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Agarose gel electrophoresis

Seek and you shall find
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qPCR

Seek harder and you shall find more
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Found in ~10% of healthy volunteers



NGS

 Large gene panels to screen patients

 17 182 healthy patients – 160 genes

 LOD: 3,5% (SNVs) 7,0% (indels)

Seek harder and you shall find more
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Not alle genes are created equal

 ‘DTA genes’ most prevalent: DNMT3A / TET2 / ASXL1

 Mean / median frequency ~10%

 Most patients only have one mutation

Seek harder and you shall find more
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Jaiswal et al., NEJM 2014



To infinity and beyond 

NGS – Deep sequencing
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Jaiswal and Ebert, Science 2019

ECS: error-corrected sequencing

WES: whole exome sequencing

WGS: whole genome sequencing



 50 000 – 200 000 hematopoietic 

stem cells 

 10 000 000 000 to 500 000 000 000 

new blood cells every day

 2-3 million RBC / second

 Low frequency variation:

 Expected just by chance

 Higher frequency variation:

 growth advantage => clonal 

population

Hematopoietic stem cells
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From ARCH to CHIP and further

 CHIP: Clonal Hematopoiesis of Indeterminate Potential (definition according to NIH)

 The presence of somatic mutations in hematopoietic stem cells in an individual without a detectable 

hematologic cancer. The definition of CHIP requires that mutations are present with a variant allele 

frequency of 2% or higher and they are located in genes described to be affected in hematologic 

cancers. 

 Cut-off chosen due to technical reasons (< 2% more difficult to distinguish from sequencing artefact)

How do you define normal?
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Weeks and Ebert, Blood 2023



When does it begin?

 Single cell sequencing and 

phylogenetic clustering on 

shared passenger mutations

 Origins of CHIP mutations can 

be traced back to very early 

age

 Initial mutations are predicted 

to have occurred even before 

birth!

NGS – Single cell sequencing

/  11Williams et al., Nature 2022

pc: post conception



 Genome wide association study (GWAS) in 43 619 CHIP 

carriers and 598 761 controls

 Genetic variant in MSI2 (Musashi RNA-binding protein 2) 

controlling its expression

 1 or 2 copies of this variant confer a ~20-30% reduced 

risk of CHIP, most prominent for JAK2

 (overall 20% reduced risk for myeloid malignancy)

Are we doomed?
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Some of us (~5-6%) are protected …



But be careful what job you choose
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Complications 

 Mutation analysis of lung tumors shows the 

presence of clonal hematopoietic cells in the 

solid tumor

 26% of patients with CHIP have TI-CHIP

 Where is the mutation?

 DNMT3A / TET2 / ASXL1 / PPM1D: not 

typically found in solid tumors

 TP53? 

Coombs et al., Clin Canc Res 2018

 65% of solid cancer patients have mutations 

in CHIP genes (of which half is in TP53)

 8% of detected mutations are clonal 

hematopoiesis events 

Impact in other tumors
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Clonal outgrowth is not restricted to blood
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Acha-Sagredo et al., Ann Oncol 2022

By the time we’re old, our cells are less identical 

twins and more distant cousins.



Does CHIP hurt? Is CHIP bad? Is it cancer? 
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Clonal populations

 CHIP: Clonal Hematopoiesis of Indeterminate Potential 

 characterized by low frequency mutations

 T-CUS: T-cell Clones of Unknown Significance 

 no evidence yet for somatic mutations (Semenzato et al., Haematologica 2025)

 MGUS: Monoclonal Gammopathy of Undetermined Significance

 same mutations as multiple myeloma orginating from the MGUS (combination of SNVs, copy-number 

alterations and chromosomal translocations (Alberge et al., Nature Genetics 2025))

 MBL: Monoclonal B-cell Lymphocytosis

 same mutations as CLL originating from the MBL

Acronyms
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• Asymptomatic clonal expansion of either plasmacells, lymphoid or myeloid cells

• Not meeting criteria for active hematologic malignancy (myeloma, lymphoma, 
leukemia, MDS)

• Often incidental finding based on abnormalities on routine laboratory assessment 
in otherwise healthy asymptomatic adults

• May develop into cancer 

Precursor hematologic conditions
MGUS, MBL, CHIP & TCUS



• Asymptomatic clonal expansion of either plasmacells, lymphoid or myeloid cells

Precursor hematologic conditions

MGUS: monoclonal gammopathy of 
undetermined significance

MBL: monoclonal B-cell lymphocytosis TCUS: T-cell clones of uncertain significance

CHIP: clonal hematopoiesis of indeterminate 
potential



Clonal hematopoiesis of indeterminate potential (CHIP)

• detection of ≥1 somatic mutations in genes associated with hematological malignancies in 
hematopoietic cells of healthy individuals (with variant allele frequency (VAF) ≥2%)

• absence of unexplained cytopenias

• absence of diagnostic criteria for defined (myeloid) neoplasms

X

X



Guo, Meiqi Curr Opiin Hemato, 2025.

