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Abstract

Sweet syndrome (SS), or acute febrile neutrophilic dermatosis, is an inflammatory, non-infectious skin reaction characterized clini-
cally by tender, erythematous papules/plaques/pustules/nodules commonly appearing on the upper limbs, trunk, and head and neck;
histologically, SS is characterized by dense neutrophilic infiltrate in the dermis. SS is accompanied by fever; an elevation of inflamma-
tory markers (e.g., erythrocyte sedimentation rate, C reactive protein) in serum may also be observed. Although most cases of SS are
idiopathic, SS also occurs in the setting of malignancy or following administration of an associated drug. SS has also been reported
in association with pregnancy and a burgeoning list of infectious (most commonly upper respiratory tract infections) and inflamma-
tory diseases; likewise, the litany of possible iatrogenic triggers has also grown. Over the past several years, a wider spectrum of SS
presentation has been realized, with several reports highlighting novel clinical and histological variants. Corticosteroids continue to
be efficacious first-line therapy for the majority of patients with SS, although novel steroid-sparing agents have been recently added
to the therapeutic armamentarium against refractory SS. New mechanisms of SS induction have also been recognized, although the
precise etiology of SS still remains elusive. Here, we catalogue the various clinical and histological presentations of SS, summarize
recently reported disease associations and iatrogenic triggers, and review treatment options. We also attempt to frame the findings
of this review in the context of established and emerging paradigms of SS pathogenesis.

1 Introduction

Key Points

In 1964, Dr Robert Douglas Sweet described an “acute
febrile neutrophilic dermatosis” in eight women who pre-
sented with the four cardinal features of “fever, neutrophil
polymorphonuclear leukocytosis of the blood, raised pain-
ful plaques on the limbs, face and neck and histologically
a dense dermal infiltration with mature neutrophil poly-
morphs.” Although Dr Sweet noted the reaction resem-
bled erythema multiforme, he surmised it to be a unique
entity hitherto undescribed. He would subsequently become
eponymous for the disease, and the acute febrile neutrophilic
dermatosis he described would become known as Sweet syn-
drome (SS) [1].

Now, more than half a century following Dr Sweet’s

A wide spectrum of Sweet syndrome (SS) has now been
realized, with bullous SS, cellulitis-like SS, necrotiz-
ing SS, and neutrophilic dermatosis of the dorsal hands
being described as clinical variants. Cryptococcoid,
histiocytoid, and subcutaneous subtypes have also been
reported as histologic variants.

SS has been described in the setting of various infectious
diseases, malignancies, autoimmune processes, as well
as, paradoxically, immunodeficient states. A number of
iatrogenic triggers for SS have also been recently added
to the literature.

SS is typically exquisitely responsive to steroid treat-

seminal case series, our understanding of SS has expanded
considerably. Various clinical and histological subtypes
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ment. Second-line therapies should be personalized
according to patient co-morbidities, past medical history,
and preference.

A canonical dogma to conceptualize SS pathogenesis
likely does not exist. Rather, SS pathogenesis appears
to be multifactorial, a product of external chemical and
physical insults (pathergy), host immune dysregulation
(due to autoimmunity or malignancy), and/or predispos-
ing genetic elements.
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have been established, additional disease associations have
been described, and a number of therapeutic options have
been reported. Here, we discuss these recent findings to pro-
vide a cohesive picture of SS that will facilitate the clinical
diagnosis and management of SS. We also attempt to frame
the findings of this review in the context of established and
emerging paradigms of SS pathogenesis.

2 Methods

We performed a literature search using PubMed with the
search term ‘Sweet syndrome.” As a comprehensive review
of SS was published in 2018 by Nelson et al. [2], we focused
on articles published from 2019 to October 2021, although
we also include some articles published prior to 2018 to
provide context. We excluded commentaries, editorials, and
articles not published in the English language. Case studies
and case series were included.

