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4[ué es la hematopoyesis clonal?

« Hematopoyesis clonal: cualquier expansion clonal de las células hematopoyéticas.

» Hematopoyesis clonal de significado incierto
(CHIP): Mutaciones somaticas adquiridas en
células hematopoyéticas, asociadas con neoplasia
hematoldgica, que provocan una expansion clonal
en ausencia de citopenias o patologia oncologica.

> VAF >2%

» Micro-CHIP: mutacion propias de CHIP pero VAF
<2%

» Hematopoyesis clonal relacionada con la edad
(ARCH): mutaciones adquiridas de progenitores
hematopoyéticos, que no requiere una VAF
especifica ni la presencia de una mutacion putativa
Impulsora de leucemia.

Steensma D. Blood 2015.
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Hematopoyesis clonal

¢lué genes afecta?
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Reparacion de DNA
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« Tamafo del clon importa - Es frecuente
presentar clones pequenos.

« Depende de la profundidad de lectura de la
tecnica.

Jaiswal. Blood. 2020.



Hematopoyesis clonal

Nelevancia actual
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* Presencia de mutaciones aumenta con la edad:
« Raro en <40 anos
« >75 anos: 9,5% presentan CHIP.
« >90 anos: 18,3%

Jaiswal. NEJM 2014.
Beeler. Nat Cardiovasc Res . 2023



Evolucidn de la hematopoyesis clonal

Evolucion clonal > SMD, SMP o LMA
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oo, o Riesgo de progresion: 0,5-1% anual.
w « Tamano de clon
AT « Numero y tipo de mutaciones
« Edad
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Saadatagah. Translational Research. 2023.

En ocasiones pueden desaparecer




Hematopoyesis clonal como factor de riesgo

Score de riesgo de desarrollar una neoplasia mieloide

Table 2. CHRS Values.*

Prognostic Variable 0.5 1 15 2
Single DNMT3A Present Absent

High-risk mutation Absent

Mutation number 1 =2
Variant allele fraction <0.2 >0.2
Red cell distribution width <15

Mean corpuscular volume <100

Cytopenia CHIP CCus

Age (yr) <65 >65

2.5

Present

* CCUS denotes clonal cytopenia of undetermined significance; CHIP, clonal hematopoiesis of indeterminate potential; and CHRS, clonal

hematopoiesis risk score.

Mutaciones de alto riesgo: JAK2, SF3B1, SRSF2, ZRSR2, U2AF1, FLT3, IDH1, IDH2, NPM1,

RUNX1 y TP53

Bajo riesgo 9.5
Riesgo intermedio:10 to 12
Alto riesgo: >12.5

Weeks LD. NEJM Evid. 2023;2(5):10.1056
Saadatagah S. JAMA Netw Open. 2024;7(1):e2351927.

F 1.004 ____ NoCHIP/cCUS
2 Low risk
5 075+ ioh o
= 022 High risk Intermediate risk
=)

2
a 0.504
,S = No CHIP/CCUS: 10-year survival = 95.8+0.0471%
g 0.25+ = Low risk: 10-year survival = 93.7+0.243%
) Intermediate risk: 10-year survival = 84.0+1.06%
0.004 = High risk: 10-year survival = 51.2+4.51%
1 1 1 I I I I
0 2 4 6 8 10 12
Years

Number at Risk

Time (yr) 0 2 4 6 8 10 12
High risk 123 113 101 86 76 63 25
Int. risk 1,196 1,176 1,141 1,101 1,051 1,005 354
Low risk 10,018 9,963 9,830 9,717 9,567 9,386 3,793

No CHIP/CCUS 182,406 181,706 180,486 178,864 76,967 174,688 72,376
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Hematopoyesis clonal y asociacidn con la trombosis

Edad
4
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Nakao, T. Nat Cardiovasc Res. 2022.




