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Sweet Syndrome: Clinical Presentation, Malignancy Association,
Autoinflammatory Disorders and Treatment Response in a Cohort
of 93 Patients with Long-term Follow-up
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Sweet syndrome is a neutrophilic dermatosis asso-
ciated with multiple disorders. This retrospective ca-
se-series study of patients with Sweet syndrome in a
tertiary hospital in Spain from 2001 to 2021, explores
clinicopathological characteristics of Sweet syndrome
and variables associated with malignancy, presence of
autoinflammatory disorders and differences between
histological subtypes. A total of 93 patients were iden-
tified: 30% idiopathic, 34% malignancy-associated,
299% reactive to infections or drug-associated, and 6%
with an autoimmune/inflammatory condition. Acute
myeloid leukaemia was the most common malignan-
cy (16/93) followed by myelodysplastic syndrome
(7/93). Patients with acute myeloid leukaemia pre-
sented isolated flares, marked cytopaenia and rapid
response to treatment, whereas myelodysplastic syn-
drome followed a chronic-recurrent course. The most
frequent associated medications and inflammatory di-
sorders were filgrastim and hydroxyurea (n=2); and
inflammatory bowel disease (n=4). In addition, 3 pa-
tients were diagnosed with VEXAS syndrome. Male sex
(p=0.006), fever (p=0.034), increased erythrocyte se-
dimentation rate (p<0.001), anaemia (p<0.001), and
thrombocytopaenia (p<0.001) were associated with
malignancy. Histologically, patients were classified as
classic (60%), histiocytoid (22.5%) or subcutaneous
(15%), with pain (p=0.011) and nodules (p<0.001)
being associated with subcutaneous-Sweet syndrome.
Sweet syndrome in the context of cytopaenia should
alert the presence of malignancy. An acquired autoin-
flammatory condition should be explored in relapsing
Sweet syndrome with myelodysplastic syndrome. A
minimum follow-up of 6 months is recommended.
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weet syndrome (SS), or acute febrile neutrophilic
dermatosis, is an inflammatory disorder characterized
by fever and tender papules, plaques or nodules, with a

SIGNIFICANCE

Sweet syndrome is an inflammatory skin disorder linked
to various diseases, such as haematological malignancies.
In this study, 93 patients with Sweet syndrome were exa-
mined. Acute myeloid leukaemia and myelodysplastic syn-
drome were the most common malignancies. In addition,
3 patients with myelodysplastic syndrome had a VEXAS
syndrome diagnosed, which is a recently described auto-
inflammatory condition with poor prognosis. Medications,
such as filgrastim and hydroxyurea, and inflammatory bo-
wel disease were also frequently encountered. Males with
fever, increased erythrocyte sedimentation rate, anaemia,
and thrombocytopaenia were at risk for malignancy. Taking
these factors into account is key to direct the study and
treatment of patients with Sweet syndrome.

histology characterized by a dense neutrophilic infiltrate
in the reticular dermis (1-3) and oedema, without primary
vasculitis. Since its first description in 1964 (4), Sweet
syndrome has been associated with multiple conditions,
which have been included in its diagnostic criteria (1,
5) and highlighted the importance of categorization
into further subtypes (idiopathic, reactive, malignancy-
associated). Recently, Sweet syndrome has been classi-
fied within the spectrum of autoinflammatory disorders,
although its precise aetiology remains elusive (2, 6). Ad-
ditional histopathological subtypes have been described,
namely histiocytoid-SS (7, 8) and subcutaneous-SS (9,
10), whose clinical implications are still controversial. To
date, studies including large cohorts of this rare condition
are scarce with minimal follow-up.

The aims of this study were to describe the clinico-
pathological characteristics of SS in a large cohort of 93
patients with a long-term follow-up, determine possible
indicators of malignancy, explore the presence of auto-
inflammatory disorders and describe differences between
histopathological subtypes.

MATERIALS AND METHODS

Study design, setting and participants

A retrospective study was conducted to identify patients with SS
from a tertiary referral centre in Spain between 2001 and 2021.
Two physicians independently examined medical records to
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confirm patients met Su and Liu diagnostic criteria (1). Clinico-
pathological data were obtained from medical records.