We assessed the quality of studies reporting drug-induced
SS using the Naranjo Drug Reaction Probability Scale (Sup-
plementary Table 1, see electronic supplementary material
[ESM]), which evaluates the likelihood of an adverse drug
reaction (ADR) on a scale of 1 to 13, in which a score of
1-4 indicates a ‘possible’ ADR, a score of 5-8 indicates a
‘probable’ ADR, and a score of 9-13 indicates a ‘definite’
ADR [3]. Additionally, we assessed the quality of studies
reporting an effective response of SS to a particular treat-
ment using the Tool for evaluating the methodological qual-
ity of case reports and case series proposed by Murad and
colleagues, which evaluates case reports and cases series
across four domains: selection, ascertainment, causality,
and reporting (Supplementary Table 2, see ESM) [4]. All
studies were assessed by two independent reviewers (either
TPJ and SKF or TPJ and DAH); conflicts were resolved by
discussion.

3 Epidemiology

The true incidence of SS in the general population remains
to be established, although SS is considered to be a rare phe-
nomenon. Likely owing to its rarity, studies of SS are largely
limited to case reports and small case series. In 1993, Cohen
and Kurzrock pooled reported cases of SS to elucidate the
epidemiology of SS. They reported the male : female ratio
of SS to vary according to etiology, with the female : male
ratio of idiopathic SS to be 4:1, of hematologic malig-
nancy associated SS to be 1:1, of solid tumor associated
SS to be approximately 1.4:1, and of drug-induced SS to
be approximately 2.4:1 [5]. More recent retrospective stud-
ies have reported roughly equal female:male distribution in
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non-malignancy-associated SS as well as malignancy asso-
ciated SS [6-8]. SS has also been reported to have no racial
predilection, although neuro-Sweet disease, a variant of SS
presenting with neurological symptoms, has been most com-
monly noted in Japanese patients [9].

SS usually presents in individuals in their sixth decade
of life [7, 10, 11]. Occurrence of SS in the pediatric popula-
tion is rare (with an estimated 5-8% of cases of SS being
reported in children [12]), although several cases of pediatric
SS have been recently reported in literature [13-20]. In a
2019 French study of 10 pediatric SS patients, the investiga-
tors reported a median age of 2.7 years at presentation and
a female to male ratio of 2:3. The lesions were distributed
primarily on the lower (8/10 patients) and upper extremities
(7/10 patients). The investigators noted that nine of the ten
patients had extracutaneous involvement and that six of the
ten patients had an atypical variant of SS [21]. Thus, it is
possible that pediatric SS manifests differently than adult
SS, although further studies are needed to more definitively
establish the presentation of pediatric SS.

SS has also been reported, albeit rarely, during preg-
nancy. The etiology of pregnancy-associated SS is unclear,
although it has been speculated that hormonal changes dur-
ing pregnancy are in some capacity immunomodulatory,
thereby contributing to pregnancy-associated SS. Two cases
of pregnancy-associated SS have been recently reported [22,
23].

4 Diagnostic Criteria, Clinical
and Histological Subtypes,
Extracutaneous Manifestations,
and Differential Diagnosis

SS exists on the spectrum of neutrophilic dermatoses that
include Behget’s disease and pyoderma gangrenosum (PG).
Classical SS presents as tender, erythematous papules/
plaques/pustules/nodules and is accompanied by fever and
frequently elevated neutrophil count. A recent case series
of eight SS patients showed immunohistochemical staining
with interleukin (IL)-17E and inducible nitric oxide synthase
(INOS) to be expressed in the epidermis of SS patients; how-
ever, larger studies are needed to validate if these markers are
consistently expressed [24]. Typically, the lesions involve the
upper extremities, face, and neck, although other sites, albeit
less frequently, can be affected. Recently, a case of SS limited
to the acral surfaces [25] and another case of SS involving
the male genitalia have been reported [26]. Histologically, SS
presents with diffuse neutrophilic infiltration of the upper der-
mis which may display karyorrhexis; marked papillary dermal
edema can also be observed; however, leukocytoclastic vascu-
litis should not be observed. Leukemic ‘bystander’ cells may
be variably present. Dermoscopic findings are non-specific,
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but reveal focal or diffuse pale regions against a pinkish back-
ground. Bluish-purple areas may also be noted, and are a
reflection of erythrocyte extravasation into the dermis. Blood
vessels are usually not visualized as they are obscured by der-
mal edema [27].

In the past few decades, numerous variants of SS, both
clinical and histologic, have been described. Furthermore,
SS has been reported to assume many extracutaneous mani-
festations, some of which can be fatal. We catalogue these
recently reported variants and also note the sites of extracu-
taneous SS involvement.

