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Discovery of VEXAS
Syndrome

Peter C. Grayson, MD, MSc
Senior Investigator

National Institutes of Health

Objectives
* Recognize and understand the VEXAS syndrome

* Review clonal hematopoiesis literature with respect to atherosclerosis
and inflammatory diseases

* Unveil a brand new disease that causes coronary artery aneurysms in
adults
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Somatic Mutations in UBA1 and Severe
Adult-Onset Autoinflammatory Disease

D.B. Beck, M.A. Ferrada, K.A. Sikora, A.K. Ombrello, J.C. Collins, W. Pei, N. Balanda,
D.L. Ross, D. Ospina Cardona, Z. Wu, B. Patel, K. Manthiram, E.M. Groarke,

F. Gutierrez-Rodrigues, P. Hoffmann, S. Rosenzweig, S. Nakabo, L.W. Dillon,
C.S. Hourigan, W.L. Tsai, S. Gupta, C. Carmona-Rivera, A.J. Asmar, L. Xu, H. Oda,
W. Goodspeed, K.S. Barron, M. Nehrebecky, A. Jones, R.S. Laird, N. Deuitch,

D. Rowczenio, E. Rominger, K.V. Wells, C.-C.R. Lee, W. Wang, M. Trick, J. Mullikin,
G. Wigerblad, S. Brooks, S. Dell’'Orso, Z. Deng, J.J. Chae, A. Dulau-Florea,
M.C.V. Malicdan, D. Novacic, R.A. Colbert, M.J. Kaplan, M. Gadina, S. Savic,
H.J. Lachmann, M. Abu-Asab, B.D. Solomon, K. Retterer, W.A. Gahl, S.M. Burgess,
l. Aksentijevich, N.S. Young, K.R. Calvo, A. Werner, D.L. Kastner, and P.C. Grayson

Somatic Mutations in a Single Residue of UBA1 are
Associated with a Severe Adult-Onset Autoinflammatory

Disease

Periodic Fever Database &
Undiagnosed Disease Program
Exome Sequencing
2,560 individuals
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Somatic Mutations are Myeloid Restricted
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Demographics of VEXAS

n=25

Age at Disease onset median (range)

64 (45-80)

Sex n(%)

Male

25 (100)

Race n(%)

White

25 (100)

Diagnosis n(%)

Relapsing Polychondritis

15 (60)

Sweet Syndrome

8 (32)

Myelodysplastic Syndrome

24)

Multiple Myeloma/MGUS

Polyarteritis Nodosa

12)

Giant Cell Arteritis

6 (
(20)
(
(

=W o,

4)

Beck et al.,
NEJM 2020

Head & Neck:

Inflammatory eye disease
Ear chondritis

Fever

Periorbital edema
MNaose chondritis

VEXAS
Syndrome

Sensorineural hearing loss — =

Thorax:
Pleural effusion

Neutrophilic alveclitis Myocarditis

Prevalence Estimates

Bone marrow:

Myelodysplastic syndrome.
Multiple myeloma
Cytopenias

Vacuoles in myeloid _‘_'_'““-‘—-_;

and erythroid cells

Musculoskeletal:

Inflammatory

Abdomen:

Colitis

Hepatosplenomegaly

1in 14,000

JAMA | Original Investigation

Associated With VEXAS Syndrome in a Clinical Population

Davi dBBe(kMDPhDDILEDd PhDV d ShhMDUyeIhLM . PhD; Jung Kim, PhD:
Strande, PhD: Anna Cantor, MS: Jeremy S. Haley, MS:
Marcela A. Ferrada, MD:

1 in 4000 men > 50 years

Estimated Prevalence and Clinical Manifestations of UBAT Variants

arthritis

epididymitis

Pelvis:
1L Orf:h_itisf
e —

Cutaneous: Lower
extremities:

Neutrophilic Dermatosis

Medium-vessel vasculitis

Leukocytoclastic vasculitis Deep vein
thrombosis

Grayson et al Blood 202

10
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Typical Disease Features

Inflammatory:
Fever of unknown origin
Auricular and/or nasal chondritis
Neutrophilic dermatosis or urticaria-like lesions(Bx)
Leukocytoclastic vasculitis (LCV) or leukocytoclasia (Bx)
Non-infectious periorbital swelling
Recurrent, non-infectious inflammatory eye disease
Non-infectious ground glass or nodular pulmonary infiltrate
Unprovoked or recurrent thromboembolic disease
Steroid dependency*

