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1. Design of an NGS panel test to diagnose inherited thrombocytopenia

2. Diagnostic rate using NGS panel test for inherited thrombocytopenia

3. Pro and Cons of using NGS panel test for inherited thrombocytopenia: using 

examples from the clinic

Learning objectives of the webinar



Inherited thrombocytopenia : 41 genes

Variants in these genes cause inherited thrombocytopenia

Ver Donck F et al. RPTH 2021

ERG



Gene curation to deliver diagnostic-grade genes (TIER1) 

www.isth.org/page/GinTh_GeneLists

Yearly updates during the SSC session 

http://www.isth.org/page/GinTh_GeneLists


(syndromic) Inherited (macro/micro)thrombocytopenia

Freson K. Diagnostic value of multigene sequencing for inherited thrombocytopenia.  Br J Haematol. 2022

ERG (AD)



Sanger sequencing, MLPA, CNV

Past Today

Targeted, Whole Exome Sequencing (WES) or 
Whole Genome Sequencing (WGS)

MULTI-GENE PANEL TEST
(Virtual)

2016: From Single gene analysis to Multi-gene panels



Implementation of multi-gene panel test : ThromboGenomics study

Simeoni I, et al. Blood. 2016



u Bleeding, Thrombotic and Platelet Disorder genes

u Targetted approach with coverage: 99 – 98 %

u Detection indels (no inversions)

u Mean of 5.34 variants/case after filtering

u Multiplexing 24 (later 48) samples

Ilenia Simeoni , Blood 2016

ThromboGenomics Version 1 ThromboGenomics Version 2

Kate Downes, Blood 2019

Diagnostic rate for thrombocytopenia is nearly 50%



Genes involved in patients with IT

Number of IT patients

Downes K, et al. Blood. 2019



NGS panel for bleeding and thrombosis in the clinic

Christine Van Laer

Interim analysis 



Workflow using 
multi-gene panel

Ver Donck F et al. RPTH 2021



Results genetic testing (2019 –2022)



Genes involved in patients with IPD

ü Digenic inheritance (VWF as modifier for bleeding)
ü Many VUS 



Strengths and Limitations of NGS panel test

Ver Donck et al, JTH 2020



Variant Capture Tool to improve classification

https://www.isth.org/page/GinTh_GeneLists
Megy et al, JTH 2021

814 Variants have been submitted  from 30 diagnostic labs from 14 countries                                     

Variant reclassification by ClinGen 
working groups for thrombosis & 

hemostasis

https://www.isth.org/page/GinTh_GeneLists


What do I tell the patient about NGS testing? 

Downes K, et al. J Thromb Haemost 2020;18:2751–8.



Risk for unsolicited findings using a panel test for IT

Unsolicited findings: refer to variants in disease-causing genes that are unrelated to 
the original rationale for testing and that are identified inadvertently

Examples:

RUNX1, ETV6 and ANKRD26 variants that are risk factors for leukaemia when testing 
for platelet disorders

Carriership of variants in recessive genes

Downes K, et al. J Thromb Haemost 2020



Index case, 35 y
Mucocutanous bleeding symptoms
Platelet count 145- 161 K, normal size
Platelet delta storage pool disease

Risk of unsolicitated findings: an example

RUNX1  p.Glu5ValfsTer5 



Index 35 y
RUNX1  p.Glu5ValfsTer5 
PLT 161 K

PLT 131 KRUNX1  WT
PLT 379 K

PLT 156 K
RUNX1  p.Glu5ValfsTer5 

RUNX1  WT
PLT 259 K

PLT 136 K
RUNX1  p.Glu5ValfsTer5 

RUNX1  p.Glu5ValfsTer5 



Question 1 

I have requested a genetic panel (or exome) test to diagnose patients with thrombocytopenia and did inform my 
patient that this test contains genes that are known risk factors for leukaemia? 

1. YES
2. NO 

Question 2

Patients should sign an informed consent before participating in a genetic panel (or exome) with the possibility of 
an opt_in/opt-out choice to know about variants in leukemic risk genes?

1. YES
2. NO

Question 3 

I have requested for a genetic panel (or exome) test to diagnose patients with a platelet disorder for clinical 
management, therapy or councelling? 