4.1 Diagnostic Criteria

In 1986, Su and Liu first proposed diagnostic criteria for clas-
sical SS [28] that were then modified by von den Driesch [29]
in 1994. The diagnostic criteria proposed by von den Driesch
require the fulfillment of both major criteria and two of the
four minor criteria listed in Table 1 [29]. Of note, we point out
that the von den Driesch criteria require neutrophilic infiltrate
to diagnose SS; however, several reports have diagnosed SS
despite the lack of a predominant neutrophilic infiltrate [30-32].
We recommend against the use of SS as an umbrella term to
describe entities that present histologically with eosinophilic
or lymphocytic infiltrate, despite presenting clinically as SS.
In 1996, diagnostic criteria for drug-induced SS were
established by Walker and Cohen; all criteria must be met
to satisfy a diagnosis of drug-induced SS (Table 2) [33].

4.2 Clinical Variants

4.2.1 Bullous Sweet Syndrome

Bullous SS is an uncommon variant of SS that can pre-
sent as flaccid or tense blisters on the acral surfaces, face,

extremities, and trunk. On microscopic examination, sepa-
ration of the dermal-epidermal junction can be appreciated

[34-36]. The exact incidence of bullous SS is unknown,
although up to 30% of patients with SS may present with
bullae [7].

Like classical SS, bullous SS can occur in patients with
non-contributory past medical history, or it can also present
in patients with chronic disease. Recently, a case of bullous
SS without any underlying disease has been presented [34];
bullous SS has also been reported in the setting of acute
myeloid leukemia (AML) and active [35] and inactive [36]
ulcerative colitis. A case of bullous SS in a 10-year-old girl
with a previous upper respiratory tract infection has also
been described [37]. Two cases of bullous SS presenting
with positive antineutrophil cytoplasmic antibodies (ANCA)
without underlying vasculitis have also been described [38].

4.2.2 Cellulitis-Like Sweet Syndrome

Cellulitis-like SS is a rare SS variant characterized by tender,
erythematous, edematous lesions and can be indistinguish-
able from bacterial cellulitis. However, cultures of cellulitis-
like SS are negative for pathogenic organisms, and antibi-
otic treatment is unable to induce lesion remission. Three
recent cases of cellulitis-like SS have been reported, and the
authors of all cases concede that the diagnosis of cellulitis-
like SS is challenging [39—41]. Thus, clinicians should main-
tain a high index of suspicion for SS when a cellulitis-like
clinical picture presents with negative bacterial cultures and
displays no response to antibiotic therapy.

4.2.3 Necrotizing Sweet Syndrome

The term ‘necrotizing Sweet syndrome’ was coined in 2012
by Kroshinsky et al., who described three patients present-
ing with rapidly progressive erythematous, edematous cuta-
neous lesions with necrotic involvement of underlying soft
tissues. The patients were initially diagnosed with necrotiz-
ing fasciitis; however, as microbial cultures were negative
in all cases, and histopathology was consistent with SS, a

Table 1 von den Driesch criteria for diagnosis of Sweet syndrome. Both the major criteria and two of the four minor criteria must be met for

diagnosis [29]

Major criteria

Minor criteria

1. Abrupt onset of painful erythematous plaques or nodules

2. Histopathologic evidence of a dense neutrophilic infiltrate without
evidence of leukocytoclastic vasculitis

1. Pyrexia > 38 °C

2. Association with an underlying hematological or visceral malig-
nancy, inflammatory disease, or pregnancy, or preceded by an upper
respiratory or gastrointestinal tract infection or vaccination

3. Excellent response to systemic corticosteroids or potassium iodide

4. Elevation of three of the four laboratory values:
(i) erythrocyte sedimentation rate >20 mm/h

(ii) positive C-reactive protein

(iii) leukocyte count > 8000

(iv) neutrophils >70%
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Table 2 Walker and Cohen criteria for diagnosis of drug-induced Sweet syndrome. All criteria must be met for diagnosis [33]

Criterion no. Criteria

1 Abrupt onset of painful erythematous plaques or nodules

2 Histopathologic evidence of a dense neutrophilic infiltrate without evidence of leukocytoclastic vasculitis
3 Pyrexia > 38 °C

4 Temporal relationship between drug ingestion and clinical presentation or temporally related recurrence

after oral challenge

5 Temporally related resolution of lesions after drug withdrawal or treatment with systemic corticosteroids

diagnosis of SS was favored over necrotizing fasciitis [42].
In 2019, Sanchez et al. reviewed the 14 published cases of
necrotizing SS, and grouped this variant under the entity
‘necrotizing neutrophilic dermatoses’ [43].

