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ABSTRACT

More than 200 participants from Europe, Asia, Africa and South America attended the two days ICGEB
Workshop on Next Generation Diagnostics, 22/03/2018-24/03/2018, at the Macedonian Academy of
Sciences and Arts (MASA) in Skopje, Republic of Macedonia. The meeting provided an overview of
the current and future use of next generation sequencing (NGS), proteomics and other high-throughput
technologies in the diagnostic setup of malignant, inherited and communicable diseases. In addition, con-
siderable emphasis was placed on the potential use of these techniques for disease prognostication, patient
stratification and monitoring responses to therapy. Specific topics included NGS-based diagnostics of solid
tumors, hematological malignancies, inherited and infectious diseases, proteomic-based approaches for
biomarker discovery, predictive biomarkers for personalized treatment strategies, and bioinformatic analysis
of NGS data. The meeting also provided a unique platform for fruitful discussions between internationally
recognized experts and young researchers from developing countries, providing new perspectives and ideas
on broader implementation of these techniques for personalized management and care.
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INTRODUCTION

Over the past several decades there have
been tremendous discoveries in medical genetics
and molecular biology, which have fundamentally
changed our medical practice. Disease classifications

strong foundation in the science that is at the heart
of molecular medicine.

DNA sequencing is the process of determining
the precise order of nucleotides within a DNA

are continuously being revised according to the new
genetic data, treatment is individually tailored to
molecular information and genetic counseling helps
patients to deal with health challenges. It is not an
exaggeration to say that every practicing physician
— irrespective of his or her specialty will need a

molecule. It includes any method or technology
that is used to determine the order of the four bases
— adenine, quinine, cytosine and thymine — in the
DNA strand. The advent of rapid DNA sequencing
methods has greatly accelerated the biological and
medical research and discovery. Knowledge of
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DNA sequences has become indispensable for basic
biological research, and in numerous applied fields,
such as medical diagnosis, biotechnology, forensic
biology, virology and biological systematics. These
topics were covered by 20 international experts
during the three day workshop of the International
Center for Genetic Engineering and Biotechnology
(ICGEB) on Next Generation Diagnostics that was
held at the Macedonian Academy of Sciences and
Arts in Skopje on March 22-24,2018. Below, a brief
summary of the presentations is provided.

NGS DIAGNOSTICS:
STATE OF THE ART AND BEYOND

The meeting was opened with introducto-
ry remarks by Momir Polenakovic (Macedonian
Academy of Sciences and Arts, Skopje), who
highlighted the potential of this rapidly expanding
field in the future diagnostic workup of patients
with various medical conditions.

The first lecture was given by Clare Turn-
bull (Institute of Cancer Research, London), who
described the progress made during the Genomics
England 100,000 Genomes Project. This project
is a large-scale endeavor focused on delivering
whole-genome sequencing within the UK Na-
tional Health Service (NHS), covering both can-
cer and rare diseases. Her talk focused on NHS
pathology pipelines for cancer sample collection
and preparation, presentation of whole genome
analyses back to the clinician, and future evolu-
tions in provision of molecular testing.

The session was continued with a lecture by
Richard Rosenquist (Karolinska Institute, Stock-
holm), who described the Swedish experience
with the establishment of a national platform for
next-generation sequencing (NGS) for clinical di-
agnostics. The platform was established in 2014
within the Science for Life Laboratory (Scil-
ifeLab), a joint effort between the Karolinska In-
stitute, the Royal Institute of Technology, Stock-
holm University and Uppsala University, and
ever since has processed more than 10,000 patient
samples for diagnostics of inherited diseases and
cancer. To take the next step and facilitate im-
plementation of precision medicine throughout
the Swedish healthcare system, the same group
recently launched the Genomics Medicine Swe-
den (GMYS) initiative, which has the ambition to
analyze up to 45,000 patient samples annually

using state-of-the-art sequencing technologies.
The primary focus of this multidisciplinary proj-
ect will be patients with inherited diseases, can-
cer and infectious diseases. The overall aim is to
integrate findings from NGS into individual pa-
tient electronic healthcare records and registries
enabling personalized management and care, and
to provide a unique resource for population-based
research projects within the field of precision
medicine.