Hematologic:
Vacuoles in myeloid or erythroid precursor cells on marrow aspirate
Macrocytosis! or macrocytic anemia
MDS or myelodysplasia
Thrombocytopenia?
Monocytopenia3
Lymphopenia

Erythema nodosum (Bx)

Recurrent urticaria / urticarial plaque

Injection site reaction to anakinra

Inflammatory arthritis

Vasculitis (any size), relapsing / recurrent or with lack of response to SOC
Pericarditis / Myocarditis

Exudative pleural or pericardial effusion

Testicular inflammation

Sensorineural hearing loss

Atypical or opportunistic infection including nontuberculous mycobacterial infection
Nephrotic syndrome with renal amyloidosis (Bx)

Interstitial nephritis (Bx)

Bx, biopsy confirmation required; MDS,

SOC, standard-of-

. (1) MCV 2 98 femtoliter on one or more occasions without associated folate or vitamin B12 deficiency (2) platelet count <100 x 10%/L (3)

monocyte count < 0.5 x 10%/L (4) Requirement of > 10 mg/day oral isone (or equivalent) for i

y syndrome

ic control; acute phase reactants-ESR and CRP increase in the absence of infectious origin

ACR VEXAS Guidance Paper, A&R 2025

11

Cutaneous signs of VEXAS Syndrome

Ear, nose chondritis

Periorbital edema

Jama Derm 2024

12
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Clinical Algorithm to Recognize VEXAS

In a patient with ear or nose chondritis...

"

VEXAS RP n=0
RP n=72

Yes

|

VEXASRPn=13
RP n=13

No Is MCV >100fL? Yes

VEXAS RP n=12

No Yes RP n=0
VEXAS RP n=0 VEXAS RP n=1
RP n=10 RP n=3

Ferrada et al A&R 2021

14
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Typical
Laboratory

Abnormalities
in VEXAS

Laboratory Relative to
Test Reference Value
Complete Blood Count
White Blood Cell count J
Neutrophil count =
Lymphocyte count i
Monocyte count N
Hemoglobin i
Mean Corpuscular Volume M
Platelets N

Peripheral Flow Cytometry

CcD3 )
CD4/CD3 {
CD8/CD3 i
CcD19 H
NK Cells I

— No change relative to reference value
{  Decreased relative to reference value

T Increased relative to reference value

15
Typical Marrow Findings in VEXAS
* Hypercellular marrow
* Myeloid predominance
* Vacuolated erythroid/myeloid
precursor cells
16
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Natural History of VEXAS Syndrome

Macrocytic RBC transfusion
anemia dependance MDS-SLD
10 420
9 § r 380
pary 3 § / :gg -
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i " w g
o > rz \“ 80
1 = \ 40
0 0
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Mg! “ ﬁ "‘!’! " Years after onset of disease
PR g .
‘\%” 2 g% ol "‘?‘ lobi Non-di ic bone marrow biopsies
‘.'??"- N.g: el "f Y i l 9 ; Abnormal
o o ’%‘3&‘{"‘ € Di ) MDS . myeloid
;‘.',_-_;Qr n,-‘“‘";‘,‘ o o isease progression to cells
Hypercellular -
marrow
Oblorah et al., Blood Adv, 2021
17
Oganesyan et al, Sem in Hem 2021
18
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Atypical Infections are Common

= 100 — NTM
2 —— NoNTM
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k]
2 50
£
3
o 10% of cohort

T m m m
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= 100_5 —— PJP
3 ] —~— NoPJP
@
5 ]
£ 507
3 ]
£
g ] 9% of cohort Mycobacteria chelonae

0 T T T 1

0 50 100 150 200
Months Czech et al Open Forum ID 2024, de Valence et al ARD 2024
19

How to test for VEXAS?

* Commercially available testing: blood or bone marrow sample

* Single gene testing of UBA1
* Sanger sequencing: not sensitive VAF<20%
» ddPCR: sensitive and provides quantifiable VAF

* Next Generation Sequencing Panels

* Includes genes related to myeloid neoplasms/MDS (additional prognostic
value)

20
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Expanding the spectrum of VEXAS syndrome: association with acute-onset
CIDP.