More recently, seven additional cases of necrotizing SS
have been added to the literature [44—48]. In all reports,
the authors emphasize the need to distinguish necrotizing
SS from necrotizing fasciitis, as the surgical debridement
of necrotizing SS can lead to further exacerbation of SS
and involvement of additional tissue. Four of these recently
reported cases regressed completely following steroid treat-
ment [44, 46—48], two responded completely to dapsone and
steroid combination therapy [44], and one patient experi-
enced lesion regression following discontinuation of bort-
ezomib (the putative offending agent) and steroid treatment
[45].

4.2.4 Neutrophilic Dermatosis of the Dorsal Hands
and Generalized Pustular Sweet Syndrome

Neutrophilic dermatosis of the hands (NDDH) is another
subtype of SS that presents as indurated, painful, erythema-
tous plaques admixed with possible ulcers and pustules; as
the name suggests, NDDH involves the dorsal hands. Such
an entity was first recognized by Strutton et al. in 1995 [49],
and assigned the nomenclature ‘neutrophilic dermatosis of
the dorsal hands’ by Galaria et al. in 2000 [50].

In 2019, Micallef et al. reviewed 123 published cases of
NDDH. Based on their collation of reported cases in lit-
erature, the investigators determined NDDH to present at
a mean age of 62.1 years and noted NDDH to have a slight
penchant for females. The majority of patients (78%) had
bilateral hand involvement. Furthermore, 40% of patients
had underlying disease, with the most common associations
being hematological dyscrasias (14.3%), solid organ malig-
nancies (15.5%), and recent infections (10.6%). The investi-
gators noted the histopathology as well as the clinical lesions
of NDDH to be consistent with those of classical SS [51].

More recently, six additional reports of NDDH have
been added to the literature [52-55]. One of these reports
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attributed NDDH to the Koebner phenomenon, as NDDH
appeared following mechanical trauma [55].

Some authors consider generalized pustular SS, a clinical
variant with disseminated pustular lesions, to be a subtype of
NDDH [56]. However, we suggest that generalized pustular
SS should be considered an independent entity, and not as a
subtype of NDDH.

4.3 Histological Variants
4.3.1 Cryptococcoid Sweet Syndrome

The first reports of cryptococcoid SS are credited to Ko
et al., who described this rare histologic variant in 2013
[57]. The term ‘cryptococcoid Sweet syndrome’ itself was
formally introduced in 2017 by Wilson et al. [58]. Micro-
scopic examination of cryptococcoid SS reveals vacuolated
mononuclear cells with the presence of basophilic yeast-
like bodies, a presentation compatible with a diagnosis of
cryptococcosis. However, periodic acid Schiff (PAS) stain of
the biopsy fails to reveal fungal elements, and the cutaneous
lesions of cryptococcoid SS do not remit with anti-fungal
therapy. Cryptococcoid SS appears to be a rare phenomenon,
as only four cases of cryptococcoid SS have recently been
reported. Of note, all have been associated with ANCA posi-
tivity, although only one was present in the setting of pri-
mary vasculitis [59]. It is unclear if the association between
ANCA positivity and cryptococcoid SS is coincidental or
causal.

4.3.2 Histiocytoid Sweet Syndrome

Histiocytoid SS is characterized by the presence of immature
neutrophils in the dermis that resemble histiocytes; the entity
was first described by Requena et al. in 2005. Microscopic
examination of histiocytoid SS reveals exuberant infiltrate
of immature neutrophils; immunohistochemical staining is
positive for cluster of differentiation 68 (CD68) and myelop-
eroxidase. Since the publication of the disease defining case
series by Requena et al., over 200 cases of histiocytoid SS
have been reported [60].
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In 2020, Haber et al. performed a systematic review of all
published cases of histiocytoid SS to better characterize this
histologic variant. The investigators reported histiocytoid SS
to have a fairly equal (1.11:1) female:male ratio. They addi-
tionally noted extracutaneous involvement to be a relatively
rare occurrence. Moreover, histiocytoid SS, compared with
classical SS, was found to be associated with a higher risk
of underlying malignancy [61].