The last lecture of this session was given
by Ulf Landegren (Uppsala University, Uppsa-
la), who discussed novel and improved molecular
technologies for diagnosis, patient stratification
and monitoring response to treatment, which in-
cluded a number of novel techniques developed in
his lab. Among these, the proximity ligation or ex-
tension techniques (PLA and PEA, respectively)
require only 1 pl plasma sample to analyze sets of
more than 90 proteins. The in situ PLA technique
allows sensitive and specific imaging of proteins
and their interactions and modifications in situ
and in cells, to reflect states of signaling in cells
and tissues. He also described a variant of these
procedures that allows evaluation of target en-
gagement by clinical low molecular weight drugs,
such as kinase inhibitors, directly in patients’ tis-
sues. Finally, he described the recently developed
super rolling circle amplification (SRCA) tech-
nique, which offers a convenient means to search
and digitally enumerate tumor-specific mutations
in plasma, as a means to monitor the progress or
regression of tumors in patients under therapy.

NGS DIAGNOSTICS IN INHERITED
AND INFECTIOUS DISEASES

The fist lecture in this session was given
by Marcel Nelen (Genome Diagnostics, Nijme-
gen), who described his experience with exome
sequencing in the routine clinical setting. The
clinical exome sequencing program in Nijme-
gen was launched in 2011 and since then has
included >25000 clinical exomes. The program
focuses primarily on inherited diseases, includ-
ing blindness, deafness, movement disorders,
craniofacial abnormalities, epilepsy, immunode-
ficiencies, multiple congenital anomalies, renal
diseases, muscle diseases, neuropathies, meta-
bolic diseases, and hypogonadotrophic hypo-
gonadism. The use of small panel strategies to
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reduce turnaround times, sequencing costs and
make NGS-based diagnostic testing more afford-
able and adapted to the clinical setting were also
discussed during his presentation.

The session was continued with a lecture
by Anna Wedell (Karolinska Institute, Stock-
holm), who described the pipeline within the
Science for Life Laboratory for whole genome
sequencing (WGS) of inherited diseases. More
than 3000 rare disease samples have been an-
alyzed until now, with an average turnaround
times are 10-12 days, allowing rapid diagnosis
even in acute situations. Within the area of met-
abolic medicine, around 700 patients have been
analyzed, with a diagnostic rate of 35% repre-
senting 170 different disease genes, illustrating
a striking heterogeneity. A dozen novel diseases
were discovered during these efforts and parallel
mechanistic studies have opened novel possibil-
ities for treatment.

Lars Engstrand (Karolinska Institute,
Stockholm), described the pipeline of the Sci-
ence for Life Laboratory for NGS analysis of
infectious diseases. Whole genome sequencing
of bacterial pathogens has been particularly use-
ful for microbial subtyping and outbreak inves-
tigations, and can also provide information on
virulence and resistance that may not be avail-
able through other currently available molec-
ular diagnostics techniques. He also discussed
approaches to improve the workflow for NGS,
in particular shorten the turnaround time and re-
duce costs, and highlighted the potential use of
NGS in driving targeted antimicrobial treatment
decisions.

This session was closed with a lecture by
Kristian Vlahovicek (University of Zagreb, Za-
greb) on metagenomics analysis of human gut
microbiome samples and implications for hu-
man disease.

NGS DIAGNOSTICS
IN SOLID TUMORS

The first two lectures in this session focused
on the current status and future perspectives of
using liquid biopsies in the management of can-
cer. Simon Joosse from the University Medical
Center Hamburg-Eppendorf discussed the use of
monitoring circulating tumor cells as a surrogate
marker for response to therapy. Johan Lindberg

(Karolinska Institute, Stockholm) described the
use of NGS to profile circulating tumor DNA
(ctDNA) in patients with metastatic prostate
cancer, with the goal to enable biomarker-driven
clinical trials. He presented data demonstrating
that circulating tumor DNA is detectable in the
majority of patients with metastatic prostate can-
cer and reflects the mutational landscape of the
metastatic tissue. A prospective biomarker driv-
en adaptive clinical trial is in progress in patients
with metastatic prostate cancer, where the circu-
lating tumor DNA profile established by his team
guides the randomization process.