Bert-Marcaz C, Briantais A, Faucher B, Corazza G, Ebbo M, Attarian S, Delmont E, Fortanier E.

J Neurol Neurosurg Psychiatry. 2022 Jul;93(7):797-798. doi: 10.1136/jnnp-2021-327949. Epub 2021
Dec 6.

i VEXAS IS THE NEW GREAT

= MIMICIN MEDICINE

Vaci Ard A ca
MUE 71 POV et ey v ctice crnt et it st 1+ e £ s o it o et s srene
Ut \/ip, Lee SMS, Fan BE, Lim JH, Goh LL, Lee JSS, Koh LW.
Boy Rheumatology (Oxford). 2021 Sep 1;60(9):e304-e306. doi: 10.1093/rheumatology/keab200.

_ PM . . .
Ch: VEXAS syndrome with systemic lupus erythematosus: expanding the
Lobbes gnectrum of associated conditions.
Fauchel sharma Behget's disease with a somatic UBAT variant:Expanding spectrum of
Fenaux  arthritis autoinflammatory phenotypes of VEXAS syndrome.
MINHEN PMID: 3:Matsumoto H, Asano T, Tsuchida N, Maeda A, Yoshida S, Yokose K, Fujita Y, Temmoku J, Matsuoka
Er3l Deluravan, “Y'N, Yashiro-Furuya M, Sato S, Irie K, Norikawa N, Yamamoto T, Endo M, Fukuchi K, Ohkawara H,
PMIN: RARR?2K74 . .. ..
lkezoe T, Uchiyama Y, Kirino Y, Matsumoto N, Watanabe H, Migita K.
Clin Immunol. 2022 May;238:108996. doi: 10.1016/j.clim.2022.108996. Epub 2022 Apr 7.
PMID: 35398520 No abstract available.

21

Mutational Hotspot at Codon 41

Wild-Type M41 Mutations

M1 Me7
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Genotype associated Mortality

p-MetgiLeu (Atg/Ctg)

100?* :
] et P.-Metg1Val (Atg/Gtg)
] Il.l e=l== p.Met41Thr (Atg/aCg)

50-]
4 P<o0.01
o+ T T T T 1
o 5 10 15 20 25
Years of Disease
Ferrada et al., Blood 2022
23

Goals of
Medical e Control inflammation
Therapy

* Eradicate the clone

* Prevent complications
* Infectious Prophylaxis
e Anticoagulation

24
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JAK-inhibitors IL6-inhibitors IL1-inhihbitors TNF-inhibitors Other

M3 M6 M12 M3 M6 M12 M3 M6 M12 M3 M6 M12 M3 M6 M12
Month

Complete response:
Clinical remission
CRP <10mg/L

Pred < 10mg / day

Response . Complete - Partial . No

Hadjad et al ARD 2025

25

Biggest Mistakes in VEXAS Management

* Expect to taper completely off glucocorticoids
* On average 15 — 30 mg prednisone / day to control inflammation

* Taper glucocorticoids too quickly
* Taper below glucocorticoid threshold dose

* No prophylaxis for PJP and Herpes

26
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Hypomethylating Agents

Overall
Overall hematological response 51/74 (69%)
* Hematologic response Erythroid response
HI-E achieved 49 /71 (69%)
* Molecular remission among NTD patients at AZA onset 18 /25 (72%)
among LTB patients at AZA onset 4/10 (40%)
* Clinical improvement among HTB patients at AZA onset ' 27 /36 (75%)
RBC transfusion independence achieved > 30 /46 (65%)
* Steroid sparing effects Platelet response
HI-P achieved 36 /47 (77%)
* Lots of complications Neutrophil response
HI-N achieved 779 (78%)

Jachiet et al, Blood 2025

27

Bone Marrow Transplant
Curative but Complicated

* Case report and case series level data
* Ongoing trial at NIH

* Morbidity
¢ |nfections
¢ Graft versus host disease

* Mortality

* Selection of appropriate candidates is key

28
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Implications of VEXAS in

\Vil=YoTellal=

The NEW ENGLAND JOURNAL of MEDICINE

“ ORIGINAL ARTICLE |

Early-Onset Stroke and Vasculopathy
Associated with Mutations in ADA2 * Most forms of