Patients were categorized into 4 groups according to their
clinical presentation: malignancy-associated (MA-SS), reactive-
SS (11), inflammatory/autoimmune-associated (A-SS) and
idiopathic-SS. Patients were defined as MA-SS if they satisfied
the Curth postulates (12) and as reactive-SS if their presentation
occurred in the setting of a previous infection with a plausible
chronological relation or was drug-associated according to the
modified Walker and Cohen diagnostic criteria (11). Patients with
a systemic inflammatory or autoimmune condition, without other
identifiable factors, were classified as A-SS. If patients could not
be characterized as belonging to these groups due to the absence
of a predisposing factor, they were classified as idiopathic-SS.

Histopathological subtypes were classified into classic-SS,
subcutaneous-SS (9, 10, 13) and histiocytoid-SS (7, 8). Further
specifications of data collection and patient classification are
detailed in Appendix S1.

Statistical analysis

Data were analysed with Stata software (v17.0, StataCorp LLC,
Texas, USA). Continuous variables were summarized with means
and standard deviations (SD) and compared using Student’s #-test
or analysis of variance (ANOVA) for normal data distribution.
Categorical variables were reported as proportions or percenta-
ges, and comparisons between groups were performed using the
¥ test. p-values <0.05 were considered statistically significant.
Regression analyses were also performed to identify predictor
variables for MA-SS.

RESULTS

Patient characteristics

Of the 207 patients with a possible diagnosis of SS, 93
fulfilled diagnostic criteria (1) (Table SI). Their clinico-
pathological characteristics are summarized in Table I.
Mean age of presentation was 59.3 years and 50.5% were
female. Papules or plaques were the predominant morp-
hology (65.6%), followed by nodules (15%), vesicle-
bullous (7.5%), or pustules (5.4%), although different
types could coexist (Fig. 1). Patients usually had more
than 1 affected region, chiefly the upper extremities and
trunk. Most patients (88.1%) had additional symptoms,
primarily fever (68.8%) and pain (61.2%).

Of'the 86 patients with laboratory analysis, 29 (33.7%)
had 3 or more abnormal values included in the Sweet
syndrome diagnostic criteria (1). Increased levels of C-
reactive protein (CRP) and erythrocyte sedimentation
rate (ESR) were found in 87.3% and 92.5% of patients,
and a third had leukocytosis (32.9%) or neutrophilia
(33.3%). Anaemia was found in 64.6% of patients (mean
haemoglobin level, 11.1 g/dL), macrocytosis in 10.9%,
and thrombocytopaenia in 29.4%. Liver enzymes were
increased in 13.9% of patients, none above 3 times the
normal value.

Associated conditions and medications

The study found 65 patients (69.9%) with a potentially
associated condition at diagnosis. Infections, medication,
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inflammatory disorders, and malignancies were present
in 23.6%, 28.2%, 9.7% and 40.9% of patients. Factors
such as myelodysplastic syndrome and VEXAS syndro-
me or neutropaenic patients, invasive fungal infections
and their treatment coexisted as potential triggers. Indi-
vidual cases were studied and the most plausible trigger
chosen. The associated factors classified patients into 4
groups: idiopathic-SS (n=28, 30.1%), MA-SS (n=32,
34.4%), reactive-SS (n=27,29%) or A-SS (n=06, 6.4%).

Autoimmune/inflammatory disorders were present
in 6 patients: inflammatory bowel diseases (IBD), with
Crohn’s disease (n=2) and ulcerative colitis (n=2). Other
inflammatory conditions were hidradenitis suppurativa
(n=1) and cryopyrin-associated autoinflammatory syn-
drome (n=1). Infections were present in 18 patients,
where 55.6% were bacterial infections, followed by
viral infections (38.8%) and parasitic infections (5.6%).