The session continued with a presentation
by Dijana Plaseska-Karanfilska (RCGEB, Mace-
donian Academy of Sciences and Arts, Skopje),
who gave an overview of the current status with
the use of NGS for genetic testing of heredi-
tary breast cancer syndromes and presented the
results from her study using multi-gene panel
testing among breast cancer patients from the
Republic of Macedonia. The session was closed
with a presentation by Katerina Davalieva from
the same institution, who discussed the use of
proteomics for the identification of novel bio-
markers in patients with prostate cancer.

NGS DIAGNOSTICS
IN HEMATOLOGICAL
MALIGNANCIES

The session on hematological malignan-
cies was opened with a lecture by Torsten Ha-
ferlach (Munich Leukemia Laboratory, Munich),
who gave an overview on the use of NGS tech-
niques in the diagnosis, classification, prognos-
tication and treatment guidance of patients with
myeloid malignancies. He also described the
pipeline of the Munich Leukemia Laboratory for
acute myeloid leukemia and discussed the next
steps required to expand the use of NGS in the
routine hematology diagnostic work-up, includ-
ing improved automation, bioinformatic tools,
accreditation and reimbursement procedures.

The use of NGS in the diagnosis of lym-
phoid neoplasms was covered by Davide Rossi
from the Institute of Oncology Research, Bell-
inzona. He provided an overview of the path-
ways that are commonly affected by mutations
in lymphoid tumors, and described how genetic
alteration of these pathways may contribute to
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disease pathogenesis, diagnosis, prognostication
and treatment.

The last lecture of this session was given
by Kostas Stamatopoulos (Institute of Applied
Biosciences, CERTH, Thessaloniki), who dis-
cussed the use of NGS for the analysis of im-
munoglobulin and T cell receptor repertoires in
patients with lymphoid malignancies. He de-
scribed the advantages of using NGS for all main
applications of immunogenetic analysis, includ-
ing clonality assessment, MRD monitoring and
analysis of stereotypy, and discussed challenges
that still need to be overcome before NGS im-
munogenetics can replace PCR-based assays in
the routine diagnostic setting.

PREDICTIVE BIOMARKERS
AND PERSONALIZED
TREATMENT STRATEGIES

Hematological malignancies were also the
focus of the first lecture in the session on Pre-
dictive biomarkers and personalized treatment
strategies. This lecture was given by Dimitar
Efremov (ICGEB, Trieste), who discussed the
use of kinase inhibitors for targeted therapy of
patients with lymphoid malignancies. These
drugs can selectively target oncogenic pathways
that are deregulated because of genetic lesions or
chronic stimulation by signals from the micro-
environment and provide an opportunity for the
development of individually-tailored treatment
approaches. He gave an overview of the mech-
anism of action of these drugs and described
ongoing efforts to incorporate these drugs into
more effective rational combinations and identi-
fy factors that can predict response to treatment.

The second lecture was given by Paivi
Ostling (Karolinska Institute, Stockholm), who
described the use of high throughput cell-based
functional drug testing for identification of nov-
el, clinically actionable therapeutic opportunities

in solid tumors. This approach combines genom-
ic profiling by NGS of primary tumor tissue and
drug sensitivity profiling with a large panel of
approved and investigational oncology drugs.
She described the results of their comprehensive
drug testing program of castration-resistant pros-
tate cancer and renal cell cancer, which result-
ed in the identification of distinct drug response
profiles, confirming that genomic heterogeneity
leads to variability in drug responses.

BIOINFORMATICS ANALYSIS
OF NGS DATA

The workshop ended with a 3-hour ses-
sion on bioinformatics analysis of NGS data.
The goal of this session was to provide some
practical examples of bioinformatics solutions
for NGS data analysis through a diagnostic util-
ity perspective. Building on the lectures provid-
ed during the preceding days of the workshop,
this session showcased the basic computational
pipelines and workflows for NGS data analysis
and highlighted the different approaches that can
be employed depending on the diagnostic study
at hand. Lectures in this session were given by
Valtteri Wirta and Henrik Stranneheim from
the Karolinska Institute in Stockholm and Fotis
Psomopoulos and Andreas Agathaggelidis from
the Institute of Applied Biosciences, CERTH, in
Thessaloniki. The session ended with a lengthy
discussion of the speakers and participants that
highlighted the key concepts needed to be taken
into consideration for the computational aspects
of NGS data.