Hematopoyesis clonal y enfermedad cardiovascular




Hematopoyesis clonal y enfermedad cardiovascular

[ Mortalidad cardiovascular

B N= 88 estudios

o | T~25% Hemorrhagic Stroke
* T ~10% Ischemic Stroke Desde 2014

, p T ~80% Pulmonary Embolism™
Al A [ ] " b Study N Weight (%) OR/HR with 95% Cl
f - 2 : CV mortality
N ! o _ Gumuser 2023 - UKB-450K-ASCVD 13129  10.50 i 1.08 [0.87, 1.34]
; T ~40% Coronary Artery Disease Jaiswal 2014-JHS/MEC/FUSION/Botnia 5132 716 ——m——  1.40[0.88, 2.24]
T ~25% Heart Failure Kar 2022 - UKB WES 200K 200453  11.11 i, 1.14 [0.97, 1.34]
1 ~80% Aortic Stenosis Kowalec 2021 1115 5.34 = 0.72 [0.38, 1.36]
T ~30% Atrial Fibrillation™ Van Zeventer 2021 - Lifelines >80y 621 7.70 — 0.79 [0.52, 1.21]
Heterogeneity: T2 = 0.00, 12 = 0.00%, H% = 1.00 ]‘ 1.09 [ 0.97, 1.22]

T ~80% Abdominal Aortic Aneurysm’

p T ~70% Peripheral Artery Disease” VAP=10%
Gumuser 2023 - UKB WES 450K -ASCVD 12918 14.45 a 1.22(0.95, 1.56)
Jaisw al 2014 - JHS/MEC/FUSION/Botnia 5132 2.65 ° 1.90[ 1.07, 3.39)
Kar 2022 - UKB WES 200K 200453 18.67 - 1.32[ 1.06, 1.64]
Heterogeneity: T~ =0.00, 1 = 0.00%, H " = 1.00 B 1.31[1.12, 1.54)

172 1 2

Saadatagah. Translational Research. 2023
Singh. Blood advances. 2074




Hematopoyesis clonal y enfermedad cardiovascular

Z Fventos cardiovasculares

Study N Weight (%) OR/HR with 95% Cl Composite CVE (by gene)
Weight ORMHR

Arends 2023 - PROSCIS-B 581 7.58 —E— 1.19 [0.72,1.97] | Study N (%) with 95% Ci

DNMT3A
David 2022 - HAEMATOPLUS 333 0.67 0.42 [0.06, 3.07] I I L

Gumuser 2023 - UKB-450K-ASCVD 12801 10.16 110093, 130]
Gumuser 2023 - UKB WES 450K -ASCVD 13129 23.60 = 1.23[1.10, 1.38] Lee 2022 4300 561 o 282[144, 552]
Jiang 2022 179 1.80 2.72 [0.83, 8.91] Pascual-Figal 2021 46 396 —— 438175, 1096)

Svennson 2022 - CANTOS 1289 451 s 153[067, 349
Lee 2022 4300 6.87 —n— 2.54 [1.48, 4.36]

Wang 2022b 485 6.70 = 175[101, 302]
Pascual-Figal 2021 62 5.94 —— 1.80 [0.99, 3.27] Yu 2023 - UKB WES 450K 417570 10,69 &= 106(1.01, 1.11]
Qiu 2022 6016 9.99 —.— 1.58 [1.02, 2.44] Heterogeneity: 1 * =0.19,1° =92 12%, H* = 1268 l R 163[1.08, 2.46] l
Svennson 2022 - CANTOS 1289 9.40 S 1.32 [0.86, 2.03] AT
Wang 2022b 485 8.58 —— 1.83 [1.15, 2.91] Jiang 2022 163 267 ° 6.09[ 1.80, 2060
Yu 2023 - UKB WES 450K 417570  26.27 = 1.18 [1.14, 1.22] FRACIAEAL 202 ) i o SASELA4,. [000)

Svennson 2022 - CANTOS 1238 684 B 165[0.97, 280]
Overall @ 1.40 [1.19, 1.65] Heterogeneity 1 =028, 17 =64 19% H* =279 e 298(140, 634]
Heterogeneity: T? = 0.03, I = 68.420%, H> = 3.17

T r r TET2
1/16 1/4 1 4 Arends 2023 - PROSCIS-B 581 545 = 225[1.13, 4.49)

Gumuser 2023 - UKB-450K-ASCVD 12556 933 =] 172[131, 226]
VAF >=10% Lee 2022 4300 2383 - 143[ 044, 462)
Arends 2023 - PROSCIS-B 581 160 . 167087, 3.20) FancumEigel<0c! il - BN, 950

