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ABSTRACT
Background Vacuoles, E1 enzyme, X- linked, 
autoinflammatory, somatic (VEXAS) is an autoinflammatory 
condition with overlapping features of rheumatology and 
haematology caused by somatic mutations in the UBA1 
gene. Patients present with highly variable symptoms and 
their path towards diagnosis are often complicated and 
characterised by extensive examinations. It is, therefore, 
pivotal that clinicians become familiar with the clinical 
presentation of VEXAS to advance identification of patients 
with the disease.
Objectives We aimed to (1) characterise patients 
diagnosed with VEXAS in a tertiary rheumatology referral 
centre, (2) identify common rheumatological biomarkers 
that may distinguish VEXAS from other rheumatic diseases 
and (3) suggest which clinical findings should motivate 
genetic testing for VEXAS.
Methods Patients were identified and diagnosed at the 
department of Rheumatology, Aarhus University Hospital 
(AUH), Denmark. Blood samples were examined for 
VEXAS- associated UBA1 variants by Sanger sequencing 
at the department of Clinical Immunology, AUH. Clinical 
and biochemical data were retrieved from the hospital 
electronic patient chart.
Results Eleven male patients with clinical suspicion of 
VEXAS underwent sequencing. Five of these carried known 
VEXAS- associated variants. Median age at diagnosis was 
84 (75–87) years. All patients had significantly elevated 
inflammatory markers with a median C- reactive protein 
(CRP) of 297 (196–386) mg/L and macrocytic anaemia. 
None of the patients presented common biomarkers for 
autoimmunity.
Conclusion Danish patients with VEXAS syndrome are 
men with persistent inflammation, constitutional symptoms 
and heterogeneous clinical presentations. Shared 
features for all patients in this study were highly elevated 
inflammatory markers, macrocytic anaemia and negative 
autoimmune biomarkers.

INTRODUCTION
Vacuoles, E1 enzyme, X- linked, autoinflam-
matory, somatic (VEXAS) was described in 
December 2020.1 The acronym VEXAS stands 
for: vacuoles (characteristic finding in cell 
cytoplasm in the bone marrow); E1 enzyme 
(the defective enzyme due to gene variation); 
X, the gene variant is found on the X chromo-
some; autoinflammation (most patients have 
persistent, uncontrollable inflammation); 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ The clinical presentation of vacuoles, E1 enzyme, 
X- linked, autoinflammatory, somatic (VEXAS) varies 
considerably between patients. International con-
sensus on which symptoms should lead to genetic 
testing for VEXAS is lacking.

WHAT THIS STUDY ADDS
 ⇒ The study shows that patients referred to the rheu-
matology clinic that are later diagnosed with VEXAS 
have negative autoimmune biomarkers. This could 
be an important supplement in the differentiation 
between the systemic autoimmune diseases and 
VEXAS.

 ⇒ The study suggests an algorithm for which symp-
toms should motivate referral to genetic testing for 
VEXAS.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ A prompt diagnosis of VEXAS is pivotal to avoid un-
necessary clinical testing and procedures prior to 
diagnosis.

 ⇒ An algorithm based on common clinical features of 
VEXAS will lead to an immediate diagnosis of pa-
tients and avoid unnecessary testing of patients, 
who do not have VEXAS.

https://www.eular.org
http://rmdopen.bmj.com/
http://orcid.org/0000-0002-9501-1268
http://crossmark.crossref.org/dialog/?doi=10.1136/rmdopen-2022-002492&domain=pdf&date_stamp=2022-09-08
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somatic (the gene variant is not congenital but occurs de 
novo in the myeloid cell line).

It is characteristic that patients with VEXAS present 
with severe inflammation, rheumatological symptoms 
and haematological symptoms within the myelodysplastic 
syndromes (MDS) spectrum.

The most common rheumatological VEXAS symptoms 
are arthritis, cutaneous vasculitis, chondritis, erythema 
nodosum, eye affection and/or neutrophil dermatosis.2 3

The most common haematological manifestations are 
macrocytic anaemia and lymphopenia. Thrombopenia 
and neutropenia are typically seen in patients where 
VEXAS progresses to MDS.4 In addition to rheumatolog-
ical and haematological symptoms, thrombosis is a recur-
rent and severe manifestation in approximately 35% of 
patients.2

The mutations leading to VEXAS are located in the 
UBA1 gene. UBA1 encodes the E1 enzyme, which initiates 
ubiquitinylation. Ubiquitinylation is a post- translational 
protein modification essential for regulating several intra-
cellular processes, including degradation of proteins.5 
The VEXAS- associated variants hamper E1 function and 
thereby impedes ubiquitinylation in the affected cells, 
which causes accumulation of proteins and uncontrolled 
inflammation.6

With knowledge of variants associated with VEXAS 
syndrome, it is now possible to identify patients with 
VEXAS with simple Sanger sequencing of a small region 
of the UBA1 gene.

