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Come da nuova regolamentazione della Commissione Nazionale per la Formazione Continua del  Ministero della Salute, è richiesta la 
trasparenza delle fonti di finanziamento e dei rapporti con soggetti portatori di interessi commerciali in campo sanitario.

• Posizione di dipendente in aziende con interessi commerciali in campo sanitario (NIENTE DA DICHIARARE)

• Consulenza ad aziende con interessi commerciali in campo sanitario (NIENTE DA DICHIARARE)

• Fondi per la ricerca da aziende con interessi commerciali in campo sanitario (NIENTE DA DICHIARARE)

• Partecipazione ad Advisory Board (Bristol Myers Squibb, Bluebird Bio)

• Titolarietà di brevetti in compartecipazione ad aziende con interessi commerciali in campo sanitario (NIENTE DA DICHIARARE))

• Partecipazioni azionarie in aziende con interessi commerciali in campo sanitario (NIENTE DA DICHIARARE)



• Etiology of clonal hematopoiesis 

• Clinical implications of clonal hematopoiesis

• Hematologic malignancies

• Non-hematologic outcomes

Educational Objectives: 



Somatic mutations in hematopoietic tissue

Proliferation
Self-renewal

Tomasetti et al. Science 2015



Somatic mutations in hematopoietic tissue

Jaiswal, Ebert Science 2019;366:eaan4673
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Age-related Clonal Hematopoiesis or Clonal Hematopoiesis
of Indeterminate Potential (CHIP)

Defined as cancer-associated clonal mutation 
with VAF > 2% in blood of “healthy” individuals  

Common with aging, particularly age > 40 

Direct connection between clonal 
hematopoiesis and myeloid malignancies

Associated with adverse outcome
Jaiswal S et al. N Engl J Med 2014
Genovese et al. N Engl J Med 2014
Xie et al. Nat Med 2014
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CHIP as a precursor for hematologic malignancies

David P. Steensma et al. Blood 2015;126:9-16 



CHIP and progression to myeloid malignancy

Rate of progression 0,5-1%

Gondek L, Lancet Haematology 2020

95%



Prediction of Risk for Myeloid Malignancy in Clonal Hematopoiesis 

Abstract # 926

Lachelle D. Weeks, Abhishek Niroula, Donna S. Neuberg, Waihay J. Wong,  R. Coleman Lindsley, Marlise R. 
Luskin, Nancy Berliner, Richard M. Stone, MD, Daniel J DeAngelo, Robert J Soiffer, Md Mesbah Uddin, 
Christopher J. Gibson, Alexander G. Bick, Gabriel K. Griffin, Siddhartha Jaiswal, Luca Malcovati, Pradeep 
Natarajan and Benjamin L. Ebert



Study objectives and cohort

1. IdenQfy features that predict risk of incidence of myeloid neoplasm in 
people with CHIP/CCUS 

2. Derived a clinically useful risk model that disQnguishes high risk from low 
risk CHIP/CCUS

UK Biobank (>500,000)
Independent validaQon cohort from DFCI and University of Pavia



Genotypes associated with MN incidence

Myeloid neoplasm (MN)
incidence: 2.37%



Features prognostic of incidence of MN



Clonal Hematopoiesis Risk Score (CHRS) 



CHRS and survival in 2 independent cohort



CHIP and cardiovascular disease

Jaiswal S et al. N Engl J Med 2014

CHIP and cardiovascular disease



CHIP and cardiovascular risk factors

Jaiswal S et al. N Engl J Med 2017
Jaiswal, Ebert Science 2019



Libby et al. Circulation 2018
Jaiswal et al. NEJM 2017
Fuster et al. Science 2017

CHIP-mediated inflammation and cardiovascular disease



CANTOS trial – anti IL-1β in CVD prevention

Ridker, NEJM 2017

Svensson E, JAMA Cardiol 2022

CANTOS participants(n=3925) 
• CHIP  (8.8%) 
• TET2 > DNMT3A most common
• MACE higher in DNMT3A/TET2 patients then in placebo 

arm (HR=1.76, p=0.037)
• TET2 patients improved response to canakinumab 

(HR=0.36, p=0.034). 

• Canakinumab Anti-Inflammatory Thrombosis Outcome Study (N= 10,061)
• Secondary prevention of MACE in patients with elevated hsCRP
• MACE defined as nonfatal MI, stroke or cardiovascular death



Canakinumab Effects on Erythropoiesis, Cardiovascular Risk, and Clonal 
Hematopoiesis: Proteogenomic Analysis of the Cantos Randomized 
Clinical Trial

Abstract # 929

Janghee Woo, Darlene Lu,  Andrew Lewandowski, Paul M. Ridker, Benjamin L. Ebert and David Steensma



Canakinumab reduces the incidence of anemia

Vallurupalli, Ann Intern Med, 2020



Study design and aims



Canakinumab improved Hgb levels in patients with CHIP 
and anemia



Canakinumab altered key factors of inflammation and RBC 
clearance. 



Canakinumab lowers IL6 and hepcidin levels and 
increases erythroid response



Summary

• CHIP may evolve to hematologic malignancies (0.5-1% per year)

• CHIP is an independent cardiovascular risk factor (HR~2)

• Therapeutic interventions may reduce the risk of CVD and anemia in older 
patients with CHIP/CCUS
- anti-inflammatory therapies directed against IL-1 and IL6



Summary

Jaiswal, Blood 2020



Grazie!

lgondek1@jhmi.edu



The Effect of Clonal Hematopoiesis of Indeterminate Potential (CHIP) and 
Aspirin on Clinical Outcomes in the Healthy Elderly: A Sub-Study of the 
Aspirin in Reducing Events in the Elderly (ASPREE) Randomized Controlled 
Trial

Abstract # 930

Zoe McQuilten, Nicholas C. Wong, Anna Leichter, Le T.P. Thao, James Phung, Andrew J Murphy, Moeen
Riaz, Robert Sebra, Alexander G. Bick, John J. McNeil, Rory Wolfe, Robyn L. Woods, Paul Lacaze, Erica M. 
Wood and David J. Curtis



ASPREE study design and outcome risk factors

McNeil JJ et al. NEJM 2018

Over 12,000 samples (baseline and 3 months)



CHIP with VAF >10% was associated with mortality



CHIP with VAF >10% was associated with cancer both 
hematologic and non-hematologic



CHIP was not associated with cardiovascular events



Effect of Aspirin vs. placebo by subgroup

Asa better Placebo better



Single-Cell Analysis of Human Clonal Hematopoiesis Identifies Distinct 
Impact of DNMT3A and TET2 mutations on Hematopoietic Differentiation

Abstract # 925

Niels Asger Jakobsen, Sven Turkalj, Bilyana Stoilova, Marlen Metzner, Rachel Moore, Batchimeg
Usukhbayar, Mirian Angulo Salazar, Alison Kennedy, Simon Newman, Benjamin Kendrick, Adrian Taylor, 
Rasheed Afinowi-Luitz, Roger Gundle, Bridget Watkins, Kim Wheway, Debra Beazley, Andrew Carr and 
Paresh Vyas



Single cell multiome in primary human HSPC



Single cell multiome in primary human HSPC



DNMT3A mutation leads to expansion of early progenitors



TET2 mutation leads to expansion of late progenitors



Non-cell-autonomous effect on HSPC in CHIP



Non-cell-autonomous effect on HSPC in CHIP



Non-cell-autonomous effect on HSPC in CHIP



Non-cell-autonomous effect on HSPC in CHIP
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