Clinical implications of CHIP



Bejar R, Leukemia, 2017. Guo, Meiqi Curr Opiin Hemato, 2025.

Clinical implications of CHIP

Increased risk of 

• hematologic neoplasms (absolute risk of 0.5-1% per year)

VARIATION OF RISK ASSOCIATED WITH CLONAL HEMATOPOIESIS

IN DIFFERENT CLINICAL CONTEXTS



CHIP

Genovese G., NEJM 2014; Niroula A., Nat. Med. 2021

Top 25 myeloid and lymphoid driver genes mutated in MGBB cohort



Guo, Meiqi. Curr Opin Hemato, 2025.

Clinical implications of CHIP

Increased risk of 

• hematologic neoplasms (absolute risk of 0.5-1% per year)

• cardiovascular disease (acute myocardial infarction, 
ischemic stroke)



• Asymptomatic clonal expansion of either plasmacells, lymphoid or myeloid cells

Precursor hematologic conditions

MGUS: monoclonal gammopathy of 
undetermined significance

MBL: monoclonal B-cell lymphocytosis TCUS: T-cell clones of uncertain significance

CHIP: clonal hematopoiesis of indeterminate 
potential



• Serum monoclonal protein (M protein ) of <3 g/dL
• Clonal bone marrow plasma cells <10%
• Absence of CRAB symptoms  

✓ hypercalcemia
✓ renal insufficiency
✓ anemia
✓ bone lesions

• 3 clinical subtypes
✓ IgM MGUS 
✓ non-IgM MGUS
✓ (light chain) LC-MGUS

Definition of MGUS

Based on heavy chain: 
70% IgG, 15% IgM, 12% IgA, 3% biclonal



Prevalence of MGUS

Kyle RA. et al. N Engl J Med 2006; Murray D Blood Cancer 2019

• 3% of general population >50y
• 1,7% in 50-59y
• >5% in over 70y
• M>F



Clinical impact of MGUS

Landgren O. Blood 2009. Rajkumar SV. NEJM, 2025. Kyle RA, NEJM, 2018

Risk of malignant progression

Type of MGUS Type of progression Risk of progression

Non-IgM MGUS Multiple myeloma 
Solitary bone or extramedullary 
plasmocytoma

1% per year

IgM MGUS Waldenström macroglobinemia 1.5% per year 

LC-MGUS Light chain multiple myeloma 
Solitary bone or extramedullary 
plasmocytoma

0.3% per year
• risk of progression of MGUS to 

myeloma or related disorder over a 
lifetime is only 10%

• 90% NEVER progress until death

• MGUS: +/-1% risk of progression
• subtypes of MGUS have different progression phenotypes 



• Asymptomatic clonal expansion of either plasmacells, lymphoid or myeloid cells

Precursor hematologic conditions

MGUS: monoclonal gammopathy of 
undetermined significance

MBL: monoclonal B-cell lymphocytosis TCUS: T-cell clones of uncertain significance

CHIP: clonal hematopoiesis of indeterminate 
potential



Classification of MBL  

Diagnosis of MBL

 immunophenotype

 clone size

0.4% of total lympho, abs. abn. B-cells  0.08 × 109/L 88% of total lympho, abs. abn. B-cells  4.44 × 109/L



Classification of MBL  

Definition and classification of MBL

 immunophenotype

 clone size

WHO 2022

• Low-count MBL
• clone size <0.5×109/L
• CLL/SLL-like phenotype (CD5+, CD20dim) 

• CLL/SLL-type MBL 
• clonal B-cell count 0.5-5 ×109/L
• CLL/SLL-like phenotype

• Non-CLL/SLL-type MBL
• clonal B-cell expansion without typical 

CLL/SLL phenotype (CD20+, CD5-)
• often markers associated with MZL

ICC 2022 (cfr WHO 2018)

