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Hematology Research Laboratory of National and 
Kapodistrian University of Athens

• Research and diagnostic laboratory

• Monitoring of patients with hematological malignancies:

✓Myeloproliferative neoplasms (MPN)

✓Myeloid/lymphoid neoplasms

✓Myelodysplastic syndromes (MDS)

✓ Acute myeloid leukemia (AML) and related neoplasms

✓ B/T lymphoblastic leukemia/lymphoma

• 8.000-9.000 samples per year from 94 centers in Greece



Techniques

• PCR

• Real-time PCR

• Fragments Analysis

• Sanger sequencing

• Next generation sequencing



Certifications

• ISO 9001:2015 certification (TUV HELLAS/ TUV NORD) (041160004)

• BCR-ABL monitoring with Real-Time PCR, by European Leukemia Net (ELN)*

• TP53 mutation detection with Sanger Sequencing, by European Research Initiative on CLL (ERIC)*

• IGVH mutation detection with Sanger Sequencing, by European Research Initiative on CLL (ERIC)*

The laboratory is in the process of accreditation with the ISO 15189:2012 standard

*Out laboratory is one of the two in Greece that have these certifications



Precision medicine

The laboratory is a member of:

✓ the National Network of Precision Medicine

✓ the new department of the National and Kapodistrian University of Athens:

<<Center for new biotechnologies and precision medicine, School of Medicine>>

The base of precision medicine is 
Next Generation Sequencing (NGS)



Our experience in NGS

We use NGS for biomarker detection:

➢Myeloid Malignancies
- acute myeloid leukemia (AML), 

- myeloid dysplastic syndrome (MDS), 

- myeloproliferative neoplasms (MPN), 

- chronic myeloid leukemia (CML), 

- chronic myelomonocytic leukemia (CMML), 

- juvenile myelomonocytic leukemia (JMML)

➢Lymphoid Malignancies
- B-acute lymphoblastic leukemia (ALL)/lymphoma

- T-acute lymphoblastic leukemia (ALL)/lymphoma

Oncomine Myeloid Research Assay
(Thermo Fisher Scientific)

LymphoTrack IGH FR3 Assay Panel
LymphoTrack TCRG Assay Panel
(Invivoscribe) 

NGS Platform: Ion GeneStudio™ S5 System
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Myeloid Malignancies - Why NGS

• Myeloid malignancies are often difficult to classify 

• Many genes are involved (with driver or acquired mutations)

• Previously biomarker detection was the sequential gene testing → expensive and time consuming for the patient

• NGS gave the opportunity of high-throughput sequencing with high sensitivity (~3-5%)



40 genes in DNA                    27 fusion genes in RNA    

It interrogates all relevant DNA mutations 
and fusion transcripts associated with 
myeloid disorders

Oncomine™ Myeloid Research Assay
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NGS - 3 days workflow

6 hours

PCR-Library 
preparation

16 hours 5 hours 3 hours

Evaluation of the results

…..hours
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Example of analysis results

It can filter out the 
mutations that are: 

- polymorphisms, 
- synonymous, 
- in introns etc

So it can discriminate the 
mutations with a clinical 
significance according to 
gene databases 



Variant report

Mutation that 
has been found

Relevant 
substances or 
clinical studies



NGS performances evaluation

• Completed within a month 

• We checked samples with known mutations and in serial dilutions

• Sanger sequencing vs NGS → same results, even in difficult targets, such as CEBPA (GC rich region) 
or FLT3 internal tandem duplications (ITDs)

• Sensitivity about 3-5%

• Mean depth 1500x



Limitations

• You need to collect many sample in order to have a cost-effective run - it depends on the capacity of the chip
- chip 520→ 6 samples

- chip 530 → 12 samples

• The cost (initial cost of the equipment and consumables for each run)
- But cheaper than sequential gene testing with sanger sequencing 

• Samples should be analyzed in a central laboratory in each country in order to minimize the:
- time to response 

- cost



NGS in clinical research

• We have already analyzed 230 samples within 1,5 years that we use NGS

• NGS allows a rapid carachterization of AML and MDS samples

• NGS use has the potential to to evaluate response to therapy 

• According to plan our laboratory will handle all the new cases of AML in Greece for molecular 
analysis with NGS



NGS testing – examples of cases



Acute Myeloid Leukemia (AML) 

Current stratification Survival curves based on current 
stratification and chemotherapy



What’s new in AML

Genomic heterogeneity of AML Novel targeted therapies



Why we need NGS in AML

✓Better classification of the risk, based on analysis of big number of genes, 
necessary to stratify risk group and take decisions about the proper therapeutic 
approach