TableI. Clinicopathological features of patients with Sweetsyndrome
overall and of patients with and without associated malignancy

No
Parameter Value Malignancy malignancy p-value OR
Patients, n 93 32 61
Age of onset, mean 59.3 61.9 58.6 0.318
Sex, female, n (%) 47 (50.5) 21 (72.4) 24 (40.0) 0.006 3.75
Type of lesions, n (%) 0.378
Papule-plaque 61 (65.6) 23 (79.3) 37 (61.7)
Vesicle-bullous 7 (7.5) 1(3.4) 6 (10)
Nodules 14 (15) 4 (13.8) 10 (16.7)
Pustules 5 (5.4) 0 5(8.3)
Unknown 6 (6.5) 1(3.4) 2(3.3)
Additional symptoms, 82 (88.1) 27 (93.1) 52 (86.7) 0.410
n (%)
Fever 64 (68.8) 25 (86.2) 37 (61.6) 0.034 3.46
Pain 57 (61.2) 21 (72.4) 34 (56.6) 0.204
Arthralgia 20 (21.5) 5(17.2) 14 (23.3) 0.488
Weight loss 10 (10.7) 4 (13.8) 6 (10) 0.573
Ocular/ear 4 (4.3) 1(3.4) 3 (5) 0.782
Treatment (treated, 94.3
%)
Treatmentresponse, 73.3/26.7 65.4/34.6 76.6/23.4 0.304
CR/PR, %
Relapses, n (%) 26 (27.9) 10 (34.4) 15 (25) 0.404
Laboratory findings
CRP >2 mg/dL, % 87.3 88.4 86.0 0.763
CRP, mg/dL, 10.9+8.12 13.59 9.82 0.073
mean+SD
ESR >20 mm/h, % 92.5 90.9 92.6 0.861
ESR, mm/h, 71.7+39.59 109.6 61.3 <0.001
mean+SD
Anaemia (%) 64.6 96.3 50 <0.001 26
Haemoglobin level, 11.1+2.22 9.16 11.91 <0.001
g/dL, mean+SD
MCV >100 fl, % 10.9 17.8 8.3 0.190
MCV, fl, mean+SD 93+8.86 95.55 91.75 0.077
Thrombocytopaenia, 29.4 70.3 10.9 <0.001 19.4
%
Platelets, x10°/L, 213.4+141.66 104.0 267.21 <0.001
mean+SD
Leukocytosis, % 32.9 22.2 36.3 0.196
Leukocyte count, 9223.8 9671.7 8923.9 0.770
x10°/L, mean
Neutrophilia, % 33.3 14.8 36.4 0.012 0.234
Neutrophil count, 6692.0 7352.22 6366.9 0.773
x10%/L, mean
Elevated AST and/or 13.9 18.5 12.0 0.435

ALT, %

ALT: alanine aminotransferase; AST: aspartate aminotransferase; CR: complete
response; ESR: erythrocyte sedimentation rate; MCV: mean corpuscular volume;
OR: odds-ratio; PR: partial response; CRP: C-reactive protein; F: female; SD:
standard deviation.
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Fig. 1. Clinical presentation of Sweet syndrome (SS). The main types of lesions found in this study are shown here. Of note is the finding that
different morphologies can coexist in the same patient (g). (a, b) Erythematous, oedematous, and infiltrated plaques on the trunk. (c, f) Grouped and
pleomorphic pustules, with an erythematous base, affecting (c) the hands and (f) the face. (d) Indurated, oedematous, non-grouped, erythematous papules,
asymmetrically distributed, in the upper anterior trunk. (e, h) Isolated, seropurulent bullous lesions on the elbow. (g) Pleomorphic lesions consisting of
atypical targetoid plaques, with eroded bullous central lesions and peripheral pustular lesions on the leg. (i) Indurated, ill-defined, erythematous nodules
asymmetrically distributed on the legs. (b) and (d) are from 2 patients with VEXAS syndrome.

Twenty-six patients were under a potentially associated
medication at diagnosis, with 9 drugs satisfying the Wal-
ker and Cohen diagnostic criteria for drug-induced SS,
although some occurred in patients with an underlying
malignancy (filgrastim and hydroxyurea; n=2, each).
Other associated drugs were SARS-CoV-2 (COVID-19)
vaccine, lenalidomide, vemurafenib/trametinib, all-trans
retinoic acid and imatinib (n=1, each).