• CLL-type MBL 
• low count
• high count

• Non-CLL type MBL

• Atypical CLL-type MBL (CD5-)



Prevalence of MBL

4%

42%

Slager SL, et al. Blood 2022, Serafin A, et al. Hem Onc 2025

Remark: differences in size, age, assay sensitivity



Familial aggregation of 
MBL and CLL

Prevalence of MBL

Rawstron AC , et al. Blood 2002

Higher prevalence of MBL 
in first degree relatives of 

CLL patients / families3.5%

13.5%

healthy controls (n=910)
59 healthy first-degree relatives of CLL patients

N=8
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Risk of progression to a hematological malignancy

Clinical implications of MBL

Progression of MBL: a screening study of 10 139 individuals

Slager SL. Blood, 2022 

3.3%

1.1%

5.8%

0.8%

Risk in HC-MBL >> LC-MBL
(74 fold increased risk versus 4.3 fold)

Including CLL, DLBCL, MCL, MZL, …

(6.1%)
(6%)
(1.2%)

(1.2%)



Clinical implications of MBL

Solomon BM, et al. Leukemia 2016; Vallejo BA, et al. J.Clin Onc 2024

Non-hematologic cancer in individuals with 
CLL and HC-MBL compared with controls

Time from diagnosis to non-hematologic cancer

MBL associated with 
increased risk of solid 

tumors and skin cancers

Cumulative incidence for melanoma in MBL Risk of second neoplasia



Clinical implications of MBL

Shanafelt et al. Leukemia. 2021

Risk of serious infection
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• Asymptomatic clonal expansion of either plasmacells, lymphoid or myeloid cells

Precursor hematologic conditions

MGUS: monoclonal gammopathy of 
undetermined significance

MBL: monoclonal B-cell lymphocytosis TCUS: T-cell clones of uncertain significance

CHIP: clonal hematopoiesis of indeterminate 
potential



• Presence of persistent circulating monoclonal T-cells in blood, in otherwise healthy subjects, ie. 
in the absence of data of T-cell malignancy

Definition T-CUS

Shi M. et al. Mod. Path, 2020



T-CUS: clonality



T-CUS: clonality



T-CUS: clonality

Van der Beemd R, et al; Cytometry A, 2000



G Semenzo, Haematologica. 2025. P. Horna, Blood Cancer 2024

T-CUS: clonality



Shi M et al., Mod, Path 2020

T-CUS: clonality



Horna P et al., Blood Canc J. 2024

T-CUS: clonality



• Presence of persistent circulating monoclonal T-cells in blood, in otherwise healthy subjects, ie. 
in the absence of clonical and biological data of T-cell malignancy

• T-CUS exhibit immunophenotypic features closely resembling those of T-LGLL

Definition T-CUS



Presentation A. Orfao, RBSLM, 2025



• Presence of persistent circulating monoclonal T-cells in blood, in otherwise healthy subjects, ie. 
in the absence of clonical and biological data of T-cell malignancy

• T-CUS exhibit immunophenotypic features closely resembling those of T-LGLL

Definition T-CUS

G Semenzo, Haematologica. 2025; Teramo A. et al IJLH, 2025



• Presence of persistent circulating monoclonal T-cells in blood, in otherwise healthy subjects, ie. 
in the absence of clonical and biological data of T-cell malignancy

• T-CUS exhibit immunophenotypic features closely resembling those of T-LGLL

Definition T-CUS

G Semenzo, Haematologica. 2025



• Presence of persistent circulating monoclonal T-cells in blood, in otherwise healthy subjects, ie. 
in the absence of clonical and biological data of T-cell malignancy

• T-CUS exhibit immunophenotypic features closely resembling those of T-LGLL

Definition T-CUS

G Semenzo, Haematologica. 2025

Essential criteria 5th WHO : increase in 
circulating cytotoxic T-cells (often 

2x10e9/L, but may be lower)



• Presence of persistent circulating monoclonal T-cells in blood, in otherwise healthy subjects, ie. 
in the absence of clonical and biological data of T-cell malignancy

• T-CUS exhibit immunophenotypic features closely resembling those of T-LGLL

Definition T-CUS

G Semenzo, Haematologica. 2025

desirable criteria 5th WHO : STAT3 or 
STAT5B mutation 



Presentation A. Orfao, RBSLM, 2025



G Semenzo, Haematologica. 2025

Clinical impact of T-CUS 



Clinical impact of T-CUS 

Debunne N. et al IJLH, 2025

N=36
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