There has been some controversy over whether histio-
cytoid SS overlaps with leukemia cutis. However, in 2017
Alegria-Landa et al. performed immunohistochemical stud-
ies on 33 patients with histiocytoid SS to unequivocally
show that the cells in histiocytic SS were of myeloid, not
lymphoid, lineage. The study also failed to reveal histiocy-
toid SS being more frequently associated with malignancy
compared with classical SS [62], a result inconsistent with
the systematic review by Haber et al [61]. However, as
malignancy-associated cases of histiocytoid SS may be over-
represented in literature due to novelty, the pooled analysis
by Haber et al. may artificially create an association between
malignancy and histiocytoid SS where such an association
may not veritably exist [61]. Further studies are warranted
to elucidate whether histiocytoid SS is more likely to be
associated with malignancy than classical SS.

It is unclear if the treatment for histiocytoid SS should
differ from those for other SS variants. Several cases of his-
tiocytoid SS have been shown to regress completely with
steroid treatment [63—65], while one case of histiocytoid
SS refractory to steroid therapy has been recently described
[66]. Once again, larger studies of patients with histiocytoid
SS would help elucidate the best treatment options for this
variant.

4.3.3 Subcutaneous Sweet Syndrome

Subcutaneous SS presents with panniculitis and neutro-
philic invasion of the subcutaneous adipose tissue. In an
83-patient retrospective study, 11% of patients were reported
to have the subcutaneous variant of SS [7]. Subcutaneous
SS has typically been reported to present with hematologi-
cal dyscrasias, although it is unclear if the high prevalence
of subcutaneous SS in the setting of hematological dyscra-
sias is simply due to the novelty of presenting a case of
malignancy-associated subcutaneous SS. Indeed, of the three
recently reported cases of subcutaneous SS, two have been
in the setting of hematologic malignancy (AML [19] and
myelodysplastic syndrome [67]) and one has been reported
in association with Behget’s disease [68]. Larger retrospec-
tive studies are needed to assess a possible association
between subcutaneous SS and hematological malignancy,
as case reports do not furnish the highest level of evidence
to answer this question.

4.3.4 Other Histologic Patterns

Other atypical histologic patterns have also been reported
in the literature. While neutrophil predominance is the his-
topathologic hallmark of SS, cases of SS with a predomi-
nant eosinophilic [32] and lymphocytic infiltrate [30, 31]
have been described. In cases of eosinophil predominant
SS [32], a complete blood count may be indicated to rule
out eosinophilic dermatosis of hematologic malignancy.
The authors’ position is that cases without neutrophil pre-
dominance should not be classified as SS.

Recently, a novel subtype of SS, normolipemic xanth-
omized Sweet syndrome, was reported by Kamimura et al.
Microscopic examination of this unusual case revealed
CD163-positive foam cells to accompany dense neu-
trophilic infiltrate extending into the deep dermis [69].
Further reports may aid in further characterization of this
variant.

We summarize the recently reported clinical and histo-
logic subtypes in Table 3. Of note, we emphasize that there
is overlap between the clinical and histological entities
described. For example, So et al. described a case of cellu-
litis-like SS with histiocytoid histology. In such instances,
where both the histology and clinical presentation differ
from the classical presentation of SS, it may be appropriate
to refer to the case by both its clinical and histological pres-
entation (e.g., ‘histiocytoid cellulitis-like Sweet syndrome”)
[70].

Additionally, SS lesions can display both spatial and
temporal heterogeneity. Pétrascu et al. recently reported an
interesting case of SS in which the histological presentation
of SS changed over time. At initial presentation, the patient
presented with histiocytoid SS; at 3-year follow-up, the
lesions assumed the prototypic neutrophilic infiltrate [71].
Furthermore, in August 2021, Burke et al. presented a case
of SS with two co-exiting SS variants: subcutaneous SS,
present on the patient’s right shoulder, and histiocytoid SS,
present on the patient’s left shin [72]. These cases suggest
that diagnosis of one variant of SS is not mutually exclusive
with that of another, and leads us to speculate that the sub-
types of SS perhaps exist on a continuum. In such situations
where the clinicopathologic picture is ambiguous, it may be
reasonable to refer to the condition as ‘neutrophilic derma-
tosis, unspecified.” Furthermore, considering the novel 2021
report of normolipemic xanthomized SS, it is likely that the
gamut of SS presentation is wide and subject to evolution.

