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ABL1
ANKRD26 (inklusive 5’-UTR)
ASXL1
ATRX
BCOR
BCORL1
BCL2
BTK
BRAF
CALR
CBL
CBLB
CDKN2A
CEBPA
CSF3R
CUX1
CXCR4
DDX41
DNMT3A
ETV6/TEL
EZH2
PHF6
FBXW7

FLT3
GATA1
GATA2 (inklusive intron 4)
GNAS
HRAS
IDH1
IDH2
IKZF1
JAK2
JAK3
KDM6A
KIT
KRAS
KMT2A
MPL
MYD88
NF1
NOTCH1
NPM1
NRAS
PDGFRA
PLCG2

PPM1D
PTEN
PTPN11
RAD21
RUNX1
SAMD9
SAMD9L
SBDS
SETBP1
SF3B1
SMC1A
SMC3
SRSF2
SRP72
STAG2
STAT3
STAT5B
TERT
TET2
TP53
U2AF1
WT1
ZRSR2



Genetic terms

Penetrance: Frequency (%) of carriers who have symptoms-disease risk

Complete penetrance

Incomplete penetrance

Expressivity: The phenotypiv variation among individuals with a specific 
variant

Variable expressivity



Anticipation: Earlier age at diagnosis and more severe symptoms 
in the next generations

Genetic terms



WHO 2016 classification

Arber D et al. Blood 2016
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First publication RUNX1 CEBPA
GATA2
ANKRD26

SRP72

ETV6
DDX41
ATG2B
SAMD9
SAMD9L



Why have we missed them? 

• 3 generations detailed pedigree

• Rare?

• Denovo mutations, incomplete penetrance, variable expressivity

• Not unusual among older patients



Why should we recognize them?

Family members

• As part of the family investigation

• To explain symptoms/signs

• To avoid unnecessary medication

• To identify patients who may be candidates 
for Allo-HSCT

• To identify healthy individuals

• Follow-up

Patient with AML/MDS

• Offer an explanation

• Choice of donor (engraftment 
failure, donor-derived leukaemia)

• Define risk for other family 
members

• Choice of conditioning (Fanconi
anemi, telomeropathies)

• Follow up  (even after allo-SCT)



WHO 2016 classification

Arber D et al. Blood 2016



MNs with germline DDX41 mutations

• Dubbel DDX41 mutations
• Truncating germline variant-missense somatic the usual patern

• High penetrance

• Advanced age at diagnosis

• Favorable prognosis

• Pre-existing cytopenia is usual



MNs with germline DDX41 mutations

Only 0.5% of the cohort carried isolated DDX41 somatic mutations indicating that 
DDX41 is rarely involved in the oncogenesis of MNs in the absence of a germline predisposing variant

Sebert M et al. Blood 2020



MNs with germline DDX41 mutations

Sebert M et al. Blood 2020

Whether engraftement is 
delayed in the Allo-HSCT 
context is under debate 



MNs with germline RUNX1 mutations (FPD/MM)

• SNVs or large deletions

• Incomplete penetrance (20-60%)

• Early age at diagnosis (30-40 y)

• Anticipation

• High risk even for T-ALL



MNs with germline GATA2 mutations 

• SNVs or large deletions

• High penetrance (90%)

• Early age at diagnosis

• Anticipation

• Enrichment for aberrations involving chromosome 7



MNs with germline GATA2 mutations 



Case 1

AML, 33y AL 

We need guidelines

• Whom to test

• Which test

• Management



AML national guidelines 2018

Who, how, when

Genetic counseling

Significance for the whole family
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Whom to test

A: Patients with positive family history or signs/symptoms indicative of a hereditary 
condition predisposing for myeloid neoplasms (MN) especially MDS/AML.

 A1: Patient with MDS/AML and symptoms/signs of a hereditary condition predisposing for MN 
development*1 diagnosed before the age of 50. 

 A2: Two individuals (first or second degree relatives, FDR and SDR, respectively) with MDS/AML or 
long lasting thrombocytopenia or symptoms/signs indicative of a hereditary condition predisposing for 
MN development*1, one of whom diagnosed before the age of 50. 

 A3: One individual with MDS/AML and two FDR or SDR with a diagnosis of solid tumor malignancy*2

one of whom diagnosed before the age of 50.

 A4: ≥3 FDR or SDR with MN or long-lasting thrombocytopenia or symptoms/signs indicative of a 
hereditary condition predisposing for MN development*1, independently of age.

*1: excessive toxicities with chemotherapy or radiation, multiple cancer diagnoses, therapy-related leukaemia, poor mobilization of 
a sibling candidate donor28,40, consanguinity, skin or nail abnormalities, unexplained liver disease, pulmonary fibrosis or alveolar 
proteinosis, short stature, microcephaly or characteristic skeletal abnormalities or other congenital abnormalities, Café au lait spots, 
hypopigmented macules, lymphedema, immune deficiencies, atypical infections, excessive warts.
*2: other haematological malignancies or cancer forms suggestive of constitutional mismatch repair deficiency syndrome, Li-
Fraumeni syndrome, BRCA2 related syndromes (such as sarcomas, adrenocortical carcinomas, brain tumors, gastrointestinal, 
genitourinary, breast, ovarian and pancreas cancer)



Whom to test

B: Patients with MN where the diagnostic work-up for the determination of the 
somatic genomic background has detected variants suspected to be germline 
(near heterozygous or near homozygous).

C: Patients not fulfilling the criteria A and B diagnosed with MDS/AML before the 
age of 50 carrying aberrations of chromosome 7 [monosomy 7/del(7q)/der(7)]. 



How to test 



How to monitor ”healthy” carriers

Baseline Follow-up

Complete blood count (CBC) YES Every six months

Bone marrow biopsy YES Only in case of change in CBC

NGS-myeloid gene panel YES (bone marrow) Once a year* (blood)

Control of other relevant organs As indicated depending on the 

underlying condition

As indicated depending on the 

underlying condition

*The emergence of a clone should not solely be an indication for action. The gene, the variant allele frequency (VAF), the 
number of pathogenic variants as well as the dynamics over time should be taken into account.



Recommendations for Allo-HSCT

• Indications for allo-HSCT

• Timing for allo-HSCT

• Choice of donor

• Conditioning

• Follow-up after allo-HSCT



We still have a long way to go....

• Update of the guidelines

• Involve other specialists

• Educate hematologists/geneticists

• Report our findings in the databases

• Active research

• .......



ClinGen

ClinGen is a National Institutes of Health (NIH)-funded resource 
dedicated to building a central resource that defines the clinical relevance 
of genes and variants for use in precision medicine and research.



ClinGen



ClinGen

Similar approach for GATA2 is ongoing



Why is it important with national/international consensus?



Why is it important with national/international consensus



New indications-new routines
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Prospective clinical study

Pathogenic variant identified                                                   No pathogenic variant identified

Follow the guidelines Research

Genetic testing according to NMDS guidelines

Cost of visit covered by hematologist Cost of tets covered by PB

Patients  fulfilling criteria* for genetic investigation

Identified by hematologists

Contact with Clinical Genetics (onkogenetisk mottagning)

*: Arm A/Arm B. Arm B (reserach cohort): MDS/AML <50y without any clinical indication for germline background

Referred to Clinical Genetics

Result

~50 pts per year
Cost for testing: 30000kr/pt
Inclusion of 100-200 pts
Main endpoint: ≥20% pts with a 
pathogenic varint
Timespan: 1-2 years



Follow the guidelines....

If there are no guidelines..make them

Do not be afraid to think out of the box
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