Thirty-eight patients had a history of active malignancy
at diagnosis with 32 satisfying Curth’s postulates (12) for
MA-SS. Haematological malignancies were the predomi-
nant type, mainly acute myeloid leukaemia (AML, n=16)
and myelodysplastic syndrome (MDS, n=7). Despite the
fact that VEXAS syndrome (z=3) is an autoinflammatory
disorder, it was initially classified in the malignancy-
group, as all patients had a MDS. The 2 associated solid
neoplasms were a ductal breast carcinoma and a serous
ovarian adenocarcinoma, both metastatic.
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Clinicopathological features of patients with and without
malignancy-associated Sweet syndrome

Table I compares clinicopathological data for patients
with and without MA-SS. Male sex (p=0.006, OR
3.75), fever (p=0.034, OR 3.46), anaemia (p<0.001, OR
26), thrombocytopaenia (p<0.001, OR 19.4), absence
of neutrophilia (p=0.012) and increased ESR levels
(»<0.001) were significantly associated with MA-SS.
There were no statistically significant differences in age,
other accompanying symptoms, type of lesions, treatment
response or relapses.

As for the histopathological findings, classic-SS was the
predominant subtype in both groups (MA-SS 46.2%; non-
MA-SS 65.4%). Histiocytoid and subcutaneous variants
were more frequent in MA-SS (histiocytoid-SS, 30.8% vs
1 11.5%), but without statistically significant differences
9.2%, and subcutaneous-SS, 23.1% vs (p=0.172).
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Table II. Clinical features of patients with malignancy-associated
Sweet syndrome with acute myeloid leukaemia and myelodysplastic
syndrome

AML MDS
(n=16) (n=7) value
63.0 (52.2-74.8) 66.0 (54.7-73.5) 0.923

Number of patients

Age of onset, years, median
(range)

Sex, male, n (%) 10, 62.5 6, 90 0.232

Presence of additional symptoms, 15, 93.4 7, 100 0.452
n (%)

Time before onset, days, median 30 (0-530) 105.0 (0-782) 0.843
(range)

Previous infection < 14 days, n 3,18.8 2,30 0.392
(%)

Drug related < 14 days, n (%) 3,18.8 0 0.272

Treatment response, CR, n (%) 14, 87.5 1, 14.3 0.012

Duration of treatment, days, 30 (20-70) 423 (185-782) 0.023

median (range)

Relapses of SS, n (%) 3,18.8 4,57.1 0.022
Number of relapses, n (%) 0.012
0 13, 81.2 3,42.9

2 3,18.8 0

> 2 0 4,57.1
CRP, mg/dL, median 10.1 11.7 0.893
ESR, mm/h, median (range) 104.2 113.3 0.643
Haemoglobin level, g/dL, median 8.6 9.7 0.073
MCV (median, range, f1) 92.9 101 0.033
Platelets, x 10°/L, median 24.2 92.1 0.013
Leukocyte count, x 10%/L, median 720.8 5270.5 0.143
Neutrophil count, x 10%/L, median 100.4 2110.1 0.103

IKruskal-Wallis test; 2pearson correlation coefficient; 3Wilcoxon test.

AML: acute myeloid leukaemia; CR: complete response; ESR: erythrocyte
sedimentation rate; MCV: mean corpuscular volume; MDS: myelodysplastic
syndrome; CRP: C-reactive protein; SS: Sweet syndrome.

Clinical features of patients with Sweet syndrome with
acute myeloid leukaemia or myelodysplastic syndrome

Table II compares clinicopathological features of pa-
tients with AML (r=16) and MDS (n=7) to assess its
clinical behaviour. AML and MDS differed significantly
(»<0.05) in terms of treatment response, duration of
treatment, presence of relapses and level of platelets,
although anaemia and leukopaenia were more prevalent
in the AML group. SS in patients with AML presented
mainly as isolated flares (recurrent-SS, 18.8%), with
marked cytopaenia and rapid response to treatment. On
the other hand, MDS-SS presented a chronic course
(recurrent-SS, 57.1%) with a long duration of treatment
(median, 423 days) and increased mean corpuscular
volume (median, 101 f1).