4.4 Extracutaneous Involvement
Although SS is usually limited to the skin, it can rarely
involve extracutaneous sites. Such extracutaneous involve-

ment has been referred to as ‘neutrophilic disease,” a term
coined by Wallach and Vignon-Pennamen [73]. Recognition
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Table 3 Clinical and histological variants of Sweet syndrome

Variants Description References
Clinical

Prototypic clinical presentation
face, and neck

Bullous SS
Cellulitis-like SS

Tender, erythematous nodules/papules/plaques located on the upper extremities, [1]

Flaccid or tense blisters on the acral surfaces, extremities, the trunk, and face [34-38]

Tender, erythematous, edematous lesions that are indistinguishable from bacte-  [39-41]
rial cellulitis; cultures do not reveal bacteria

Rapidly progressive erythematous, edematous cutaneous lesions with necrotic [42, 44-48]

Necrotizing SS

involvement of underlying soft tissues; must rule out necrotizing fasciitis

Neutrophilic dermatosis of the dorsal hands Indurated, painful, erythematous plaques admixed with possible ulcers and

[30, 31, 49-56]

pustules involving the dorsal hands

Histological

Prototypic histological presentation

Diffuse neutrophilic invasion into the upper dermis; infiltrated neutrophils [1,24]
may display karyorrhexis; IHC reveals IL-17E and iNOS expression in the
epidermis
Vacuolated mononuclear cells with the presence of basophilic yeast-like bodies. [38, 57-59]

Cryptococcoid

PAS stain fails to reveal fungal elements

Eosinophilic* Dense eosinophilic infiltrate into the dermis; must rule out eosinophilic derma-  [32]
tosis of hematologic malignancy

Histiocytoid Dermal infiltrate of immature neutrophils that resemble histiocytes; IHC is posi- [60, 61]
tive for CD68 and MPO

Lymphocytic? Exuberant dermal lymphocytic infiltrate [30, 31]

Normolipemic xanthomized CD163-positive foam cells accompany dense neutrophilic infiltrate extending [69]

into the deep dermis

CD cluster of differentiation, /HC immunohistochemistry, /L interleukin, iNOS inducible nitric oxide synthase, MPO myeloperoxidase, NDDH
neutrophilic dermatosis of the dorsal hands, PAS periodic acid Schiff, SS Sweet syndrome

Since SS is classified based on the presence of dermal neutrophilic infiltration, we recommend against the use of SS as an umbrella term to
describe entities that present histologically with eosinophilic or lymphocytic infiltrate, despite presenting clinically as SS

of extracutaneous SS is critical, as certain extracutaneous
manifestations are reported to bear significant morbidity and
mortality.

4.4.1 Neuro-Sweet Disease

SS has been reported to present with neurologic symptoms,
most often meningitis and encephalitis. In 1999, Hisanaga
et al. proposed the term ‘neuro-Sweet disease’ to describe a
case of SS presenting with neurologic features [74]. Subse-
quently, in 2005, the investigators outlined a diagnostic cri-
teria for neuro-Sweet disease that comprised four elements:
(1) recurrent episodes of encephalitis and meningitis, with
pronounced response to systemic corticosteroid therapy;
(2) dermatologic features consistent with SS; (3) absence
of cutaneous vasculitis, thrombosis, and typical uveitis;
and (4) human leukocyte antigen (HLA) associations, with
HLA-Cw1 or B54 positivity. A case of ‘probable’ neuro-
Sweet disease would need to satisfy the first three elements
outlined. A case meeting one of the features of criterion #3
and either criterion #2 or #4 would be considered a case of
‘possible’ neuro-Sweet disease [74].

