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CHIP DEFINITION



The Molecular Pathogenesis of Acute Myeloid Leukemia, K Tawana ert al, Leukemia lymphoma 2016

Gustave Roussy :
NGS Panel : 74 genes (C.Marzac) 

AML : Molecular characterization 



§ 10 % healthy adults > 65 years

§ Somatic mutations : epigenetic
regulators

§ 10 times the risk of a hematologic 
cancer VAF > 10% (LNH/AML)

§ Increase in all-cause mortality 
(including coronary heart disease, 
ischemic stroke)

§ 95% of individuals studied (VAF 0.0003)

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 371;26 nejm.org december 25, 20142482

DNA sampling (Table S6 in the Supplementary 
Appendix) than participants without any detect-
able putative somatic mutations (hazard ratio, 
12.9; 95% confidence interval [CI], 5.8 to 28.7; 
P<0.001 by Cox proportional-hazards analysis of 
time to a diagnosis of hematologic cancer, with 
adjustment for age and sex) (Fig. 3A). Participants 
with candidate drivers and those with unknown 
drivers had similarly elevated risks (Fig. 3B). Of 
the 31 participants who received a diagnosis of 
hematologic cancer more than 6 months after 

DNA sampling, 13 participants (42%) had shown 
clonal hematopoiesis in their initial DNA sample 
(Fig. 3C). Participants with clonal hematopoiesis 
were also more likely than those without clonal 
hematopoiesis to have a history of hematologic 
cancer, though this did not contribute to the above 
result (Table S7 in the Supplementary Appendix).

Participants with clonal hematopoiesis had 
reduced overall survival (hazard ratio for death, 
1.4; 95% CI, 1.0 to 1.8; P = 0.03 by Cox propor-
tional-hazards model, with adjustment for age 
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Figure 3. Risk of Hematologic Cancer for Participants with Clonal Hematopoiesis.

Panels A and D show Kaplan–Meier plots of the proportions of participants who did not receive a diagnosis of hematologic cancer 
(Panel A) and for surviving participants (Panel D). Panels B and E show hazard ratios for hematologic cancer (Panel B) and death  
(Panel E) for participants with exactly one putative somatic mutation and no candidate drivers (one mutation), those with exactly two 
putative somatic mutations and no candidate drivers (two mutations), those with clonal hematopoiesis and unknown drivers (CH-UD), 
those with clonal hematopoiesis and candidate drivers (CH-CD), and those having clonal hematopoiesis with candidate or unknown 
drivers (CH), all compared with participants with no candidate drivers and no putative somatic mutations (no mutations). Panel C 
shows the proportions of participants who had clonal hematopoiesis with candidate or unknown drivers among 31 participants in 
whom hematologic cancers were diagnosed at least 6 months after DNA sampling, as compared with the proportions in a group of age-
matched persons without hematologic cancer over a similar follow-up period.

The New England Journal of Medicine 
Downloaded from nejm.org on September 19, 2016. For personal use only. No other uses without permission. 

 Copyright © 2014 Massachusetts Medical Society. All rights reserved. 

Young et al, Nat Com 2016

Clonal hematopoiesis of indeterminate potential
(CHIP) in healthy patients

Jaiswal S et al, NEJM 2014.
Genovese G et al, NEJM 2014.



Clonal hematopoiesis (CHIP)

Danlos et al, Rev Med Interne 2019 
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CHIP & Cancer



CHIP and Cancer

CC Coombs, Cell stem 2018

§ 25% in cancer patients

§ No associations across cancer categories

§ ➚ PPM1D/TP53 mutations

§ Increased risk of hematologic cancers

§ impacts survival from nonhematologic cancers



Cancer therapy shapes the fitness landscape of
clonal hematopoiesis

Kelly L. Bolton, Nat Gen 20201

Mutations selected differentially based on 
exposures :
§ ASXL1 Current or former smokers 
§ DNA damage response genes (TP53, PPM1D, 

CHEK2) :cancer therapy with radiation, platinum 
and topoisomerase II inhibitors

24,146 patients



11

CHIP & Biopsie(s)



CHIP and Cancer Biopsy

Severson EA, Blood 2018

Detection of CHIP-associated 
alterations in comprehensive genomic 
profiling of solid tumor specimens (113 
079 solid tumors)



CHIP in liquid Biopsy

are needed on the clinical implications of clonal hematopoiesis in
NSCLC. Indeed, Coombs and colleagues reported impaired sur-
vival among some patients with concerning mutations in clonal
hematopoiesis that was not linked to the development of a
secondary malignancy but from worse outcomes from their
primary cancer diagnosis.