Molecular findings in patients with acute myeloid
leukaemia

Clinical, cytogenetic, and targeted next-generation se-
quencing (NGS, Table SII) data were obtained for 16 pa-
tients with associated AML and are summarized in Table
II1. Fourteen patients (87.5%) had de novo AML, and 2
(12.5%) had AML arising from MDS. Thirteen patients
(81.3%) had active disease at diagnosis and 3 (18.8%)
were in remission. In 7 patients (43.75%) SS and AML
diagnosis was simultaneous. Three patients (18.8%) had
relapses concurrent with AML relapses. Notably, SS
occurred in the presence of other concomitant factors:
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Table III. Cytogenetic and molecular analysis of acute myeloid
leukaemia associated with Sweet syndrome (n=16)

Characteristic N=16 N %
Classification De novo 14 87.5
Arising from 2 12.5
myelodysplastic
syndrome
Karyotype
Favourable
Intermediate Normal, Other 11 68.75

karyotypes not
included in the other

2 groups

Adverse Complex*, Inv(3) 4 25
(g21g26), del(7q)

Unknown 1 6.25

Targeted next-generation sequencing N=13 %

Number of disease- 3 (1-5)
associated mutation,
median (range)
Specific mutations**
ASXL1 2 15.38
BCOR 1 7.69
DNMT3A 6 46.15
FLT3 4 30.77
IDH1 4 30.77
KRAS 1 7.69
NPM1 5 38.46
RUNX1 2 15.38
SRSF2 1 7.69
TET2 1 7.69
WT1 1 7.69

*Karyotypes with 4 or more unrelated abnormalities are considered complex as
defined by the cytogenetic classification of World Health Organization (WHO)
Classification category and prognostic risk grouping. **Mutations are not mutually
exclusive; thus, the total percentage exceeds 100%.

ASXL1: ASXL transcriptional regulator 1; BCOR: BCL6 corepressor; DNMT3A:
DNA methyltransferase 3 alpha gene; FLT3: fms-like tyrosine kinase 3 gene;
IDH1: isocitrate dehydrogenase 1 gene; KRAS: Kirsten rat sarcoma virus; NPM1:
nucleophosmin 1 gene; RUNX1: runt-related transcription factor 1; SRSF2: Serine
and arginine rich splicing factor 2; TET2: tet methylcytosine dioxygenase 2 gene;
WT1: Wilms tumor 1 gene.

3 patients had had a previous infection (2 bacterial, 1
fungal) and 2 patients were being treated with filgrastim.

Of the 16 patients with AML, cytogenetic analysis
revealed either intermediate (68.8%) or adverse (25%)
karyotypes. In 13 patients, a NGS panel for somatic
mutations associated with haematological malignancies
was performed. The median number of mutations was
3 (range 1-5), mainly DNMT3A (n=6), NPM1 (n=5),
FLT3 (n=4) and IDH1 (n=4).

Clinical features of different histopathological patterns:
classic, subcutaneous and histiocytoid Sweet syndrome

Of the 80 patients for whom we could review histopat-
hological findings, these were classified into 3 groups:
classic (n=48, 60%), histiocytoid (n=18, 22.5%) and
subcutaneous (=12, 15%). In addition, 2 patients
(2.5%) could not be assigned to a specific group due to
the presence of mixed infiltrates.

Table IV compares clinical and analytical findings
between classic, histiocytoid and subcutaneous-SS.
Subcutaneous-SS was significantly associated with the
presence of pain (p=0.011) and a distinct type of lesion
(»<0.001), as nodular lesions were present in 66.7% of
cases. There were no other statistically significant dif-
ferences. Despite that, MA-SS accounted for 44.2% and
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50% of histiocytoid-SS and subcutaneous-SS cases, re-
spectively, but only 27.1% of classic-SS cases (p=0.383).

Treatment

Of the 93 patients, 70 (75%) received systemic corticos-
teroids and 15 (16.3%) topical corticosteroids, usually
in combination. In acute settings, non-steroidal anti-
inflammatory drugs (NSAIDs) (15.2%) and antibiotics
(11.9%) were also used. Treatment response could be
reviewed in 76 of the 93 patients, with a partial (26.7%)
or complete (73.3%) response to corticosteroids. At
follow-up, 27.2% patients experienced at least 1 relapse
with 7 patients having > 10 relapses. Patients with multi-
ple relapses required the addition of immunomodulatory
therapies, such as methotrexate (n=3), supersaturated
potassium iodide (n=4), hydroxychloroquine (n=2) or
cyclosporine (n=2) (Table SIII).