Svennson 2022 - CANTOS 1289 552 = 1751089, 346]
Gumuser 2023 - UKB WES 450K -ASCVD 12918 13.42 = 1.34[1.17, 153 Wang 2022b 85 580 = 176(093, 333
Kessler 2022 - GHS 175K 173585 13.62 i 1.03[090, 1.17] Yu 2023 - UKB WES 450K 417570 1063 fid 111[1.03, 1.19)
Svennson 2022 - CANTOS 1280 134 . 1.01(0.49, 2.07) Hatoroganaity. =006, I =61.68%, H " =261 (= 158(121, 208) |
Yu 2023 - UKB WES 450K 417570 19.05 I 1.29[1.24, 1.35]

8 2= 01 2 = 63% 2 = . B y 7 T T T T y
Heterogeneity: 7 = 0.01, I' = 72.63%, H" = 3.65 & 1.73[1.07, 1.41) % 1 3 4 b 45
1/16 1/4 1 4

Singh. Blood advances. 2024



Hematopoyesis clonal y enfermedad cardiovascular

g Ictus
: HR 95% CI
Study N  Weight (%) OR/HR with 95% CI : Outcome
F ) g o 15 1812
3A i ) .82, 1.
All stroke — = E:h,::;:;?:;fmke 143 [1.03,1.98]
Bhattacharya 2022 - WHI 9683 15.41 - 1.23 [1.03, 1.47] 5
P E— 1.82 [1.19,2.79
Bhattacharya 2022 - FHS 994 2.50 — 1.20 [0.75, 1.91] TET2 Tl— 1'28 Eé;ggg?i
Bhattacharya 2022 - CHS 2251 9.89 ?— 1.05 [0.84, 1.32] :
Bhattacharya 2022 - MESA 3746 1.87 e 1.70 [0.99, 2.91] o 0.99 [0.58,168]
5 AsxLi :F 0.99 [0.56,1.74]
Bhattacharya 2022 - MGBB 11962 1.46 e 1.26 [0.68,2.32] || b ' s ]
Bhattacharya 2022 - ARIC 10592 6.80 i 1.11 [0.84, 1.46] 125 (065258
Bhattacharya 2022 - JHS 1764 145 ——— 1.46 [0.79, 2.69] e . 043 (006 332]
Kar 2022 - UKB WES 200K 200453  19.19 o 1.03 [0.88, 1.20]
Qiu 2022 6016 2.77 —— 1,62 [1.04, 2.52] Tosa. — 031 {007, 148]
- B 2.03 [0.52,7.95]
Heterogeneity: T = 0.00, I = 11.93%, H?=1.14 ¢ 1.16 [1.05, 1.28] :
0 1 2 3 4 5 6
*All stroke: isquémicas, hemorrégicos y de origen desconocido
VAF >10%: HR 1,19 (1,09 - 1,33)
Saadatagah. Translational Research. 2023-