The workshop was closed with concluding
remarks by Dimitar Efremov, who on behalf of
all organizers thanked the speakers for their ex-
cellent presentations and expressed his gratitude
to the International Centre for Genetic Engi-
neering and Biotechnology and the Macedonian
Academy of Sciences and Arts for their most
generous sponsorship of this event.
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Figure 2. Clare Turnbull delivering lecture on "Genomics England and 100.000 genomes project:
Developing a national genomics service"
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Pe3ume

ICGEB PABOTUJIHUIIA 3A TUJAT'HOCTUKA OJf CJIEJHATA 'EHEPAIIUJA,
22/03/2018-24/03/2018, MAKEJOHCKA AKAJEMHWJA HA HAYKUTE U YMETHOCTUTE,
CKOIIJE, PETYBJINKA MAKEJOHHNJA

Jumutap Edppemon' 1 Momup IonenakoBuk?

! MonekysnapHa xemaronoruja, MeryHapoJieH [IeHTap 3a TeHETCKO MHIKEHEPCTBO U OMOTEXHOJIOTH]a,
Tpcr, Utanuja
2 Make/IoHCKa akaJieMHuja Ha HaykuTe i ymeTHoctute, Crorje, Perybnrka Makenonuja

IToseke o 200 yaecnunwm on EBporra, A3uja, Appuka u Jyxxaa Ameprka ydecTByBaa Ha IBOJJHEBHATA
pabdorunauna Ha ICGEB 3a mujarnocTrka on cieqHara reaepanuja, 22/03/2018-24/03/2018, Bo Makenon-
ckara akajiemuja Ha Haykute u ymerHoctute (MAHY) Bo Cromje, PerryOnmka Makenonuja. Ha coctanokoT
Oerie aJicH Mperiie)T Ha ceralHara i Ha ujiHara yrnorpeba Ha clie/{HaTa reHepalija Ha CCKBCHIIMOHUPAHE
(NGS), mporeoMuka u APYTy TEXHOJIOTHH BO AMjarHOCTHKATa HA MAJIMTHU, HACJITHU U 3apa3Hu O0JIeCTH.
ITokpaj Toa, 3HAYNUTEIICH aKIICHT Oelle CTaBEeH Ha ITOTCHITHjaJTHATa yIIOTpeOa Ha OBHE TEXHUKH 3a TIPOTHO3a
Ha OozecTa, cTparu(uKaliija Ha TalMeHTOoT U CeIehe Ha OATOBOpHTE Ha Tepanujara. CriennuaHn TeMu
BKJIy4yBaa IUjarHOCTHKA Ha IBPCTU Tymopu Oasupanu Ha NGS, XeMaTOJIONIKH MaTUTHOMH, HACIEIHU
U 3apa3Hu 0OJIECTH, TPUCTANK 0a3MpaHy Ha MPOTEOMH 32 OTKPUBAKE Ha OMOMAapKEpH, MPEABHYBAUKN
OMOMapKepH 3a MePCOHATN3UPAHY CTPATETHH 32 TPETMaH U OMOMH(pOpPMAaTHYKA aHAIN32 HA TOJATOIUTE O]
NGS. CocraHokoT, HCTO Taka, 00e30e1u eNMHCTBEeHA IuTaTdopMa 3a INIOAHH Pa3roBOpPH Mery MeI'yHapOTHO
MIPU3HATH €KCIIEPTH M MIIAJN MCTPaXXyBadd O 3€MjUTE BO Pa3Boj, 00e30eqyBajki HOBH TIEPCIEKTHBH U
WJICH 32 MOIIUPOKA UMILICMEHTAIIN]ja Ha OBUE TEXHUKH 32 EPCOHAIM3UPAHO YIIPaByBambe U Hera.

KityuHu 300poBH: CEKBEHLIIMOHHUPAWkE O] CIIEAHATa reHepanuja, Ipenu3Ha MeIUIIHA, HacoueHa
Tepanuja, NpeIBUIyBaYKH OHOMapKepH



