Michelle Muscat meets mr reece edmends, the Administration 
and Communications officer of the Alkaptonuria Society 
based in Cambridge, UK.
Alkaptonuria is also known as black bone disease, 

a disorder affecting the metabolism of tyrosine and 
phenylalanine, where homogentistic acid accumulation occurs 
in connective tissue (ochronosis). In the young the disease 
may be asymptomatic, with the main finding being urinary 
discoloration when left standing with symptoms such as joint 
pains starting to develop as they grow older. In alkaptonuria 
there is homogentistic acid oxidase deficiency. The Egyptian 
mummy Harwa - believed to date back as far as 1500 BC - 
was actually documented to be ochronotic and probably had 
alkaptonuria. Alkaptonuria is an autosomal recessive disorder 
first described by the British doctor Sir Archibald Garrod in 
1902 - interestingly, Sir Archibald served in Malta providing 
medical consultancy to the army during World War One and 
was made Knight Commander (KCMG). 

what are the origins of the alkaptonuria society? 
The AKU Society was founded in 2003 by Robert Gregory, a 
patient at the Royal Liverpool University Hospital, and his doctor, 
Professor Lakshimarayan Ranganath. After both his sons were 
diagnosed with alkaptonuria, social entrepreneur Nick Sireau 
also threw himself into the search for a treatment, becoming CEO 
in 2010 and hiring our first member of staff. Sireau left in 2015 
but returned to the charity in 2017. He now leads a team of four 
staff and is assisted by a six-strong board of trustees, including 
Professor Ranganath. Sadly, Robert Gregory passed away in 2014. 
The NHS-funded Robert Gregory National Alkaptonuria Centre, 
established in Liverpool, is named in his honour. 

do you believe the awareness of alkaptonuria 
has changed along the years? 
Sir Archibald Garrod’s discovery of alkaptonuria in 1902 was 
a landmark in medical history. His definition of an inherited 
disease, attributed to ‘inborn errors of metabolism’, was 
an inspiration for modern genetics. For the next hundred 
years, however, there was little progress. Most patients were 
misdiagnosed. Even those diagnosed were told that they had to 
accustom themselves to a life of crippling pain. Only in the early 
2000s did research begin into finding a treatment. Scientists at 
the National Institutes of Health in Maryland, US, ran clinical 
trials on nitisinone, which had already been licensed for use in 
hereditary tyrosinaemia type 1. The trials failed due to, among 
other things, recruitment difficulties, but those patients who 
were treated reported that they felt better. This inspired us to 
support research on nitisinone back in the UK. 

what was your Most rewarding achieveMent? 
In 2012 we managed to persuade the NHS to establish and fund 
a dedicated National Alkaptonuria Centre at the Royal Liverpool 
University Hospital. This provides assessments and treatment 
for all adults with alkaptonuria in the UK. Patients attend for 
one week each year, getting expert care and off-label access to 
nitisinone. Since 2012, the centre has gone from strength to 
strength. It now serves over 60 patients, up from 21 in its first 
year. The effect of this on patients’ lives is enormous.

can you elaborate on the events which you organise? 
do you secure funding? 
how the association is involved in research?
Each year, we organise at least two patient workshops. These 
allow patients to meet each other, to get updated on the latest 
research, and to get advice on how to manage their condition: 
diet, gait analysis and pain management are particularly popular 
topics. So far, we have organised seven workshops for adult 
British patients, two workshops for international patients, and 
one for children at the London Zoo. The events are free to attend 
and would not be possible without our community fundraisers 
and the generosity of private charitable trusts. We also organise 
an annual academic conference for researchers and clinicians to 
discuss advances in the field.

We are also the driving force behind the DevelopAKUre 
international clinical trials into nitisinone, which we believe 
treats alkaptonuria. In 2012, we put together a multi-national 
consortium which won a grant of six million euros (and seven 
million euros in co-financing) from the European Commission’s 
FP7 programme. The trials, which are being carried out in 
Britain, France and Slovakia, are now at their final stage and 
will finish next year. If the results are good, we will apply for a 
marketing authorisation with the European Medicines Agency. 