Bhattacharya. Stroke 2022.
Singh. Blood Advances 2024



Hematopoyesis clonal y enfermedad cardiovascular

4 Fnfermedad coronaria

Infarto de miocardio, revascularizacion coronaria, enfermedad coronaria
; _— P a Coronary heart disease (by gene)
Isquemica cronica o angina Weight ORAR
Study Outcome N (%) with 95% CI
ASXL1
B Coronary heart disease Jasswal 2017 - Bolmage Mirevasc 332 242 e 210(073, 604]
. G OR/HR with % Cl Jarswal 2017 - MDC Mirevasc 613 223 . 140[ 046 4.25]
Study N Weight (%) with 95% Jaiswal 2017 - JHS/FUSIONFHS  Mirevasc 3515 149 S 280(069, 11.30]
. Kar 2022 - UKB WES 200K CAD 200453 1237 [t 114(090, 145
Jaiswal 2014 - FUSION 864 8.45 % 1.40 [ 0.67, 2.95] Kar 2022 - UKB WES 200K M 200453 992 a 118{083, 167]
Jaiswal 2014 - JHS 2144 8.09 o 2.80 [ 1.28, 6.11] | Heterogeneity. 1° =000, I = 0.00%, H’ = 1.00 ¢ 120(099, 145]
Jaiswal 2017 - Promis 3909 9.52 | —_— 3.40 [1.79, 6.46] DNMT3A
. Jaiswal 2017 - Biokmage Mirevasc 340 325 - 170{070, 4.11]
J 12017 - MDC 640 11.63 —.— 1.97[1.25, 3.11
o : [ ] | Jaswal 2017 - MOC Mirevasc 622 564 B 250136, 458
Jaiswal 2017 - ATVB 3336 7.32 | I 5.40 [2.27, 12.84] Jaiswal 2017 - JHS/FUSIONFHS  Mirevasc 3604 426 = 110[052, 231
; . ' 12017 - ATVB/IPROMS M 7183 469 ‘- 140{070, 280
Jaiswal 2017 - Biolmage 370 11.00 — 1.76 [1.06, 2.94] | ™" ; ey ' '
Kar 2022 - UKB WES 200K M 200453 1389 m 106{089, 126)
Nakao 2022 - TOPMed 19176 14.93 1.09 [1.01,1.18] | Heterogenety: 1*= 0.0, I = 50 94%, ' = 204 - 139007, 198)
Yu 2023 - UKB WES 450K 417570 15.01 1.05 [1.00, 1.10] JAK2 I
Zekavat 2023 - MGBB 12036 14.06 = 1.44 [1.15, 1.80] Jeiswal 2017 - MOC Mivevasc 0 14 " 10.00{ 240, 41.59)
Jaiswal 2017 - JHSIFUSIONFHS ~ Mirevasc 3508 077 . 17.40( 2 39, 12687
Overall O 1.76 [1.27, 2.44] Kar 2022 - UKB WES 200K CAD 200453 327 o 094(039, 227
_— 2 5 Kar 2022 - UKB WES 200K M 200453 212 ‘. 1511048, 473
Heterogeneity: T* = 0.18, | = 96.33%, H* = 2722 Heterogeneity: 1° = 1.44, I’ = 77.73%, H = 449 . 335086, 13.04]
T T T
1 2 4 8 TET2
Jasswal 2017 - Booimage Mirevasc 333 209 - 160[051 508)
Jarswal 2017 - MDC Mirevasc 613 147 - 080{020, 325
Jaiswal 2017 - JHSIFUSIONFHS ~ Mirevasc 3521 266 = 350(129, 951
Jaiswal 2017 - ATVB/IPROMS M (eayonset) 7150 038 i . 8.30( 048, 14326
Kar 2022 - UKB WES 200K CAD 200453 1399 i 1.09[092, 1.29]
Kar 2022 - UKB WES 200K M 200453 1164 st 0961073, 126
Heterogeneity: 1° = 0.00, I* = 0.00%, H' = 1.00 o 109(004, 125

14 2 16 128

Singh. Blood Advances 2024



Hematopoyesis clonal y enfermedad cardiovascular

J. Enfermedad arterial periférica

Association of CHIP

with Incident Peripheral Artery Disease HR  95% Cl P C
UK Biobank 158 [1.11;225)  0.01 il
MGB Biobank ——— 1.74 [1.26;2.39] 0.00068 §
Overall = 167 [1.32;2.11]| 2.2e-05 ‘é
| Large CHIP | 2 0.02+
UK Biobank e 225 [1.45;3.49] 0.00028 2
MGB Biobank e 171 [1.09;2.68]  0.02 s
Overall | —8— 197 [1.44;2.69] | 2.4e-05 g 0.011
A ! f ! O !
0.8 1 2 4 6
HR
HR  95%Cl P s . .
0 5 10
. ' Years
DNMT3A - 1.28  [0.90; 1.81) 0.17 Number at risk
TET2 - 1.87 [1.17; 297] 0.0082 @ Large CHIP{ 904 895 457
ASXL1 - 321 [1.75 5.886) 0.00015 £ Small CHIP1 1285 1281 879
Splicing Factor Mutation —_— 284 [1.05; 7.65] 0.039 @  NoCHIP{35329 35214 19598
PPM1D . 299 [1.23; 7.30] 0.018 0 YS 10
TP53 — 408 [1.23;2000] 0024 ——
JAK2 8.97 [1.25:64.36] 0.029
| g S e
08 2 51020
| MR

*Iekavat. Nat Cardiovasc Res. 2023.