Our primary objective was to characterise patients 
diagnosed with VEXAS in a tertiary Danish rheuma-
tology referral centre. Secondarily, identify common 
biomarkers that facilitates separation of VEXAS from 
other rheumatic diseases. Third, we propose which major 
and minor clinical features that should motivate genetic 
testing for variants in the UBA1 gene.

METHODS
Patients
The study included patients referred to or followed at the 
rheumatology department at Aarhus University Hospital, 
Denmark, between December 2020 and December 
2021 with a suspected diagnosis of VEXAS. Clinical and 
biochemical data were obtained from the hospital’s elec-
tronic patient chart. All patients gave informed consent 
to genetic testing and inclusion in this study.

As the study was considered a quality control study, 
no ethics permission was required by the Regional 
Committee on Health Ethics. Patient consent and 
approval from the hospital quality control department 
were obtained.

Sanger sequencing
VEXAS is associated with several variants in a relatively 
restricted part of UBA1 spanding a sequence length of no 
more than 100 nucleotides.1 2 7 An international standard 

for the genetic diagnosis of VEXAS has so far not been 
defined.

We used Sanger sequencing. Peripheral venous blood 
was withdrawn from patients, and DNA was purified and 
analysed at the Department of Clinical Immunology, 
Aarhus University Hospital.

The assay covered the hitherto- reported VEXAS- 
associated variants in/at exon 3 (NM_003334.4: c.118–
1G>C, c.121A>C/G and c.122T>C og c.167C>T). PCR 
amplification and sequencing of exon 3 in the UBA1 
gene was performed following standard procedures 
using the primers 5'- AAGCCGGGTTCTAACTGCTC- 3' 
and 5'- CAGTGCCCTGGTCATGTAGG- 3'.

RESULTS
Eleven male patients with a clinical suspicion of VEXAS 
underwent sequencing.

Five of these patients were found to carry VEXAS- 
associated variants. The variants and clinical features 
are summarised in table 1. The median age at diagnosis 
was 84 (75–87) years, and symptoms had, on average, 
been present 22 months (IQR 20–40) prior to the diag-
nosis. All five patients had significantly elevated markers 
of inflammation: median C- reactive protein (CRP) 297 
(196–386) mg/L,

IL- 2- receptor 3472 (1893–3660) kU/L and ferritin 
1561 (1228–3680) µg/L and presented with macrocytic 
anaemia. None of the patients was positive for autoim-
mune biomarkers like antinuclear antibodies (ANA), 
anticitrullinated protein antibody (ACPA), myeloperox-
idase (MPO) or proteinase- 3 (PR3) antineutrophil cyto-
plasmic antibody (ANCA).

Treatment
Case 1 was initially treated with IVIG 0.4 mg/kg for 
5 days every 4 weeks in combination with secukinumab 
300 mg/4 weeks. We were not able to taper prednisolone 
below 15 mg/day without disease flares, and the patient 
died of heart failure 14 months after diagnosis. Case 2 
started on methotrexate and prednisolone. Because of 
recurrent infections, the patient was switched to anakinra. 
The patient is in remission and prednisolone has been 
tapered to 5 mg/day. Case 3 was treated with high- dose 
prednisolone in combination with anakinra 100 mg/day. 
Because of lacking response with ongoing disease and 
kidney failure, anakinra was increased to 200 mg/day. 
On patient request, treatment was stopped and patient 
died 14 days later, 4 months after diagnosis. Case 4 is in 
remission on secukinumab 150 mg/4 weeks in combina-
tion with prednisolone, which has now been tapered to 
8.25 mg/day. Case 5 was severely sick at the time of diag-
nosis and declined treatment apart from prednisolone. 
Case 5 died 2 months after diagnosis.