Q. Zhou, D. Yang, A.K. Ombrello, Andrey V. Zavialov, C. Toro, Anton V. Zavialov, °g
vasculitis start late

D.L. Stone, J.J. Chae, S.D. Rosenzweig, K. Bishop, K.S. Barron, H.S. Kuehn,

TPH':”ojmé The NEW ENGLAND JOURNAL of MEDICINE . .
5)- el in life
FiC
J:E: Mescah?s ‘ | ORIGINAL ARTICLE | ‘
E. Chalon
N.G. Singt
SV B Mutant Adenosine Deaminase 2 * Most forms of

in a Polyarteritis Nodosa Vasculopathy

vasculitis are not

Paulina Navon Elkan, M.D., Sarah B. Pierce, Ph.D., Reeval Segel, M.D.,
Tom Walsh, Ph.D., Judith Barash, M.D., Shai Padeh, M.D., Abraham Zlotogorski, M.D., .
Yackov Berkun, M.D., Joseph J. Press, M.D., Masha Mukamel, M.D., Isabel Voth, M.D., h e r Ita b I e
Philip J. Hashkes, M.D., Liora Harel, M.D., Vered Hoffer, M.D., Eduard Ling, M.D., Ph.D.,
Fatos Yalcinkaya, M.D., Ozgur Kasapcopur, M.D., Ming K. Lee, Ph.D.,
Rachel E. Klevit, D.Phil., Paul Renbaum, Ph.D., Ariella Weinberg-Shukron, B.Sc.Med.,
Elif F. Sener, Ph.D., Barbara Schormair, Ph.D., Sharon Zeligson, M.Sc.,
Dina Marek-Yagel, Ph.D., Tim M. Strom, M.D., Mordechai Shohat, M.D.,
Amihood Singer, M.D., Alan Rubinow, M.D., Elon Pras, M.D.,
Juliane Winkelmann, M.D., Mustafa Tekin, M.D., Yair Anikster, M.D., Ph.D.,
Mary-Claire King, Ph.D., and Ephrat Levy-Lahad, M.D.

30
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A Diseases with somatic mutations
AV malformations
KRAS

Severe adult-onset
inflammatory syndrome
(VEXAS)
UBA1

Focal cortical ————
dysplasia ~———— -
MIOR =

Idiopathic atrial fibrillation

Autoimmune lymphoproliferative
syndrome (ALPS)
FAS, KRAS, NRAS

GJAS
[ I S
“ Paroxymal nocturnal
4 hemoglobinuria ,,
g PIG-A Colitis

NFKBIZ, TRAF31P2, PIGR, ARIDTA

D59

Sideroblastic anemia
. SF3B1
Clonal hematopoiesis
& DNMT3A, TET2, AXL1,
i JAK2, SF3B1, TP53
LGL
lymphoproliferation
. STAT3, STAT5b

Y Cryoglobulinemic vasculitis
1<, CARD11, KLHL6

Endometriosis
ARID1A, PIK3CA KRAS, PPP2R1A

Felty’s syndrome
(Rheumatoid arthritis)
STAT3

Venous malformations
TEK

_________________________________ ________________________________________ Young & Mustjoki NEJM 2021

31

Healthy esophageal epithelium with age

2427 years old 52-55 years old 72-75 years old
=T W ® B

[ITP53 B NOTCH1 B NOTCH2 ENOTCH3 [OFAT1 ARID1A [Tl Other driver genes [ Other non-driver genes

Martincorena Genome Med 2019

32
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Total

Clonal Hematopoiesis of Indeterminate
Potential (CHIP)

240 855 2894 5441 5002 2300 317 86

Jaiswal et al NEJM 2014

0.54
* 40-50 genes associated with 0l
myeloid malignancy and MDS o
g o0r
* Prevalence of somatic -
mutations in hematologic 1
precursor cells in these genes e —
increases with age PRV SRR AN
* DNMT3A and TET2 Age (yr) X
No. with Mutation 0 1 50 138 282 219 37 14 5

17

33
Clonal Hematopoiesis and Cardiovascular
Disease
Aortic Atherosclerosis, According to Tet2 Status
A CHIP and Coronary Heart Disease
WT HET KO
No. of Participants with
Coronary Heart Disease/