Hematopoyesis clonal y desarrollo de aterosclerosis

e es antes LHIP o aterosclerosis?

Unidirectional association of clonal Somatic mutation
hematopoiesis with atherosclerosis
development

_____________

3-year follow-up 6-year follow-up
e f
De novo femoral atherosclerosis development at the 3-year follow-up De novo femoral atherosclerosis development at the 6-year follow-up
Yes/No OR (95% CI) P value Yes/No OR (95% CI) P value

No CHIP (Ref)  183/1,651 No CHIP (Ref.)  290/1,431 . . o o )

I T 3D imaging of subclinical atherosclerosis in femoral arteries
CHIP mutations  76/437 | |—=&—| 1.56 (1.13-2.13) 0.006 CHIP mutations 112/381 | —&—| 1.45 (1.10-1.90) 0.008

I |
| CHIP mutations 1 z CHIP mutations De novo femoral atherosclerosis at the 3-year follow-u

(VAF 0.2-2%) 52/332 h—=— 1.57 (0.95-1.95) 0.081 (VAF 0.2.2%) 78/291 ‘—I—{ 1.35 (0.99-1.83) 0.053 - o Y p
0 es

| CHIP mutations CHIP mutations

24/105 | +——®— 2.16(1.27-3.55) 0.003 33/90 IH—=—H 1.72 (1.07-2.70) 0.021

(VAF 22%) | l (VAF 22%) | Ptrend i 0.001
No CHIP (Ref.)  183/1,651 | No CHIP (Ref.)  290/1,431 ot o i
DNMT3A 50/297 IF—#—| 152(1.04-218)  0.025 DNMT3A 73259 b—m— 139(1.00-.91)  0.044
| |
TET2 31222 ™ 165(098-329) 0.045 TET2 47196 ——®——  173(1.01-287)  0.037
| !
Other mutations 19/75 | |——=——{ 2.05(1.24-3.28) 0.004 Other mutations 26/63 : - 1.73 (1.11-2.63) 0.013
|
0‘.5 1,‘0 2‘.5 SI.O Oi5 1.I0 2?5 5.‘0
OR OR
[ [ [ | [ [ |
Statistical models were adjusted for age, sex. smoking, ljpid-lowering treatment and the AUL of SBF fasting glucose, LOL-C. BM|. CALS and global o‘?§ g°  g° 0‘?§ O /\é\'} &
z : . 7 v o
atherosclerotic plague volume assessed by SOVUS imaging; o <(0(-" & IR 0\§\ e
\s O&‘Q

Diez-Diez. M. Nat. Med. 2024




Hematopoyesis clonal y trombosis venosa




Hematopoyesis clonal y trombosis venosa

o———— | T~25% Hemorrhagic Stroke

' T ~10% Ischemic Stroke

A/ »—,—@% Pulmonary Embolism . ..
!l e « Activacion de plaquetas
T ~40% Coronary Artery Disease

t ~25% Heart Failure  Elevada formacién de NETS

T ~80% Aortic Stenosis’
T ~30% Atrial Fibrillation™

* Aumento de la adhesidon de leucocitos al endotelio

T ~80% Abdominal Aortic Aneurysm’

b T ~70% Peripheral Artery Disease”

Saadatagah. Translational Research. 2023




Hematopoyesis clonal y trombosis venosa

Is Hematopoietic Clonality of Indetermined Clonal haematopoiesis of indeterminate potential in patients

Potential a Risk Factor for Pulmonary Embolism? with venous thromboembolism

S. Soudet’2*™  G. |Jedraszak®%* 0. Evrard®* |.P. Marolleau®* L. Garcon®* M.A. Sevestre Pietri'-2 Florence Guillotin' - Eric Mercier'* . Mathieu Fortier'® - Sylvie Bouvier"* . Quentin Jacquet' -

Marine Dallo' - Mathias Chéa' - Chloé Bourguignon'? . Eva Cochery-Nouvellon! . Antonia Perez-Martin?# .
Jean-Christophe Gris'?32

Age Sex PE location : DVT‘ Mutated gene VAF(%) Gender Age at Gene VAF (%)