1. YES  
2. NO

Poll taken @EAHAD meeting 2019

Outcome : +/- 50 / 50 %

Outcome : +/- 60 / 40 %

Outcome : +/- 70 / 30 %



Dectection of a missed diagnosis

• Index case, 22 y
• Bleeding after trauma, menorrhagia (same for her mother)
• Macrothrombocytopenia (PLT 125K, MPV >13fL)
• Normal aggregations and ATP secretion
• FACS normal CD61, CD41 and 50% for CD42
• Prolonged PFA (171 s – COL/EPI and 136s – COL/ADP)

GP1BB  p.Leu16Pro
TUBB1 p.Gly109Glu



GP1BB  p.Leu16Pro

TUBB1 p.Gly109Glu



ü Healthy parents
ü Child (boy) with platelet count of 8K, died after intracranial bleed
ü 2nd child (girl) with platelet count of 12K, easy bruising
ü CAMT screening negative !
ü next WES

Detection of a missed diagnosis



Precision diagnosis of IT can influence management

Lentaigne C, et al. Blood 2016;127:2814–23.

Transcriptional 
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When do we use the multi-gene panel test 
in the diagnostic algorithm?

Gresele et al. Inherited Platelet Function Disorders:
Algorithms for Phenotypic and Genetic Investigation.
Seminars in Thrombosis and Hemostasis. 2016 



Other genetic studies for IT
(outside diagnostic 

environment)



Clinical relevance of rare variants & polygenic scores for IT?  

Stefanucci L et al, Blood 2023

The effects of pathogenic variants for inherited hemostasis disorders 
in 140,214 UK Biobank participants

- Effect of Rare and Common variants 
- Common variants are polygenic scores (PGS)

Stefanucci L et al, Blood 2023



1. ClinicMulti Gene Panel Test

Whole Genome Sequencing

Blood transcriptomics

Other omics? 

2. Research

Diagnostic rate

+/- 55%

Plus 10% 

?



• 57 NHS Hospitals and  26 non-UK 
Hospitals

• 13,037 index patients
(Bleeding & Platelet Disorders 1916 patients)

Turro et al, Nature. 2020
WGS by Illumina UK
Coordinator: Willem Ouwehand (Cambridge)

Gene discovery using WGS

Turro et al, Nature. 2020
WGS by Illumina UK
Coordinator: Willem Ouwehand (Cambridge)



2011-2020: 18 new genes for bleeding & platelet disorders

Albers et al, Nat Genetics 2011; Albers et al, Nat Genetics 2012; Cvejic et al, Nat Genetics 2013; Chen et al, Science 2014; Westbury et al,
Genome Medicine 2015; Green et al, AJHG 2016; Stritt et al, Nat Comm 2016; Turro et al, Science Transl Med 2016; Stritt et al, Blood 2016;
Simeoni et al, Blood 2016; Lentaigne et al, Blood 2016; Poggi et al, Haematologica 2016; Bariana et al, BJH 2017; Siva-palaratnam et al, Blood
2017; Pleines et al, JCI 2017; Greene et al, AJHG 2017; Westbury et al, Blood 2017; Sivapalaratnam et al, BJH 2017; Morren et al, Orphanet
2017; Freson et al, JTH 2017; Sowerby et al, JCI 2017; Mayer et al, Blood 2018; Revel-Vilk et al, Blood 2018; Berrou et al, Blood 2018; Hofman
et al, Blood 2018; Bariana et al, Haematologica 2018; Westbury et al, Blood Adv 2018; Lentainge et al, Blood 2019; Buyse et al, HMG 2021

UZLeuven (543 patients):
Only 10% diagnostic rate

GATA1/HDAC6

IKZF5



Gene discovery using Whole Genome Sequencing 

Large pedigrees  
Turro et al, 2016, Science Translational Medicine

SRC-related syndromic thrombocytopenia

Stritt et al, 2016, Blood
Lentaigne et al, 2019, Blood

Unrelated patients with same genotype-phenotype 
BeviMed (Ernest Turro, Daniel Greene- Mount Sinai NY)

DIAPH1-related thrombocytopenia + deafness

IKZF5-related thrombocytopenia

GATA1/HDAC6-related thrombocytopenia + Autism

Turro et al, 2020, Nature

Unique DELETION



Blood cell RNAsequencing

CD4+ T cells monocytes Neutrophils

PLATELETS

20 controls
9 Thrombocytopenia patients
18 platelet functional disorders



Raresevoir (Variant filtering) & Chromoscope (Variant display) 

Greene et al, Nature Medicine 2023 



ü A (virtual) panel test is fast (TAT  4-6 months) and cheap

ü It detects unexpected phenotype-genotype associations (including unsolicitated findings)

ü Panel test is typically ordered by specialist with knowledge of the complexity of such test and its inclusion/exclusion 
criteria. Patients should be aware of what this test means (opt-out for RUNX1, ETV6, ANKRD26 and consenting). 

ü Sufficient phenotype information should be provide to allow variant classification 

üVariants of Unknown clinical Significance (VUS- need further research (improved variant databases)
before they can be used in the clinic

Key messages for use of an NGS panel test for diagnostics
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