Nevertheless, the authors should be commended for their
findings, which have important clinical implications. As the
authors noted, a KRAS mutation identified in plasma does not
necessarily imply that a patient's tumor harbors KRAS, as this
could be a consequence of clonal hematopoiesis. Although
KRAS is not currently a targetable aberration, the near mutual
exclusivity of KRAS mutation and other targetable molecular
alterations may erroneously cause a clinician to stop tissue
genotyping efforts whether KRAS was identified in cfDNA.
When one considers the exponential increase in the number
of targets for NSCLC coupled with highly active therapies that
have emerged in the past decade alone, it becomes clear that
any result that limits appropriate patient access to these agents
is of major concern. These findings amplify our current prac-
tices regarding cfDNA testing; they are an excellent adjunct to
rule in a targetable aberration but have a limited role in ruling
out a target.

Multiple trials are currently underway to utilize cfDNA to
identify early recurrences or minimal residual disease after cura-
tive intent therapy (6). The authors appropriately raise a concern
that the identification of a mutation associated with clonal
hematopoiesis after a curative approach could prompt a clinician
to inappropriately suspect recurrence. The authors advocate con-
current sequencing of PBCs as done in their study to compare
and confirm the presence of tumor DNA. We would suggest an
alternative approach would be performing DNA sequencing on
the original tumor that informs patient-level assay construction of
a more targeted list of mutations to utilize in subsequent cfDNA

assessment. The principle remains valid, however. Simply detect-
ing a mutation on cfDNA is insufficient to prove recurrence, and
further study on the clinical utility of cfDNA in this setting is
warranted.

Despite the appropriate caution these findings provide
toward the use of cfDNA, it is important to remember a few
key points. The vast majority of mutations reported in clonal
hematopoiesis are nonoverlapping with mutations frequently
identified in solid tumors. To our knowledge, molecular aber-
rations that are associated with guideline-recommended ther-
apy for NSCLC have not been reported in clonal hematopoiesis.
As such, when patients with NSCLC have a targetable molecular
aberration on cfDNA, it remains appropriate to treat this as a
clinically actionable result.

As plasma-based NGS platforms continue to increase their
breadth and depth of analysis, clinicians will facemore challenges
in isolating what is clinically actionable in the setting of increased
levels of "noise." Although these findings add an appropriate level
of caution to the use of cfDNA, we continue to feel that cfDNA
testing is an important tool in the diagnosis and management of
NSCLC. Indeed, it is possible that some of the noise from clonal
hematopoiesis could have clinical import and thus be a separate
"signal." It is our hope that future prospective efforts throughboth
industry and cooperative groups will mandate plasma to enable a
firmer understanding of how to best interpret and utilize this
unique biospecimen.
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Figure 1.
cfDNA biospecimen contains
multiple sources of DNA including
clonal alterations, subclonal
mutations, clonal hematopoietic
aberrations, and other sources of
DNA including germline, fetal,
post-organ transplant, or
concomitant malignancies. WBC,
white blood cell.

www.aacrjournals.org Clin Cancer Res; 24(18) September 15, 2018 4353

Clonal Hematopoiesis: A New Layer

on November 21, 2018. © 2018 American Association for Cancer Research.clincancerres.aacrjournals.org Downloaded from 
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J Bauml, CCR 2018

Hu Y, Ulrich BC  et al..Clin Cancer Res 2018

JAK2 mutations, some TP53 mutations, 
and rare KRAS mutations detected in 
cfDNA are derived from CH not tumor. 