58 M Segmental bilateral Proximal ASXL1 1,2 - li

37 M Segmental bilateral No DNMT3A 1.3 SENQHERS

* . FEEEEES N ot = Provoked distal DVT (d-VTE) M 72 TET? 2.62

66 M Proximal bilateral Proximal DNMT3A 7.8 TET?2 4.90

47 M Proximal bilateral No DNMT3A 5 F 72 DNMT3A 211

58 M Proximal bilateral Proximal ASXL1 14

57 F Proximal bilateral No DNMT3A 1.5 F 62 TET2 4.88
DNMT3A 3.1 M 65 CBL 20.38
DNMT3A 1,2
——— 2 M 63 TET2 4.36
DNMT3A 1,6 Unprovoked proximal DVT (p-VTE) F 76 DNMT3A  3.52

61 M Proximal bilateral No 3:322 :22,2 M 69 DNMT3A 276

65 F Proximal bilateral Proximal DNMT3A 14 COH(I’OI (Ctl‘l) F 71 DNMT3A 2026
DNMT3A 1.4 F 75 TP53 7.99

63 M Segrf'lental-bilateral No - DNMT3A 3.5 M 62 TET? 3.11

54 M Proximal bilateral Proximal ASXL1 12

65 M Segmental bilateral No DNMT3A 26,1 M 76 TET2 24.74

Abbreviations: CHIP, Clonal hematopoiesis of inderdermined significance; DVT, Deep Vein Thrombosis; PE, Pulmonary Embolism; VAF, Variation TETZ |695
allelic fraction.
Soudet. TH Open 2021 No se observo asociacion de CHIP con el desarrollo de ETEV

Guillatin. J Thromb and Thrombal. 2023



Hematopoyesis clonal y trombosis venosa

€ blood

2024. 144 (20): 2149-2154.

JAK2-mutant clonal hematopoiesis is associated with
venous thromboembolism

Rebecca L. Zon,"** Aswin Sekar,' ** Katharine Clapham,” Ohad Oren,”*** Abhishek Niroula,’’” Alexander G. Bick,”

Christopher J. Gibson,'™ Gabriel Griffin,' Md Mesbah Uddin,”> Donna Neuberg,” Pradeep Natarajan,”” and Benjamin L. Ebert’ "¢

UK Biobank
N=425.399
Association of CHIP with incident VTE
Heto Pl
CHIP - - 1.17 (1.09-1.3) .002
CHIP, VAF > 10% + —— 1.23 (1.06-1.39) 7.4e-4
DNMT3A CHIP 4 —— 7.0 (0.95-1.24) >3
TET2 CHIP A —e— 1.33 (1.05-1.69) .02
ASXL1 CHIP 4 ———— 1.19 (0.9-1.58) 21
UAK2 CHIP 4 _— e 4.2 (2.18-8.08) 1.7e-5
Non-JAK2 CHIP 4 —8— 1.15 (1.04-1.28) .008
05 1 2 4 8
Hazard ratio

Incident VTE
among CHIP
388/14410
273/9578
218/9022
69/2098
50/1583

9/98

379/14312

Incident VTE
among no CHIP
7690/408157
7690/408157
7860/413545
8009/420469
8028/420984

80697422469

7699/408255

Association of prevalent VTE with CHIP

ey Palue
CHIP 4 —— 1.02 (0.81-1.23) .81
CHIP, VAF > 10% —a— 1.02 (0.72-1.28) .88
DNMT3A CHIP —— 0.94 (0.73-1.2) b2
TET2CHIP 4 ———r 0.79 (0.46-1.34) .38
ASXL1 CHIP —e——— 1.22(0.77-1.95) 4
JAK2 CHIP - 6.58 (2.65-16.29) 4.7e-5
Non-JAK2 CHIP 4 —e— 0.98 (0.81-1.19) .87

T T T T T T

0.5 1 2 4 8 16
Odds ratio

CHIP with
prevalent VTE
117/2832
78/2832
64/2832
14/2832
18/2832

5/2832

112/2832

CHIP without
prevalent VTE
14410/422567
9578/422567
9022/422567
2098/422567
1583/422567

98/422567

14312/422567

*Ajustados por edad, fumador, ancestros, IMC
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clausa o consecuencia?

