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The challenges of HHMs 

Identification of individuals being at high risk for HMM 

 

Relatively rare or underappreciated-Enriched in specific subgroups 

ÅGATA2 in 72% of teenagers with MDS and monosomy 7 

ÅTP53 mutations in 50% of low hypodiploid ALL 

 

Variations regarding disease phenotype  

ÅHigh expressivity/Low penetrance 



The challenges of HHMs 

Clinically relevant when it comes to the selection of a donor 

ÅSlow or failed engraftment  

ÅEBV related PTLD (posttransplant lymphoproliferative disease) 

ÅDonor derived leukemia 

May influence the therapeutic approach 

Limited knowledge of the additional somatic events 

Absence of  standard diagnostic routine 

Paucity of clinical guidelines 



WHO 2016 classification 

Arber D et al. Blood 2016 



ELN guidelines 2017 

Döhner H et al. Blood 2017 



Even more complex than it seems... 

Codley LA. Blood 2016 



Are they really new??? 

Reference: Biermer et al. Ein Fal von Leukamie. Virch. Arch. 20:552, 1861. 



The local experience 

Patients with a HM and a suggestive 
personal and/or family history 

Patient with potential germline HMMS 
mutations in clonal cells 

History-Physical exam-  
Evaluation by a clinical geneticist 

Obtain germline tissue 

Obtain germline tissue 
Skin fibroblasts, T-celler, 

buccal swabs, blood if in remission?,  
other (hair, nails) 

Single gene or panel-based 
genetic testing 

  
Is a pathogenic inherited 

variant identified? 

Proceed with wide genomic 
evaluation (WES/WGS)/ 

in silico panel 
Is a pathogenic inherited 

variant identified? 
Verification of the germline mutation 

Inform physician 
Inform patient  

Recommendations to the physician 
Genetik counseling to the patient 

Is there suspicion for a specific entity? 

yes no 

yes 

Recommendations to the 
physician 

Genetik counseling to the 
patient 

no 
yes no 

Decision guided  
by the personal and the 

family history 



Sequencing for RUNX1,ETV6, ANKRD26: normal 

Case report 1 

Indication for WES? 



Case report 1 

Index patient (Blood) 

Grandfather (Fibroblasts) 

Engvall et al. In preparation 



Case report 2 

Engvall et al. In preparation 



Case report 2 

Engvall et al. In preparation 



Male 

Female 

arr[hg19] 
21q22.12(36,289,021-
36,510,008)x1 

arr[hg19] 

21q22.12(36,289,047-

36,510,008)x1 

Case report 2 

Engvall et al. In preparation 



Case report 2 

Engvall et al. In preparation 

Gene cDNA Protein Whole blood 
VAF 

T-cells 
VAF 

Interpretation 

BCOR c.3645delG p.1216fs*44 64% (3478) <1% (2157) Pathogenic 

PHF6 c.947A>T p.N316I 51% (5446) <1% (8402) VUS 

50 



Case report 3 

Died at the 
age of 80 

85 
 

Lymphoma 
 

Pulmonary alveolar 
proteinosis 
Skin lesions 

 
Should we care only about the risk for 

AML/MDS? 



BM:  
RUNX1, ASXL1, 
STAG2, TET2 

Blood disease 

AML 
58 

TC 
BC/OC 
MDS 

TC 
MDS 

TC 

TC 

BM: RUNX1, SF3B1, CUX1 
Buccal: RUNX1 

Blood: RUNX1 
Buccal: RUNX1 

Case report 4 

 
 

Are all FPD/MM equal? 
 
 
 





Many issues to be addressed 
 

Who to test (phenotype, age, other?) 
 
Which analysis (targeted or broad analyses) 

 
Which genomic aberrations (SNVs,CNVs, both?) 

 
How to follow the patient? 

 
How to counsel the family? 

 
Ethical considerations..... 

 
 



Many issues to be addressed 
 

ÅWho to test (phenotype, age, other?) 
 
ÅWhich analysis (targeted or wide analyses) 

 
ÅWhich genomic aberrations (SNVs,CNVs, both?) 

 
ÅHow to follow the patient? 

 
ÅHow to counsel the family? 

 
ÅEthical considerations..... 

 
 



Hematological malignancies within GMS 

HEMATOLOGY 
REFERENCE GROUP 

Techinal group 
Incl registries 

 

Myeloid malignancies 
Acquired/Hereditary 

Lymphoid malignancies 

Baliakas Panagiotis, Barbany Gisela, Belander Strålin Karin, Bjorck Eric,  Cammenga Jörg, Engvall Marie, Hellström-Lindberg Eva, Höglund Martin, Jädersten 
Martin, Larazevic Vladimir, Lehmann Sören, Nordgren Ann, Öster Fernström Annette, Tesi Bianca, Tran Ann-Nhi 
 
Cavelier Lucia, Fioretos Thoas, Rosenquist Richard 
 



Who to test for HHMs 

Young individuals (<50) with MNs (AML/MDS) 
independently of a positive family history 

Young individuals (<50) with long-lasting cytopenias  
ÅFamily history? 