J. Chabon, Nat 2020

• VAFs of CHIP in blood samples correlated with 
CHIP in plasma samples

P Razavi, Nat Med 2019

• Important to recognize CHIP as a possible cause 
of misattribution of mutation origin
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CAS CLINIQUE N°1



05/03/202415

Patiente de 68 ans, 
Cancer du sein carcinome canalaire infiltrant
4ème ligne de traitement

Résultats : 
TP53 A39fs*5 (0,21 %)
IDH2R140Q (5.4%)

La patiente est éventuellement incluable dans un “basket trial” ouvert
aux patients atteints de cancer IDH mutes :
“Testing Olaparib and AZD6738 in IDH1 and IDH2 Mutant Tumors”



QUESTION

Que faites-vous ? 

1. Prévoyez d’inclure le patient au plus vite dans ce protocole ?
2. Vérification de la présence des anomalies sur la biopsie tumorale ?
3. Vérifier NGS sur sang total ?
4. Vérification de la prise de sang ?



Suivi

§ NFS : 
§ 15800 GB dont 2500 monocytes (présent avant la rechute)
§ 10,8 hg (aregenerative) 
§ 350 109/l plaquettes 

§ Myélogramme : 
§ Moelle de richesse augmentée, comportant des signes très marqués de dysérythropoïèse, et plus 

discrets des les lignées granuleuse et mégacaryocytaire. Petit excès de cellules immatures estimé à 6%.

§ CONCLUSION
§ Profil cytologique concordant avec une LMMC1

§ NGS confirme l’existence de la mutation IDH2 + mutation ASXL1 25% et SRF2
VAF 27%



Cancer-associated mutation and beyond: The emerging biology of isocitrate dehydrogenases in human disease, Volume: 5, Issue: 5, DOI: (10.1126/sciadv.aaw4543) 

Mutations IDH1&2 : certains type de cancers solides + 
Pathologies hématologiques LAM/MDS/LMMC

Spectre des mutations IDH



Mauvaise orientation thérapeutique

M. Aldea et al, Annals oncol 2021

2014 : stage IV bladder carcinoma with 
liver metastases (platinum plus 
gemcitabine) :CR1
2015 lung progression, atezolizumab : 
CR2
2021, isolated splenic nodules CT-scan 
suspicion of relapse. 

Molecular profiling of ctDNA :
CREBBP gene (P874fs*4 and Q200*) 
NOTCH2 gene (Q2389*)
Suspicion of lymphoma. 

10% had CHIP variants used for US FDA 
approved indications of PARPi treatment

Splenectomy : non-germinal center 
large B cell lymphoma 
Patient started R-CHOP regimen.



TAKE HOME MESSAGE

§ Ne pas sur interpréter des résultats de biopsies liquides !
§ Résultats en accord avec la pathologie

§ Ne pas mésestimer d’autres diagnostics : Hémopathies (IDH, JAK2 …) ou 
autre cancer
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CAS CLINIQUE N°2



22
Patient 52 ans
Adénocarcinome bronchique
OMS actuel : 0
Métastatique : Oui

Traitements
Nombre de lignes de traitement antérieures : 3

Mutation identifiée sur la tumeur : 
EGFR exon 21

Protocole : FMI liquide
Panel : Foundation One Liquid CDx
Site biopsie : sang

TET2 Q910* (0,75 %), R123fs*5  (0,78 %)
DNMT3A W330 (0,52%)
TP53 H214fs*4 (0,30 %)

FoundationOne Liquid Biopsy :
Panel de 311 gènes mutés de façon 
récurrente en oncologie
• 33 gènes  présents sur le panel NGS 

myéloïde
• 10 gènes récurrents (JAK2, MPL, 

ASXL1, DNMT3A, TET2, U2AF1, 
SF3B1, IDH1,IDH2, TP53)



QUESTION

Que concluez-vous ? 

1. Proposition d’un essai spécifique sur une de ces anomalies ?
2. Confirmer l’existence de ces mutations sur la biopsie tumorale ?
3. Refaire la biopsie liquide ?
4. Prévoir une consultation hématologique ?



Suivi

§ Mutation connue non retrouvées sur la biopsie liquide (EGFR exon 21)

§ Probable échec de biopsie liquide

§ Mutations somatiques présentes probablement d’origine 
hématopoïétique, à ses seuils très bas (<2%), incidence de CHIP élévée
dans la population générale

§ Qui adresser à un hématologue ?