From left, Reece Edmends, Nick Sireau, and Ciarán Scott [clinical trials officer] 
at the EURORDIS European Conference on Rare Diseases and Orphan Products 
in Vienna 2018
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The AKU Society recruited all the patients on the trials, and 
currently provides logistical support for patients at the UK’s clinical 
site. We advertise the research at international conferences like 
the European Conference on Rare Diseases and Orphan Products. 
Pharmaceutical companies are impressed by our retention rate of 91%.

can you tell us More about possible Medical advanceMents 
on the horizon you are personally excited about? 
Nitisinone, a synthetic reversible inhibitor of 
4-hydroxyphenylpyruvate dioxygenase, is very effective in reducing 
homogentisic acid levels in the blood and (we hope) is of great 
clinical benefit. But it is not a perfect treatment. By blocking tyrosine 
metabolism, it causes an elevation in plasma tyrosine. In some 
patients, this hypertyrosinaemia leads to unpleasant side-effects 
– corneal keratopathy and skin irritation. As a result, we would 
like in the future to develop a nitisinone co-therapy with tyrosine 
ammonia lyase (TAL). We propose to use oral administration of 
this enzyme to selectively degrade tyrosine in the gut, lowering 
tyrosine absorption and preventing tyrosinaemia.

We would also like to test a gene therapy in mice that can be 
translated to AKU patients. The method and delivery will be part of 
a personalized medicine strategy that can overcome point mutations 
not only in AKU but also in many inherited metabolic diseases.

what do you envisage in the future for the alkaptonuria society?
After the DevelopAKUre trials finish in 2019 where we hope to obtain a 
marketing authorisation from the European Medicines Agency, our remit 
should change significantly. Hopefully we will no longer have to invest so 
much energy into clinical research proving that nitisinone works. Instead, 
we could focus on optimising access to treatment. In the developing 
world, thousands of people currently suffer from AKU 
without any support. We are looking for funding to launch 
promotional campaigns in India and the Middle East over 
the coming years. More information may be found on 
www.akusociety.org 

This is the first time I encountered the publication which is an innovative and interesting way of providing healthcare 
professionals with information, including the e-Learning service. I hope we can collaborate further in the near future.

i read the synapse Because…

Nick Sireau receiving the Global 
Health Repurposing Award from 

Cures within Reach 2016

mr reece edmends
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Figure 2. Bozniak classification of renal cysts: Type 1 refers to a unilocular thin-walled 
cyst with no enhancement. A type 2 cyst contains thin non-enhancing septa and may 
show thin calcifications. Hyperdense (haemorrhagic) cysts measuring <3cm in diameter 
are also considered type 2 lesions. Hyperdense cysts ≥3cm and those with minimal septal 
nodularity and minimal enhancement are considered type 2F (F indicates need for follow-
up). Cysts with thick nodular enhancing septa (Type 3) and those with solid enhancing 
proliferations (Type 4) are considered malignant and require management.

management of localised

renal cell cancerdr pierre vassallo

renal cell cancer (RCC) is common, and its incidence is increasing 
due to increasing exposure to risk factors which include tobacco 
use, hypertension and obesity. Localised renal cancers are often 

detected incidentally, and their increased incidence also results from 
the increased use of imaging. Localised renal cancer now accounts 
for 60-70% of new RCC cases. Many of these cancers are slow 
growing and show little tendency to metastasize. 

Only a minority of patients with localised renal cell cancer 
have any clinical signs such as haematuria or abdominal pain. 
These tumours are often detected incidentally on ultrasound 
but are best characterised using computed tomography (CT), 
where they may appear as a solid contrast-enhancing mass or a 
complex cystic lesion. Imaging features are similar on Magnetic 
Resonance Imaging (MRI) and the latter is equally accurate for 
the evaluation of renal lesions; it may be used in patients who 
are allergic to iodinated contrast material, in those with poor 
renal function, in lesions containing complex haemorrhage or 
where radiation exposure must be avoided (e.g. pregnancy). 

Localised renal cancer is defined as a stage I or II tumor that 
remains confined within the renal capsule (Fig 1). Since renal 
cancers may be cystic, it is important to identify those features 
in cystic lesions which point towards malignant disease. In 1986, 
Morton Bozniak suggested a classification of cystic lesions based 
on CT findings to help standardise their management (Fig 2). This 
cyst classification system has since then become widely accepted 
and is used to guide treatment decisions. Bosniak Type III and IV 
lesions are very likely malignant and require further management. 

Management options for localised renal cancer include 
radical nephrectomy, partial nephrectomy, thermal ablation and 
active observation. The choice of treatment is individualised 
based on patient age and co-morbidities, tumor characteristics 
and renal function considerations. A significant proportion of 

localised RCCs are indolent and slow growing; they can therefore 
be managed by nephron-sparing treatments (partial nephrectomy 
or thermal ablation) or even through active observation. The 
new American Urological Association (AUA) 2017 guidelines 
recommend a change in strategy with a decreased use of radical 
nephrectomy and an increased use of imaging-guided renal 
biopsy, thermal ablation and active observation. 