Patients with MN (>50) with a positive family history  
ÅTwo individuals with MNs in a three-generation pedigree at 

least one diagnosed <50 

ÅOne individual with MN plus at least one individual with a 
condition indicative of a clinical syndrome predisposing to 
MNs in a three-generation pedigree 

ÅOne individual with MN plus two individuals with solid 
tumors , one diagnosed <50 in a three-generation pedigree 

 



Study Cohort Technique Results Comment 

Zhang J et al 
NEJM 2015 

N=588 (leukemia) 
<20 years 

WGS/WES  
565 genes  
60 cancer genes 
476 other 

26/588 (4.4%)*1 226 VUS in the 60 genes 
4348 non silent mutation in 
the 476 genes 
40% with positive family 
history (FD or SD relative) 

Churpek J et 
al 
Blood 2015 

17 families ≥2 MDS/AML Panel  
264 genes 

5/17 (29%) 67% of asympromatic 
RUNX1 carriers >50: clonal 
hem (VAF: 20-71%) 

Keel S et al 
Haematologi
ca  
2016 

98 AA (<18: n=53,  
18-40: n=45)*2 

135 MDS (<18: n=46, 
18-46: n=64)*3 

Panel BMFS 5/99 AA (5%) 
2 DC, 2 MPL, 1 TP53 
15/113 (13.6%) 
5 GATA2, 4 DC, 3 TP53,  1 
SDS, 1 RUNX1, I FA 

AA: 2/5 *2 
MDS 12/15: *3 

Bluteau et al 
Blood 2017 

179 pts with inherited  
BMF suspicion non-FA 
37% >18 

WES 86/179 (48%)  52% neg 

Schwartz J et 
al 
Nat Com 17 

77 children WES (n=54) 
TSCA (n=23) 

6/77 (8%) 
2 NF1, 2 NRAS/PTPN11, 
1 RUNX1, 1 GATA2 

8 VUS SAMD9/SAMD9L 

Dinardo et al 
CLML 2016 

BMF/MDS/AA <50, n=8 (A) 
RUNX1/GATA2/CEBPA+, 
n=17 (B) 
HM+ MM or +FH, n=13 (C) 
HM+ +HFH, n=11 

Panel (28 genes) A: 3/8, FA, DC, RUNX1 
B: 2/17, RUNX1 
C: 2/13, TP53 
D:2/11, RUNX1, DDX41 

*1: The lowest prevalence of germline mutations despite the inclusion of hypodyploid ALL 
*2: positive family history : 40%, Physical anomalies: 11% 
*3: positive family history : 52%, Physical anomalies: 24% 



Who to test for HHMs 

Young individuals (<50) with MNs (AML/MDS) 
independently of a positive family history 

Young individuals (<50) with long-lasting cytopenias  
ÅFamily history? 

 

Patients with MN and a positive family history  
ÅTwo individuals with MNs in a three-generation pedigree at 

least one diagnosed <50 

ÅOne individual with MN plus at least one individual with a 
condition indicative of a clinical syndrome predisposing to 
MNs in a three-generation pedigree 

ÅOne individual with MN plus two individuals with solid 
tumors , one diagnosed <50 in a three-generation pedigree 

 



What to ask the patient? 

Churpek et al. Blood 2016 



Who to test for HHMs 

Patients with MNs with a germline mutation detected 
during the diagnostic work up of the MN 
ïnear-heterozygous (40%-60%) or near-homozygous (90%) 

 

 

 

 

Family relatives of an index patient diagnosed with 
MN-GP 

 



Drazer MW et al. Blood advances 2017 

Identifying the ”germline” in the clone 



Who to test for HHMs 

Patients with MNs with a germline mutation detected 
during the diagnostic work up of the MN 
Ánear-heterozygous (40%-60%) or near-homozygous (90%) 

 

 

 

 

Family relatives of an index patient diagnosed with 
HMM 

 



Which is the optimal methodology? 

Family history 
and/or 

signs/symptoms 

Yes 

No 
WES/WGS approaches 

Panels 

Targeted analysis  
+functional studies (if possible) 

Known pathogenic 
variant Targeted analysis 



How I treat HHMs? 

Due to the young age: Intention to cure 

 

Should we offer Allo-HSCT to all young patients with HHM? 

 

The clonal genetic background may determine the 
therapeutic approach 

 

Surveilance of other organs in case of a syndromic condition 

Codley/Shimamura. Blood 2017 



Key to understanding the development of the HHM:  
In depth characterization of the clone 

All HHMs will be analysed with both traditional and 
novel methodologies 

 

If no somatic variant is detected: performance of  WES 



Follow-up of ”healthy” carriers 

Codley/Shimamura. Blood 2017 



Follow-up of ”healthy” carriers 

Baseline (when???) 
ÅBone marrow biopsy 

ÅCytogenetics 

ÅNGS 

 

Follow-up 
ÅBlood status every 6 months 

ÅNGS  1-2 years (blood) 

ÅBiobanking of samples including serum/plasma 

 

Surveilance of all organs that may be affected in case of 
a syndromic condition 

 



Follow-up of ”healthy” carriers 

Change of the blood status 
ÅRepeat BMB/Cytogenetics/NGS 

 

Detection of a novel somatic variant without any 
change of the blood status 
ÅRepeat NGS in 3-6 months (family history, type of 

mutation, VAF, number of mutations, dynamics 
overtime) 

ÅBlood status every 3 months 

ÅBMB if >1 mutations or if VAF>20% 



Disease evolution in familiar AML/MDS 

ÅClonally skewed hematopoiesis frequently preceds 
development of AML/MDS 

 

ÅSpecific ”partners” in clonal evolution 
ÅGATA2: ASXL1, -7, +8 

ÅRUNX1: CDC25C, BCOR, ASXL1, del(5q) 

 

ÅCan the emergence of a high risk genetic feature 
justify an early intervention? 



Still many unanswered questions 

ÅWhen should we be able to verify/exclude a HHM 
diagnosis? 

 

ÅShould we perform skin biopsy to all patients? 

 

ÅWhat about families with high suspicion of HHM 
where no pathogenic variant could be identified? 

 

ÅWhen is the optimal timing for genetic counseling? 
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Questions? 

First publication RUNX1 CEBPA 
GATA2 
ANKRD26 

SRP72 
ETV6 
DDX41 
ATG2B 
   SAMD9 
   SAMD9L 