Subgroup No. at Risk Hazard Ratio (95% Cl) P Value
Biolmage

No mutation (reference) 94/326 I

Mutation 19/44 —— 1.8 (1.1-2.9) 0.03
MDC :

No mutation (reference) 299/607 y

Mutation 21/33 3 — 2.0 (1.2-3.1) 0.003
Fixed-effects meta-analysis i - 1.9 (14-27) <0.001

T T T
0.5 1.0 2.0 4.0
t e, 11
Jaiswal et al NEJM 2017
34
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Cardiovascular

disease
Acute kidney
disease
Chronic ‘..
obstructive N
pulmonary di .(

\
Qe .
Clonal Hematopoiesis
(CH)

o

Osteoporosis

L/

Chronic liver
disease

Type 2 Diabetes
mellitus

Hematological
malignancies

Outcome

Number of cohorts

CH Associated with many diseases

OR/HR
with 95% C

All-cause mortality
CV mortality

Cancer mortality

SOVIEA Composite CVE
Coronary heart disease
Stroke
ﬁ Ischaemic stroke
Heart failure

Haematologic malignancy

Myeloid malignancy

Lung cancer

Renal impairment

Severe COVID19 (Hospitalised/Oxygen)
Severe COVID19 (ICU/Ventilation/Death)

32 = 1.34 [1.19, 1.8
5 1.09 [0.97,1.%
7 —— 1.46 [1.13,1¢
10 - 1.40 [1.19, 1.€
9 —— 1.76 [1.27, 2.4
9 = 1.16 [1.08, 1.5
1 = 1.18[1.05,1.¢
7 = 1.27 [1.15, 1.4
7 ———=————4.28 [2.29, 7.
6 ———— 4.34(2.66, 7.
3 = 1.40 [1.27,1.¢
8 | 1.25 [1.18,1.%
7 —i— 1.39 [1.04, 1%
4 —E— 1.46 [1.18, 1.€
i —————

Singh Blood Advances 2024

35

Home | JAMA Cardiology | Vol. 7, No. 5

Original Investigation

Canakinumab
An Exploratoryghss . ADLLO
Clinical Trial

Eric C. Svensson, MD, PhD"

» Author Affiliations | Ar

POPULATION
2927 Men, 996 Women

8

Patients with prior myocardial infarction
and high-sensitivity C-reactive protein
level >0.20 mg/dL

Meanage, 61.9y

SETTINGS / LOCATIONS

@ >1000 Sitesin

39 countries
worldwide

JAMA éardiology

TET2-Driven Clonal Hematopoiesis and Response to

RCT: TET2-Driven Clonal Hematopoiesis and Response to Canakinumab

INTERVENTION

3923 Patients randomized
1289 Placebo Group
Placebo, subcutaneously
every 3mo
2634 Canakinumab Group
Canakinumab (50 mg. 150 mg,
or 300 mg) subcutaneously
every 3mo

PRIMARY OUTCOME

Major adverse cardiac event (MACE), including nonfatal myocardial
infarction, nonfatal stroke, or cardiovascular death

FINDINGS

Among patients with clonal hematopoiesis of indeterminate
potential (CHIP) due to somatic variants in TET2, there was a
significant difference in MACE between the placebo and
canakinumab group.

0.4
Hazard ratio, 0.38; 95% C, 0.15-0.96;
P=04

Placebo

Cumulative incidence of MACE
o
o

Canakinumab

0 250 500 750 1000 1250 1500
Follow-up time, d

Svensson EC, Madar A, Campbell CD, et al. TET2-driven clonal hematopoiesis and response to danakinumab: an exploratory analysis of the CANTOS randomized
clinical trial. Published online April 6, 2022. doi:10.1001/jamacardio.2022.0386

© AMA

36
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Clonal Hematopoiesis in Internal Medicine

* Independent risk factor for cardiovascular disease

* Associated with a number of diseases

* May modify diseases by contributed to myeloid-driven inflammation

37
Multiple Clones in a VEXAS Patient
VAF
TUar | Weoeosiatg) | wiisazio ae | Mt TaTqrae | missensevariant (7108 )89 | tolerated (0.1}
Merd i Th 1227-C
" DNMT3A )| NP.783378.1:p. | NM_i75628.2:c.] RIC Coc/Tge | missense.variant (| 34.27 283 deleterious
: ArgB82CYS 2644057 (0.02)
. TET2 NP_001120680. | NM_601127208.) SG/SX 1cAGgy/icy | Irameshifh varant || 32.63 236 0
1:pValt3Hisl | 2:c.4107_4108d q
sTer28 . IAG _ ,,LELM“ s i i am e
38
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RESEARCH ARTICLE | APRIL 21,2023