Table IV. Clinical features, epidemiological associations and
laboratory findings in neutrophilic, histiocytoid and subcutaneous
Sweet syndrome (n=80)2

Sub- p-
Parameter Classic Histiocytoid cutaneous value
Patients 48 18 12
Age of onset, years, mean 58 58.6 64.1 0.673
Sex, male, n (%) 25 (52.1) 7(38.9) 4 (33.3) 0.542
Aetiology, n (%) 0.383
Idiopathic 13 (27.1) 6(33.3) 3(25)
Reactive 20 (41.7) 3 (16.7) 2 (16.7)
Malignancy 13 (27.1) 8 (44.4) 6 (50)
Autoimmune and 2 (4.2) 1(5,6) 1(8.3)
inflammatory conditions
Type of lesions, n (%) <0.001
Papule-plaque 36 (75) 16 (88.9) 4 (33.3)
Vesicle-bullous 4(8.4) 0 0
Nodules 2(4.2) 2(11.1) 8 (66.7)
Pustules 3(6.3) 0 0
Unknown 3 (6.3) 0 0
Additional symptoms, n (%) 40 (83.3) 16 (88.9) 12 (100) 0.243
Fever 31 (64.6) 15 (83.3) 12 (100) 0.349
Pain 29 (60.4) 8 (44.4) 12 (100) 0.011
Arthralgia 8 (16.7) 4 (22.2) 5 (41.7) 0.083
Weight loss 5(10.4) 5(27.8) 0 0.061
Ocular/ear 3 (6.3) 1(5.6) 0 0.615

Treatment response, CR/PR, % 80/20 57.14/42.86 58.33/41.67 0.147

Relapses, n (%) 14 (29.1) 6(33.3) 3(25) 0.887
Laboratory findings

CRP >2 mg/dL, % 92.5 86.67 83.33 0.606
CRP, mg/dL, mean 10.5 11.5 11.6 0.880
ESR >20 mm/h, % 94.44 90 85.71 0.769
ESR, mm/h, mean 73.3 86.9 62.4 0.340
Anaemia, % 66.67 75 61.54 0.728
Haemoglobin level, g/dL, mean 11.2 10.4 10.8 0.146
MCV >100 fl, % 14.58 12.5 0 0.190
MCV, fl, mean 94.3 90.3 92.9 0.930
Thrombocytopaenia, % 27.27 33.33 50 0.436
Platelets, x10°/L, mean 218.8 199.5 228.4 0.330
Leukocytosis, % 36.36 26.67 30.77 0.771
Leukocyte count, x10%/L, mean 9,603.6 11,718.7 5,821.8 0.354
Neutrophilia, % 40.91 20 30.77 0.332
Neutrophil count, x10%/L, mean 6,001.9 12,084.0 3,934.5 0.347
Elevated AST and/or ALT, % 15 20 15.38 0.901

Fifteen patients were not included in this analysis. Although we had the
histopathological diagnosis of Sweet syndrome, we did not have the specifications
of the infiltrate in 13 patients, and two other patients could not be classified into a
specific group due to the presence of mixed infiltrates. Thus, we could not distribute
these 15 patients in either category.

CR: complete response; PR: partial response; ESR: erythrocyte sedimentation
rate; MCV: mean corpuscular volume; CRP: C-reactive protein; ALT: alanine
aminotransferase; AST: aspartate aminotransferase.

Acta Derm Venereol 2023

Follow-up

Mean follow-up was 50.93 months with 69 patients
followed up for >1 year. Four patients developed a
haematological malignancy after SS diagnosis: MDS (1
month), an atypical CD30-lymphoproliferative disorder
(16 months), large granular lymphocytic leukaemia (36
months) and amyloid light-chain primary amyloidosis
(36 months). Six patients developed solid neoplasms
(between 34 and 144 months): 2 breast and 2 colon
adenocarcinomas, 1 squamous cell lung carcinoma and
1 bladder carcinoma. Of all cases, based on the timeline
of events, only 1 with MDS was considered associated
and classified as MA-SS. As for other non-malignant
conditions: 1 patient had polyarteritis nodosa (24 months)
and 1 patient psoriatic arthritis (84 months). In addition,
4 patients were diagnosed a monogenic autoinflamma-
tory condition: 3 patients with VEXAS syndrome and
1 patient with cryopyrin-associated autoinflammatory
syndrome (CAPS). During follow-up, the major cause of
death was malignancy progression (23 patients, 24.7%),
and no deaths were related to SS.