« 25% supervivientes de tumores solidos presentan CHIP

« Aumento de patologia cardiovascular en el paciente oncologico
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JJ. Fuster. Thromb. Res. 2022; 213.5107-S112
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Hematapayesis clonal y trombosis en negplasias miglgproliferativas

time

>

5-15 anos
pre-CHIP CHIP MPN Transformation
Phenotype i phase 1 phase phase to AML

Acute leukemia

Acceleration

Myeloproliferative \
Normal \__ _ \ ‘\
Germline Clonal driver MPN driver Mutations associated with
predisposition mutation mutation progression
chr.14g32 dup TET2 JAK2 ASXL1, EZH2, IDH1/2
RBBP6 DNMT3A CALR SRSF2, SF3B1, U2AF1
JAK2 46/1 MPL NRAS, KRAS
TERT TP53
MECOM

Luque-Paz D. Blood. 2023. 141(16): 1909-1921.
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Hematapayesis clonal y trombosis en negplasias miglgproliferativas

Clinico-molecular factors associated with thrombosis

BIOLOGICAL

WBC >15 x 107/L
PNN/Lymphocyte > 5 #

BIOLOGICAL
WBC >15 x 10°/L

MOLECULAR

JAK2 V617F driver mutation
Presence of TET2 or DNMT3A
Absence of ASXL1 or RUNX1
mutations®
Absence of SRSF2 or EZH2
mutations

MOLECULAR

JAKZVH1TF VAF > 50% #
TET2 or DNMT3A mutations*

MOLECULAR

JAKZVE17F VAF > 50% #
TET2 or DNMT3A mutations”

ET
(1.6% patient-years)

Thrombosis rate during follow-up

Thrombotic

. Thrombotic
Scoring No. of MPN Type of ) o rate (% Scoring No. of MPN Type of rate (%
system Reference patients  subtype  thrombosis  Risk factors  Stratification patient-y) system Reference patients  subtype thrombosis Risk factors  Stratification patient-y)
ARTS 55 1046 All MPN | Arterial Age >60 y: 2 Low ris<: 0-3 points | 0.37 VETS 55 1047 AIMPN | Venous History o Low risk: 0 point 0.6
thrombosis points thrombosis venous
History of High risk: 4-7 points | 1.19 thrombosis: 1
arterial point
ahrorbode] JAK2 VEITF | Intermediate risk: 1 | 1.09
pomt mutation and point
CV risk factors*: VAF 250%:1
3 points point
TET? or High risk: 2 points | 2.96
DNMT3A
mutations:
1 point

Pasquer H. Blood. 2025:145(3):257-276.
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ET

l

Thrombotic risk evaluation

|
! !

Venous thrombosis Arterial thrombosis

l l

Hematapayesis clonal y trombosis en negplasias mielgproliferativas
IPSETr NGS
available

)
= = e

Yes No Yes + + No
ﬁ IPSETr IPSETr

Pasquer H. Blood. 2025:145(3):257-276.

Conv. 0 >1 Very low: Int:
No thrombosis No thrombosis
Age < 60 yoars Age > 60 yoars
ARTS <3 >3 No JAK2 mutation No JAK2 mutation
IPSETr Low: High:
> No thrombosis Thrombosis or
VETS 0 21 Age < 60 yoars Age > 60 yoars and
JAKZ? mutation JAK2 mutation
ARTS <3 >3
VETS 0 >1
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Hematapayesis clonal y enfermedad cardiovascular tras trasplante hematopoyético

JAMA Cardiology | Original Investigation
Clonal Hematopoiesis and Cardiovascular Disease in Patients

With Multiple Myeloma Undergoing Hematopoietic Cell Transplant 1036 pacientes sometidos a TPH por mieloma
June-Wha Rhee, MD; Raju Pillai, MD; Tianhui He, MPH; Alysia Bosworth, BA; Sitong Chen, MPH; Liezl Atencio, MD; i
Artem Oganesyan, MD; |]<elly Peng. BA;dTati Gu:man, BS: Era L?Jka;). BS: Brianna Sély'gal::. BS; Aleksi Iuku:dze(.JBS: m u Itl pl e

Lanie Lindenfeld, MA; Faizi Jamal, MD; Pradeep Natarajan, MD; Scott Goldsmith, MD; Amrita Krishnan, MD;
Michael Rosenzweig, MD:; F. Lennie Wong, PhD; Stephen J. Forman, MD; Saro Armenian, DO, MPH