Clinical features that may motivate genetic testing for VEXAS
International consensus on which findings should prompt 
genetic testing for VEXAS is not established. However, 
based on the available literature, the largest case study 



3Rasch MNB, et al. RMD Open 2022;8:e002492. doi:10.1136/rmdopen-2022-002492

Autoinflammatory disordersAutoinflammatory disordersAutoinflammatory disorders

Ta
b

le
 1

 
C

lin
ic

al
 c

ha
ra

ct
er

is
tic

s,
 t

re
at

m
en

t 
an

d
 b

io
ch

em
ic

al
 c

ha
ra

ct
er

is
tic

s 
of

 in
cl

ud
ed

 V
E

X
A

S
 p

at
ie

nt
s

C
as

e 
1

C
as

e 
2

C
as

e 
3

C
as

e 
4

C
as

e 
5

To
ta

l n
 (%

) o
r 

m
ed

ia
n 

(IQ
R

)

C
lin

ic
al

 c
ha

ra
ct

er
is

ti
cs

A
ge

 a
t 

d
ia

gn
os

is
73

89
77

84
85

84
 (7

5–
87

)

In
iti

al
 s

ym
p

to
m

s
S

ki
n 

ra
sh

, e
le

va
te

d
 C

R
P,

 
th

ro
m

b
ofl

eb
iti

s 
an

d
 

co
ns

tit
ut

io
na

l s
ym

p
to

m
s

A
b

d
om

in
al

 p
ai

n,
 

fe
ve

r, 
el

ev
at

ed
 C

R
P

C
ho

nd
rit

is
 o

f 
th

e 
ea

r, 
ar

th
rit

is
 

an
d

 R
ay

na
ud

s

Fe
ve

r, 
el

ev
at

ed
 C

R
P,

 
co

ns
tit

ut
io

na
l s

ym
p

to
m

s
C

on
st

itu
tio

na
l 

sy
m

p
to

m
s,

 
el

ev
at

ed
 C

R
P

Ti
m

e 
fr

om
 s

ym
p

to
m

 o
ns

et
 t

ill
 

d
ia

gn
os

is
 (m

on
th

s)
18

21
47

30
22

22
 (2

0–
40

)

D
ea

d
+

–
+

–
+

3 
(6

0)

U
B

A
1 

va
ria

nt
c.

12
2 

T>
C

p
.M

et
41

Th
r

c.
12

2 
T>

C
p

.M
et

41
Th

r
c.

12
2 

T>
C

p
.M

et
41

Th
r

c.
12

1 
A

>
C

p
.M

et
41

Le
u

c.
11

8–
1 

G
>

C
 p

.
(s

p
lic

e)

M
ac

ro
cy

tic
 a

na
em

ia
+

+
+

+
+

5 
(1

00
)

C
on

st
itu

tio
na

l s
ym

p
to

m
s*

+
+

+
+

+
5 

(1
00

)

Va
sc

ul
iti

s
+ (s

ki
n)

+ (s
ki

n,
 

le
uk

oc
yt

oc
la

st
ic

)

+
– (s

ki
n,

 le
uk

oc
yt

oc
la

st
ic

)
+

4 
(8

0)
(s

ki
n,

 
le

uk
oc

yt
oc

la
st

ic
)

C
ho

nd
rit

is
–

–
+ (e

ar
, b

ila
te

ra
l)

–
+

2 
(4

0)

O
cu

la
r 

in
fla

m
m

at
io

n
–

–
+

–
–

1 
(2

0)

A
rt

hr
iti

s
+

–
+

+
–

3 
(6

0)

Lu
ng

 in
vo

lv
em

en
t

+ (b
ila

te
ra

l i
nfi

ltr
at

es
, 

b
io

p
sy

 w
ith

 o
rg

an
is

in
g 

p
ne

um
on

ia
)

+ (u
ns

p
ec

ifi
c 

in
fil

tr
at

es
, g

ro
un

d
 

gl
as

s 
op

ac
iti

es
, 

p
le

ur
al

 e
ffu

si
on

)

+ (d
iff

us
e,

 
b

ila
te

ra
l, 

un
sp

ec
ifi

c 
in

fil
tr

at
es

)

+ (u
ns

p
ec

ifi
c 

in
fil

tr
at

es
, g

ro
un

d
 

gl
as

s 
op

ac
iti

es
)

+ (u
ns

p
ec

ifi
c 

gr
ou

nd
 g

la
ss

 
op

ac
iti

es
)

5 
(1

00
)

P
ro

te
in

ur
ia

(U
- a

lb
um

in
, m

g/
L)

–
+ (2

08
)

+ (4
88

7)
am

yl
oi

d
os

is
 a

nd
 

ha
em

od
ia

ly
si

s

–
+ (8

4)
3 

(6
0)

Th
ro

m
b

os
is

+ (s
up

er
fic

ia
l 

th
ro

m
b

op
hl

eb
iti

s+
D

V
T)