✓Detection of critical mutations that are sensitive to specific inhibitors (e.g. on 
FLT3 inhibitors, IDH inhibitors and more are coming…) 

NGS gave the opportunity of high-throughput 
sequencing of all the genes involved, in one run



Sample of a female with AML 

✓Normal karyotype

✓NPM1 gene negative for mutations (Fragments analysis)

✓FLT3 gene negative for mutations (Fragments analysis)

✓CEBPA gene negative for mutations (Sanger sequencing)

Example of AML case

• Typical screening for AML new cases
• Based on this screening the samples is 

classified as intermediate risk



Example of AML case

NGS AML 28/2/2018

Gene Amino Acid Change Allele Frequency %

NRAS p.Gly12Asp 4.21

WT1 p.Val371fs 43.40

RUNX1 p.Arg204Gln 49.51

Sequential test and MRD analysis with NGS:
Pros
✓ Monitoring the kinetics of the subclones
✓ Detection of resistant subclones
✓ Detection of clonal evolution that may be missed by 

flow cytometry
Cons
✓ Low sensitivity (~1%)- not indicated for MRD analysis 

for the moment

NGS FOLLOW UP 27/9/2018

-

NGS FOLLOW UP –
END OF TREATMENT 27/11/2018

-

NGS MOLECULAR RELAPSE 
AFTER ALLO-MAK 29/1/2019

Gene Amino Acid Change Allele Frequency %

RUNX1 p.Arg204Gln 3.20

NGS CLINICAL RELAPSE 
AFTER ALLO-MAK 5/3/2019

Gene Amino Acid Change Allele Frequency %

WT1 p.Val371fs 20.00 

RUNX1 p.Arg204Gln 20.40 

Classification based on NGS testing:
High risk (RUNX1 pos)→ allogeneic bone marrow 
transplantation

ALLOGENEIC BONE MARROW TRANSPLANTATION

NGS screening with Oncomine™  Myeloid Research Assay (Thermo Fisher 
Scientific) Ion GeneStudio™ S5 System
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Until now we have analyzed 85 samples with AML and we have submitted an abstract, 
based on these results, at the Hellenic Hematology Congress (7-10/11/2019)

“Acute Myelogenous Leukemia with RUNX1 Gene Mutations: clinical characteristics and 
prediction” Oral presentation No 34



Myelodysplastic Syndromes (MDS)

• Many cell lines are affected due 
to mutations in the 
hematopoietic stem cells

• Dysplasia in different cell lines

• Cytopenias that cause sensitivity 
to infections 

• Treatment is based on clinical and 
morphological features

• Molecular markers are not used 
in clinical practice in MDS



• Helpful in better risk stratification (low, intermediate and high risk)

• Prognostic for risk of transformation to AML

• Not in clinical practice yet

Do we need NGS in MDS?



Example of MDS case

• Male MDS sample

• MDS low risk based on morphological and clinical aspects 

• NGS analysis with Oncomine Myeloid Research Assay (Thermo Fisher Scientific): Ion GeneStudio™ S5 System

Gene

Amino Acid 

Change Coding Exon Variant ID Locus

Allele 

Frequency 

% Transcript

Variant 

Effect
IDH1 p.Arg132Cys c.394C>T 4 COSM28747 chr2:209113113 35.95 NM_005896.3 missense
SRSF2 p.Pro95Arg c.284C>G 1 COSM211661 chr17:74732935 36.94 NM_003016.4 missense
ASXL1 p.Ser989Ter c.2966_2967delCT 12 chr20:31023478 4.41 NM_015338.5 nonsense
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✓ 3 mutated genes with poor 
prognosis

✓ Related with transformation 
to AML

- IDH1 35,95% VAF
- SRSF2 36,94% VAF
- ASXL1 4,41% VAF

✓ MDS High risk according to 
molecular profile

✓ Closer monitoring
✓ Searching for donor for 

allogenic transplantation if 
patient has good clinical status 
(age, comorbidities etc)



Until now we have analyzed 82 samples with MDS and some of the results were 
published in the following paper in a collaboration with the Hellenic MDS Study Group.



Future applications of NGS

• Ion AmpliSeq HD technology → ultra high sensitivity technology that finds variants with a low 
limit of detection—down to 0.1% 

• We have designed primers for the detection of TP53 mutations

• TP53 mutations are prognostic and predictive marker for the patients with Chronic Lymphocytic 
Leukemia (CLL)

• European Research Initiative on CLL (ERIC) is already starting a new collaborative project in which 
we are interested in participating:

‘’MULTICENTER STUDY ON PROGNOSTIC AND PREDICTIVE IMPACT OF TP53 VARIANTS BELOW 10%   
VAF (variant allelic frequency)’’