JAMA Cardiol. 2024,9(1):16-24.. doi:10.1001/jamacardio.2023.4105

E] Cardiovascular disease X
E‘ Coronary artery disease

(=]
w
g
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40+ 40+
. P value <.001 P value =.01 P value =.003
. 30- ® R
g o 30- o 304
s , ¥ ¥
g a : 8
< 207 | £ 20+ »E 20+
z ¢ g
] P ’ = o
P =3
§ 10+ = f E 10- CHIF g 10
/'_;’_’_’/f—‘_’_'—m () ot — w CHIF
' S . No CHIP
J » , > No CHIP
0+ T T T T 1 0= B - T T 1 0 - T T T T T
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
_ Time since HCT, y Time since HCT, y Time since HCT, y
No. at risk No. at risk No. at risk
NoCHIP 729 729 729 729 729 729 NoCHIP 798 686 594 474 323 209 NoCHIP 821 707 617 499 340 224
CHIP 169 169 169 169 169 169 CHIP 195 165 142 118 80 56 CHIP 198 170 149 127 86 60
HR: 2,72 (1C95%: 1,7-4,39) HR: 2,22 (IC95%: 1,06-4,63) HR: 3,02 (IC95%: 1,07-8,52)
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Hematapayesis clonal y enfermedad cardiovascular en LMA

Calvillo-Argiielles. J AM Coll Cardiol Cardio0nco. 2022.

Prevalence of e,
a®)

CHIP-related

mutations in

study sample
(n=623)

Full Cohort
(n=623)

Intensive
Chemotherapy
[21 Anthracycline
Induction Cycle]
(n=393)

No Intensive
Chemotherapy
(n=230)

I No CHIP-related
mutation
(n=230; 37%)

>1 CHIP-related
mutation
(n=393; 63%)

3-year Cumulative Incidence of
CV Events & Mortality

CHIP-Related Mutation

CV Events

Mortality*

CV Events

CV Events

Mortality'

Adjusted HR (95% Cl) for

All-Cause Mortality

None il;"5*
21

0O 20 40 60 80%

None 7%
o mm——

0 20 40 60 80%

N 5%
e %zsx
0
None 23%
21
0 i 5 %3 B0%

None “%
21 %—W
0 40
No 47%
0 2 40 80%

Patients Experiencing Any CV Event:

1.99 (1.45-2.73)

Patients with CHIP-related mutation
at diagnosis were:

+ Older (mean age 69 years vs. 57 years)
*» More likely to have pre-existing CVD
(25% vs.16% )

Adjusted HR (95% Cl) Mutation-Specific
for CV Events in Adjusted HR
Patients with Any (95% Cl)
CHIP-Related Mutation

for CV Events

1.90 (1.06-3.39)

Nﬁn 1.40 (0.80-2.46)
Mﬁn 418 (2.07-8.47)
@ 2.37(1.21-4.63)

1.26 (0.81-1.97)

1.74 (1.03-2.93)

Patients with Any CHIP-Related Mutation:
1.54 (1.14-2.08)




CONCLUSIONES

* |a hematopoyesis clonal son mutaciones somaticas adquiridas con |a edad en personas sin enfermedad
nematoldgica ni citopenias.

e |as mutaciones més frecuentes son DNMTSA, TETZ y ASXLI.

e |a hematopoyesis clonal se asocia con:
e |a aparician de neoplasias hematoldgicas.
e Fl desarrollo de enfermedades cardiovasculares y mortalidad.

Podriamos considerar CHIP como un nuevo factor de riesqo cardiovascular asociado a |a edad.

El riesgo de trombosis venosa se ve incrementado predominantemente por la mutacidn JAKZ.

Estudios preliminares sugieren un aumento del riesgo cardiovascular en pacientes con cancer asociado a

GHIP.



CLESTIONES PARA REFLEXIONAR

e (Incluiremos |a presencia de mutaciones de CHIP en el estudio de los pacientes oncoldgicos?

e (lapresencia de mutaciones de CHIP nos condicionara el tipo de tratamiento que administremos a
nuestros pacientes?

e (Modificaremos el sequimiento cardiovascular segtin |a presencia de dichas mutaciones?
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