–
–

+ (a
.b

ra
ch

io
ce

p
ha

lic
a+

ce
re

b
ra

l 
in

fa
rc

tio
n)

–
2 

(4
0)

B
M

 v
ac

uo
le

s
–

+
+

N
A

–
2/

4 
(5

0)

Tr
ea

tm
en

t

G
lu

co
co

rt
ic

oi
d

s
+

+
+

+
+

Tr
ea

tm
en

ts
S

K
M

, I
V

IG
M

TX
, A

K
A

A
K

A
M

TX
, S

K
M

–

C
on

tin
ue

d



4 Rasch MNB, et al. RMD Open 2022;8:e002492. doi:10.1136/rmdopen-2022-002492

RMD OpenRMD OpenRMD Open

C
as

e 
1

C
as

e 
2

C
as

e 
3

C
as

e 
4

C
as

e 
5

To
ta

l n
 (%

) o
r 

m
ed

ia
n 

(IQ
R

)

B
io

ch
em

ic
al

 c
ha

ra
ct

er
is

ti
cs

C
R

P
(m

ax
, m

g/
m

L)
+ (3

35
)

+ (4
36

)
+ (2

20
)

+ (1
72

)
+ (2

97
)

5 
(1

00
)

(2
97

 (1
96

- 3
86

)

Fe
rr

iti
n

(m
ax

, μ
g/

L)
12

00
46

70
26

90
12

56
15

61
15

61
 (1

22
8–

36
80

)

IL
- 2

 r
ec

(m
ax

. k
U

/L
)

+ (3
47

2)
+ (3

48
0)

+ (2
14

4)
+ (1

64
2)

+ (3
84

0)
5 

(1
00

)
34

72
 (1

89
3–

36
60

)

M
- c

om
p

+
–

–
–

+
2 

(4
0)

A
N

A
–

–
–

–
–

0 
(0

)

P
R

3 
A

N
C

A
–

–
–

–
–

0 
(0

)

M
P

O
 A

N
C

A
–

–
–

–
–

0 
(0

)

A
C

PA
N

A
–

–
–

N
A

0 
(0

)

Ig
M

- R
F

–
–

+
 (3

6)
+

 (1
2)

–
2 

(4
0)

*C
on

st
itu

tio
na

l s
ym

p
to

m
s 

(fe
ve

r, 
ni

gh
t 

sw
ea

ts
, w

ei
gh

t 
lo

ss
).

A
C

PA
, a

nt
i-

 ci
tr

ul
lin

at
ed

 p
ro

te
in

 a
nt

ib
od

y;
 A

K
A

, a
na

ki
nr

a;
 A

N
A

, a
nt

i-
 nu

cl
ea

r 
an

tib
od

ie
s;

 B
M

, b
on

e 
m

ar
ro

w
; C

R
P,

 C
- r

ea
ct

iv
e 

p
ro

te
in

; D
M

A
R

D
, d

is
ea

se
 m

od
ify

in
g 

an
ti-

 
rh

eu
m

at
ic

 d
ru

gs
; I

L-
 2-

 re
c,

 in
te

rle
uk

in
- 2

- r
ec

ep
to

r;
 IV

IG
, i

nt
ra

ve
no

us
 im

m
un

og
lo

b
ul

in
; M

P
O

, m
ye

lo
p

er
ox

id
as

e;
 M

TX
, m

et
ho

tr
ex

at
e;

 N
A

, n
ot

 a
va

ila
b

le
; P

R
3-

 A
N

C
A

, 
p

ro
te

in
as

e-
 3 

an
ti-

 cy
to

p
la

sm
at

ic
 a

nt
ib

od
y;

 S
K

M
, S

ec
uk

in
um

ab
.

Ta
b

le
 1

 
C

on
tin

ue
d



5Rasch MNB, et al. RMD Open 2022;8:e002492. doi:10.1136/rmdopen-2022-002492

Autoinflammatory disordersAutoinflammatory disordersAutoinflammatory disorders

presented on VEXAS,2 and our own experiences with 
patients with VEXAS, we would currently suggest genetic 
testing for VEXAS in patients who present with the clin-
ical data listed in box 1. Most patients are men, however, 
if the relevant symptoms are present, female gender does 
not exclude VEXAS.

DISCUSSION
Patients with VEXAS diagnosed in a tertiary Danish rheu-
matology referral centre—the first year after description 
of the syndrome—were all elderly male patients with 
macrocytic anaemia, severe inflammation and negative 
autoantibodies (ANA, ACPA, MPO- ANCA and PR3- 
ANCA).