§



CHIP à Haut risque : Recommandations 

Les patients à haut risque sont définis 
par :

§ Présence de mutations associées à un haut 
risque de therapy related myeloid neoplasms
ou connues pour avoir une expansion clonale 
post chimiothérapie, (TP53, PPM1D, DNMT3A 
R882H)

§ Fréquence allélique supérieure à 10 %

§ Présence de plusieurs mutations CHIP



TAKE HOME MESSAGE

§ Attention aux faux négatifs 
§ Pas de suivi systématique des hématopoïèses clonales !

Recommandations Gustave Roussy :
§ Cytopénies ou monocytose inexpliquées (Hg < 10 g/dl, et/ou pq < 100 G/l, 

et/ou PNN < 1 G/l et/ou Mono > 1G/l) 
§ Mutation JAK2 quelque soit la VAF + Thrombocytose ou polyglobulie ou 

monocytose
§ Patients avec survie potentielle > 6 mois

§ Mutation récurrente isolée VAF > 10% surtout si cytopénies/monocytose
§ Association de mutations récurrentes (>1) avec VAF > 2% surtout si cytopénies/monocytose
§ Mutation « actionnable » avec doute sur l’origine mutationnel (« Hémato » ou « Onco ») et 

impossibilité de vérifier sur la tumeur, si VAF > 1 % pour NGS sur sang total
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CAS CLINIQUE N°3



Femme de 68 ans

Pas d’ATCD

Juin 2015 : Adenocarcinome endometrioide de l’ovaire métastatique traité 
par débulking et 6 cures de  chimiothérapie CARBOPLATINE-TAXOL adjuvant.

Juin 2017 : Récidive péritonéale
CA 125 était à 200 U/ml à la rechute.
Biopsie : mutation de l'exon 5 du gène TP53, c.524 G>A ; p.Arg175His.
Fréquence allélique 66%

Proposition de protocole expérimentale avec Suivi en de la MRD sur TP53
Traitement CARBOPLATINE TAXOL quatre cures.



Suivi

Suivi des mutations TP53 de l’ADN tumoral circulant : Réponse dissociée
Disparition du clone TP53 R175H, apparition d’un clone TP53 C242S

Le Pet-scanner réalisé au décours de C4 montre une réponse métabolique complète. 
Anémie macrocytaire Grade 1



QUESTION

Quelles sont vos hypothèses ? 

1. Echec de traitement ?
2. Clone de résistance tumorale ?
3. CHIP ?
4. Hémopathie sous jacente ?



Explorations

Dans ce contexte, il est décidé de ne pas opérer et de poursuivre la chimiothérapie 
par CARBOPLATINE / TAXOL avec un traitement d'entretien.

Suivi hématologique établie (surveillance car CCUS)

Exploration de son anémie n’a 
pas mis en évidence 
d’hémopathie

NGS moelle retrouve la mutation 
TP53 C242S ainsi qu’une 
mutation DNMT3A mais pas de 
mutation TP53 R175H



Jan, M. and R. Majeti. Oncogene, 2013 

D Steensma et al, Blood 2015

CHIP/AML un continuum ?

§ MDS : Myelodysplastic Syndrom
§ ICUS: Idiopathic Cytopenias of Undetermined

Significance
§ IDUS: Idiopathic Dysplasia of Undetermined

significance
§ CHIP: Clonal Hematopoiesis of  Indeterminate

Potential



Sagi Abelson et al, Nature 2018Pinkal Desai et al, Nat Med 2018

• Higher variant allele frequencies
• IDH2, TP53 and RUNX1 mutations almost always 

predictive of development of AML. 
• AML demonstrated greater clonal 

complexity than controls

CHIP & AML PREDICTION



TAKE HOME MESSAGE

§ TAKE HOME MESSAGE 1 & 2 !

§ Impossible de différencier des mutations TP53 « hémato » vs « onco »
§ Cs Hémato surtout si cytopénies 

§ En cas de doute sur l’origine mutationnel (« Hémato » ou « Onco ») et 
impossibilité de vérifier sur la tumeur, si VAF > 1 % pour NGS sur sang total



MERCI DE VOTRE ATTENTION