Comparison with other Sweet syndrome series with more
than 50 patients

A comparative analysis of clinicopathological features
and MA-SS indicators of the study cohort and published
series with > 50 patients is shown in Table SIV.

DISCUSSION

Sweet syndrome is a distinctive neutrophilic disorder
whose associations and histopathological findings have
evolved since Robert Douglas Sweet’s first description
(4). To our knowledge, this is one of the largest studies
evaluating epidemiological features, malignancy indi-
cators, clinical behaviour of MA-SS and presence of
autoinflammatory disorders. This study provides new
insights into the characterization of SS.

The mean age of presentation was 59.3 years, similar
to the reported peak incidence (50—60 years) (2, 14, 15),
with a slight female predominance (50.5%). Historically
(16), idiopathic-SS was thought to be more frequent
in females (4:1) (2, 6, 17, 18) and a 1:1 relationship in
MA-SS (16). However, recent publications have shown
a near 1:1 relation overall (14, 15, 19, 20). Leukocy-
tosis and neutrophilia were detected in only one-third
of our patients (15, 18). This might be explained by
34.4% of cases being malignancy-associated. Since
tissular-neutrophilia in SS can be present in the absence
of peripheral-neutrophilia in blood (14), this raises the
question of whether peripheral-neutrophilia should be
used as a diagnostic criterion in cancer patients in whom
it is usually absent.

The distribution of patients between the different
aetiological factors was similar to previous reports (14,
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15, 17-20) with idiopathic (30.1%) and MA-SS (34.4%)
as the most frequent, with MA-SS representing 16—44%
in other studies (14-16, 19, 20). Multiple drugs have
been associated with SS (2, 6) with all medications
in this study having been reported previously, where
COVID vaccines are the newest incorporation (21).
As for infections, viral and respiratory infections (14,
20) are the most frequently associated, in contrast to
our series in which bacterial infections predominate
(55.6%). However, isolation of causative pathogens is
usually not possible, and type of infection is based on
clinical symptoms. The association with autoimmune/
inflammatory conditions has been studied extensively,
with IBDs (22) being a common finding (23). In this
study, 4 patients had IBD.

As for clinicopathological predictors of MA-SS,
significant associations were found with male sex, fe-
ver, anaemia, thrombocytopaenia, increased ESR and
absence of neutrophilia. Although age, vesiculobullous
morphology, relapsing-SS, absence of arthralgia and
histiocytoid, lymphocytic or subcutaneous histopatho-
logy have been described as malignancy indicators in
previous studies (2, 6, 14, 15, 18, 19, 24-26), we did
not find such associations. Fever was recently descri-
bed as a risk factor for MA-SS in a systematic review
of histiocytoid-SS (27). Nonetheless, fever and MA-SS
association might be explained by cancer patients’ vital
signs being measured more frequently. Among patients
with MA-SS, haematological malignancies were the
predominant type (90%), mainly AML (n=16) and MDS
(n=17), and were usually diagnosed before or at the onset
of SS (14, 15, 28). One patient had an MDS diagnosed 1
month after onset of SS. Thus, patients with SS should
be monitored and Marcoval et al. (15) have proposed at
least 12 months of follow-up. SS incidence in patients
with AML is thought to be 1-5.5% (2), with —5/del(5q)
karyotype and FLT3 mutations (39% of patients) being
more prevalent in patients with AML who develop SS
(14, 29-31). In the current study, FLT3 mutations were
found in 30.7% of patients, DNMT3A was the most fre-
quent mutation (46.2%), and no patients with deletions
in 5q were found. Although MDS and AML represent the
major entities of MA-SS, SS behaviour differs between
these entities (32, 33). In the current study series, 31%
of MA-SS had >2 relapses. Specifically, of 16 AML-SS,
only 3 (18.8%), and of 7 MDS-SS, 4 (57.1%) had >2
relapses. Thus, MDS-SS presents a chronic-relapsing
course and requires long-term corticosteroid therapy or
additional therapies, while AML-SS usually presents
as a single episode with marked cytopaenia and rapid
resolution after corticosteroids (33).