In our case series, autoimmune markers typically 
related to connective tissue diseases (ANA), small vessel 
vasculitis (PR3- ANCA and MPO- ANCA) or rheumatoid 
arthritis (ACPA) were not detected in any patients with 
VEXAS- associated variants. The presence of autoim-
mune biomarkers has not been systematically reported in 
previous reports of VEXAS patients; however, there has 
been reports of ANCA- positive patients with VEXAS as 
well as patients with antiphospholipid antibodies.8 Thus, 
the lack of autoantibodies in the present case series, 
should not lead to premature conclusions of negative 
autoimmune biomarkers in VEXAS.

The strategy for VEXAS treatment so far reflects the 
specialty managing the treatment.9 10 In haematology, 
treatment with cytostatics (eg, azacitidine) has been 
used to reduce the disease- causing cell clone. In rheuma-
tology, treatment with antibodies against tumour necro-
tising factor alpha, interleukin- 1 (IL- 1), iIL- 6, IL- 17 or 
janus kinase inhibition has been attempted to decrease 
the disease- associated inflammation.

International treatment guidelines for VEXAS have 
not been established. Universal to the published cases 
on VEXAS treatment is that the disease is refractory to 
most medications. Glucocorticoids attenuate the inflam-
matory activity, which was also the case in the cases 
presented here; however, the disease often requires 
sustained therapy at high doses, and flares are seen with 
tapering.2 11 In our case series, two cases were brought to 
remission with glucocorticoids in combination with anak-
inra or secukinumab.

Successful allogeneic haematopoietic stem cell 
transplantation has been performed in patients with 
VEXAS,12 13 but the procedure is not established as a 
primary treatment option for patients.13 We still need to 
appreciate how to select the eligible patients and many 
questions remain regarding the management of condi-
tions that may be unique to patients with VEXAS.9

Future treatment of VEXAS may include new 
approaches. The somatic variant in autologous cells might 
be corrected back to the healthy allele with CRISPR/
Cas9 or other gene- editing tools. Such approaches have 
not been attempted yet but hold exciting perspectives 
and may offer an alternative for patients too fragile for 
allogenic transplantation.

During the inclusion period, no women with a pheno-
type corresponding to VEXAS were encountered. UBA1 
is located on the X chromosome but is not subject to X 
inactivation.14 VEXAS has only been described in four 
women, who all had only one functional X chromo-
some.15–18 Three women had acquired monosomy- X 
(functional X- monosomy) because of age- related mosa-
icism,15–17 19 and one woman had Turner syndrome 
(congenital monosomy X, 45, X0 karyotype).18 VEXAS 
has not been observed in women with two functional X 
chromosomes, suggesting that a healthy allele is sufficient 
to protect against VEXAS. This explains why VEXAS in 
essence affects men.

The average age of patients in this case series was higher 
than in previous reports.1–3 It is well known that somatic 
mutations occur more frequently with age.20 However, 
the average higher age observed here is more likely due 
to chance because of the low number of cases.

Our proposed algorithm for selecting patients for 
VEXAS- testing/diagnostics is intended to avoid excessive 
genetic testing for VEXAS. There are no international 
recommendations regarding the diagnosis. Based on 
the current literature, the largest case study presented 
on VEXAS,2 and our own experience, we expect that the 
proposed criteria are probably sensitive and specific for 
identifying VEXAS. This has to be validated prospectively 
in several and larger cohorts. Furthermore, it must be 
kept in mind that VEXAS is a new disease entity, and the 
phenotype is still expanding. Therefore, the suggested 
clinical features may change as evidence accumulates on 
the VEXAS syndrome.

We report the first report on Danish patients with 
VEXAS. Patients are men with persistent inflammation, 
constitutional symptoms and a heterogeneous clinical 

Box 1 Suggested clinical features that should prompt genetic 
testing for variants in the UBA1 gene. The absence of the two 
major manifestations should lead the clinician to consider other 
diagnosis than VEXAS.

Major manifestations:
1. Macrocytic anaemia and
2. Unexplained, ongoing inflammation (malignancy and infections 

have been ruled out).

Minor manifestations:
3. One or more of the following manifestations:

 – Skin changes.
 – Arthritis.
 – Fever.
 – Weight loss.
 – Eye involvement.
 – Chondritis.
 – Pulmonary infiltrates.
 – Thromboses (including superficial).
 – Cytopenias (MDS- like).
 – Adenopathy.
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presentation. Common features for all patients in this case 
series were highly elevated inflammatory markers, macro-
cytic anaemia and negative autoimmune biomarkers.
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