Spectrum of clonal hematopoiesis in VEXAS syndrome

Fernanda Gutierrez-Rodrigues, Yael Kusne, Jenna Fernandez, Terra L Lasho, Ruba N Shalhoub, Xiaoyang Ma, Hugh Alessi, Christy M. Finke,
Matthew J. Koster, Abhishek A. Mangaonkar, Kenneth J Warrington, Kebede Begna, Zhuoer Xie, Amanda K Ombrello, David S Viswanatha,
Marcela A. Ferrada, Lorena Wilson, Ronald S. Go, Taxiarchis V. Kourelis, Kaaren K Reichard, Horatiu Olteanu, lvana Darden, Dalton Hironaka,
Lemlem Alemu, Sachiko Kajigaya, Rodrigo T. Calado, Emma M. Groarke, Sofia Rosenzweig, Daniel L Kastner, Katherine R Calvo, Colin O. Wu,
Peter C. Grayson, Neal S Young, David B. Beck, Bhavisha A. Patel &, Mrinal M. Patnaik

Clonal patterns: Based on integrated bulk and scDNA
analyses, clonality in VEXAS followed two major patterns: with
either typical CH preceding UBA1™ selection in a clone
(Pattern 1), or occurring as an UBA1™ subclone or in
independent clones (Pattern 2)

# of typcal CH and UBAT
st estimated by thew VAF%

Easnl 100 4 e Al DNMTIA rstations
Typical CH precedes VBAT™ in me clone CH VAF%) @ DNMT3IA p RE82 H
ypica CH pocde UBAT= i the s olmn g : Typical CH
Typical CH s ® ’ o
» - § 0 ™Y ’ mutatlons
= «0
S .
z » . .
_ : /3././ ' associated with
3 a1 Typical CH lll-——-i:-w—u-
UBA T driven chonal expansson - e i muﬁt‘u‘v;hﬁ-ﬂ - increased
— mortality risk
UBAT™ precedies typical CH in the same clone .
100 100 3
T
S Pattesn 1
e w D% /20 (0%
. « Paem2
o 0 0 . mees o v 14720 (70%)
Tooical O e ———
B e ical O 0 20 40 &0 B0 100

UBA 1™ deiwen clonal espansson

UBATVAF (%)

39

Myeloid and Lymphoid Mutations

Lymphoid Lineage & Autoimmune
. Diseases

P2797797°??

Myeloid Lineage & Autoinflammatory
Diseases

* VEXAS (UBAI)

* NLRP3-AID (NLRP3)

* ECD (BRAF)

Sikora et al., Rheumatology, 2022

40
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HYPEREOSINOPHILIA

Vascular aneurysms

Unpublished data

21 of 24




MHIF Cardiovascular Grand Rounds
January 26, 2026

Left Circumflex Artery Aneurysm
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Hunting for clonal forms of vasculitis

DNA/RNA Source

Next Gen Sequencing

Skin
45
Discovery of a Th2 Cell Clone
A B. C
cloneType
10
o GATA3
; 15
N s 10
o QY 3
< 2\ | 5
3° 2o % 0 Iz
. . 7 55 1
-10 ! 0
-10 10 40 5 0 5 10
0 5 1 0 UMAP_1
-10 -5 Y 5 10 UMAP_1
UMAP_1
Single Cell RNA SEQ Integrated TCR Seq Marker Genes
46

23 of 24



MHIF Cardiovascular Grand Rounds
January 26, 2026

Conclusions

* Somatic mutations play a causal role in some forms of adult-onset systemic
inflammatory diseases
* Monogenic drivers of disease
* Modifiers of immune response

* Classification of vasculitis by molecular mechanisms is within reach
* Complement the small / medium /large distinction with biologic classification
schemes!

* Molecular diagnostics is coming to internal medicine
* Need to develop research and clinical pipelines to discover and screen
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