The understanding of SS pathogenesis is incomplete,
and it is probably multifactorial. However, certain drugs
represent a true offending agent due to immunological
modifications (e.g. G-CSF, ATRA, FLT3-inhibitors).
Autoinflammation is increasingly thought to play a role
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in the pathogenesis of neutrophilic dermatoses (2, 34).
Recently, VEXAS syndrome, an acquired autoinflam-
matory disease resulting from a somatic mutation in
haematopoietic progenitor cells has been described (35).
Common clinical features include neutrophilic dermato-
ses (36), myelodysplasia with cytoplasmic vacuoles and
polychondritis. While the presence of VEXAS syndrome
in SS cohorts has not previously been described, in this
series we found 3 patients with VEXAS syndrome, all
with accompanying MDS. Previous reports of cases of
relapsing MDS-SS, polychrondritis (35) and lymphocy-
tic or histiocytoid infiltrates, could, in fact, be VEXAS
syndromes. In addition, 1 patient was diagnosed with
CAPS due to a pathogenic NLRP3 variant, although
neutrophilic urticarial dermatosis is the usual histopat-
hological pattern in CAPS (37).

Histologically, SS was initially defined as a diffuse
neutrophilic infiltration of the upper dermis and marked
papillary oedema without vasculitis (4). Later, additional
histopathological subtypes have been described, such
as histiocytoid and subcutaneous-SS (7-10, 19, 27). Of
note, different subtypes can coexist, as happened in the
current study cases, and could exist as a continuum (2,
38). The current study performed a comparative analysis
of classic, subcutaneous and histiocytoid-SS, which has
not previously been performed in such a large series.
Nodules (»p<0.001) and pain (»p=0.011) being more com-
mon in subcutaneous-SS, which can be explained by the
typology of the lesion. In addition, despite malignancies
were more common in histiocytoid-SS (44.4%) and sub-
cutaneous-SS (50%), compared with classic-SS (27.1%),
no significant differences were found (p=0.383).
Histiocytoid-SS association with malignancies has been
suggested (7, 8, 19). A large systematic review published
in 2020 found patients with histiocytoid-SS to have a
higher risk of underlying haematological malignancy
compared with those with classic-SS (27), especially if
cases are older, recurrent and are accompanied by fever
or musculoskeletal symptoms (8, 14, 19). Regarding
subcutaneous-SS, it represents approximately 10% of SS
cases (2,9, 24, 39). Recent publications have proposed its
association with myeloid malignancies (13, 14, 30, 40),
although larger studies are required to avoid misleading
information from single case reports.

The retrospective design of this study is a limitation.
The study was based at a tertiary academic referral centre,
with a leading onco-haematological department, which
can limit its generalizability. Therefore, this study should
not be used to establish relative epidemiological per-
centages for malignancy associated, drug-induced, and
idiopathic Sweet’s, as the study cohort is biased towards
malignancy. Since pathology reports were used to clas-
sify the type of histological pattern, some older reports
(>10-15 years old) did not make a distinction between
different subtypes of SS, and these patients could not be
included in the analysis of different histological subtypes.
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In conclusion, this study we found that anaemia, throm-
bocytopaenia, male sex, fever, increased ESR levels and
absence of neutrophilia were significantly associated
with MA-SS. Since peripheral-neutrophilia is usually
absent in MA-SS, the use of peripheral-neutrophilia as
a diagnostic criterion might not be useful in this setting.
In MA-SS, onset frequently appeared concomitant or
shortly after malignancy diagnosis and AML and MDS
remained the most frequent malignancies. It is notable
that MDS-SS usually presents a chronic-relapsing course,
and this may indicate the presence of autoinflammatory
conditions as 3 patients had VEXAS syndrome, which is
the first time it has been described in a SS cohort. Future
research is necessary to clarify whether neutrophilic
dermatoses found in patients with MDS are part of an
acquired-autoinflammatory disorder.
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