Radical nephrectomy is the preferred treatment in patients 
with aggressive tumor types, for larger tumours that show 
complex or infiltrative imaging features (Fig 3 and 4) and when 
normal contralateral renal function is present. 

Partial nephrectomy or tumour enucleation can be considered in 
tumours <4cm in diameter (Fig 5). These should also be considered 
in patients with an anatomical or functional solitary kidney, for 
bilateral or multifocal tumours, for patients with familial renal cell 
cancer, for young patients, and for those with limited renal function 
or with comorbidities that could lead to deterioration in renal 
function. In otherwise healthy individuals who present with a lesion 
that shows aggressive imaging features, a partial nephrectomy or 
enucleation is recommended without prior biopsy.

Imaging-guided tumour biopsy provides a means of 
confirming the diagnosis of malignancy and establishing the 
tumour subtype (and consequently the degree of aggressiveness 
of the tumour). In the past, it was claimed that percutaneous 
biopsy was associated with an increased risk of tumor seeding 

Figure 1. Renal cancer staging: Stage I and II lesions are considered local renal 
cancers as they do not extend beyond the renal capsule. Source: http://www.
aboutcancer.com/renal_cell_stage_survival_nejm.jpeg

medical imaging
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Figure 7. Two CT scans obtained one year apart in a 77-year old woman showing 
a right renal tumour that has increased in size from 12mm (arrow) to 14mm in 
diameter in the interval. Continuing with active observation is the ideal approach 
in these circumstances. 

that laparoscopic guidance and can be done under local anaesthesia. 
Imaging-guided core biopsy should always be performed prior to 
thermal ablation. Patients undergoing thermal ablation must be 
informed of an increased likelihood of persistence or recurrence of 
the tumour, which can be addressed by repeating the ablation.

In patients who are unfit for or unwilling to accept surgery and 
who have a non-aggressive appearing lesion, active observation 
with sequential imaging is advised. Active surveillance according 
to AUA guidelines should be used when anticipated risks of 
intervention or competing risks of death outweigh the potential 
benefits of active treatment. The said guidelines also state that 
active surveillance may be used as an initial management option in 
patients with suspicious lesions <2cm in diameter (Fig 7). However, 
the patient must clearly understand the risks of tumour growth and 
the importance of returning for a follow-up CT scan in 3-6 months. 
If lesion size increases to >3cm, if there is a growth rate of >5mm 
per year, or if there is an increase in tumour stage, a change in 
treatment strategy should be offered. 

In summary, the current tendency is to move away from radical 
nephrectomy to nephron-sparing procedures for Stage 1 and 2 
renal tumours. The increasing evidence that smaller tumours may 
be less aggressive or even indolent has changed recommended 
treatment protocols to favour more conservative surgery, thermal 
ablation or even active monitoring with imaging. 

Figure 6. CT scans showing a T1 tumor (arrows in A and B) in the lower pole of 
the right kidney. Image B shows a radiofrequency ablative probe place centrally 
within the lesion inserted under CT guidance. 

Figure 3. Contrast-enhanced CT scan showing a complex enhancing tumour 
(arrow) in the lower pole of the left kidney. No hilar, vascular or lymph node 
involvement is evident. 

Figure 4. CT Scan Bosniak type IV cystic lesion (arrow) showing thick 
enhancing walls. Minimal perinephric fat stranding is also present. 

Figure 5. CT scan showing a Stage 1 lesion consisting of a 3cm mass (arrows) in the 
lower pole of the left kidney that demonstrates heterogeneous enhancement with 
central necrosis; the tiny peripheral nodules adjacent to the renal capsule represent 
blood vessels and not tumour extension. The renal vein (arrowheads) is filled with 
contrast material confirming absence of intravascular extension of the tumour.

along the biopsy tract. However, this is now known to be 
exceedingly rare particularly when using a coaxial technique; 
this technique allows multiple samples to be obtained and 
thermal ablation to be performed through a single tract.

Thermal ablation can be a considered treatment option when 
nephron-sparing is a priority and in patients who are unfit for 
surgery. In patients who are frail, who suffer from multiple co-
morbidities or who refuse surgical intervention, and who have 
aggressive-looking lesions, biopsy and ablation may be performed 
in the same sitting. Tumour ablation is used for Stage 1 tumours and 
obtains most reliable results in tumours <3cm in diameter (Fig 6). 
Radiofrequency ablation or cryoablation may be implemented under 
imaging or laparoscopic guidance. Imaging guidance is more efficient 
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