In 2019, Wallach et al. reviewed all reported cases of
neuro-Sweet disease to describe the widening spectrum of
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this rare condition. In addition to the diagnostic neurologi-
cal features of encephalitis and meningitis, a host of other
neurological symptoms have been reported in neuro-Sweet
disease: aphasia, ataxia, focal seizures, hemiparesis, hemi-
sensory loss, and movement disorder. The authors also
reported certain cases of neuro-Sweet disease to present with
neurovascular accidents, including strokes and ophthalmic
vein thrombosis. Imaging and cerebrospinal fluid analyses
are highly variable across cases, and therefore of little diag-
nostic value [9].

Since the publication of the review by Wallach et al., five
additional cases of neuro-Sweet disease have been added
to the literature [75-79]. Of note, Hiraga et al. describe a
patient who experienced recurrent neurologic episodes
(consisting of meningoencephalitis, ocular flutter, and sei-
zures) for 10 years prior to the development of skin lesions.
This report emphasizes that the dermatologic manifestation
of neuro-Sweet disease may remain latent for many years
[75]. Neuro-Sweet disease may also present in conjunction
with other disease states, and a case of neuro-Sweet disease
occurring in the setting of Sjogren’s syndrome has been
recently reported [78].
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4.4.2 Ophthalmological Involvement

Ocular involvement has been reported to occur in between
10 and 72% of SS patients [11, 80-83], and usually pre-
sents as mild to moderate conjunctivitis that resolves with
corticosteroid treatment [84]. However, ocular involve-
ment may be more severe. Recently, cases of SS present-
ing with bilateral panuveitis [85, 86], central retinal artery
occlusion [87], hemorrhagic conjunctivitis [88], meibomi-
tis [89], and retinal detachment have been described [86].
In 2020, Mishra et al. reported a case of SS presenting
with episcleritis that inexorably led to blindness despite
treatment with systemic corticosteroids, intravitreal dexa-
methasone implant, systemic dapsone, and sub-Tenon tri-
amcinolone [90].

4.4.3 Pulmonary Involvement

Involvement of lungs in SS is a rare phenomenon yet can be
associated with significant morbidity and mortality. Mani-
festations of pulmonary involvement in SS include bronchi-
ectasis [91], diffuse alveolar hemorrhage [92], ground glass
opacities mimicking pneumonia [67, 91, 93, 94], obstruc-
tive lung disease [91], and pleural effusion [95]. Pulmonary
involvement may follow skin involvement [67, 91, 92, 94,
95] or the pulmonary manifestations may appear concur-
rently with dermatologic lesions [93]. Clinically, a patient
with pulmonary involvement may present with pulmonary
symptoms such as dyspnea [67, 91, 94, 95] or hemoptysis
[92], or without any obvious pulmonary symptoms such that
pulmonary involvement only becomes evident after analysis
of imaging studies [93]. Bronchoalveolar lavage (BAL) will
show a neutrophilic predominance, but a culture of BAL
will be negative for organisms [91-93]. Pleural effusions,
if present, may also be analyzed, although a recent case of
SS presenting with a pleural effusion described the pleural
effusion to be pauci-neutrophilic, being dominated instead
by eosinophils and lymphocytes [95]. Thus, thoracocentesis
of pleural effusions may not unequivocally clinch the diag-
nosis in favor of SS, although the procedure should still be
performed to rule out malignancy and infection.

Recently, a case of SS with severe pulmonary involve-
ment requiring lung transplant was described. In the allo-
graft, SS recurred, presenting with diffuse bilateral airway
thickening and sterile bronchopneumonia. Intravenous
methyl prednisone led to regression of the pulmonary
lesions, yet following a methyl prednisone taper, the lesions
returned. Corticosteroid therapy was resumed and rilona-
cept was added, inducing disease remission [91]. Manglani
et al. reported a similar case, where SS led to diffuse alveo-
lar hemorrhage. Methyl prednisone therapy was initiated,
yet the patient progressed to multiorgan dysfunction and

expired [92]. While these cases are rare, they highlight the
importance of maintaining SS on the differential when eval-
uating a patient with SS-like cutaneous lesions and sterile
pneumonia.

4.4.4 Other Sites

Involvement of a variety of other extracutaneous sites has
also been observed. Bilateral sensorineural hearing loss [96],
laryngitis [97], myocarditis [98], and neutrophilic myositis
leading to rhabdomyolysis [99] have been recently reported
in literature. The gastrointestinal tract may also be involved,
and may be accompanied by hepatic and/or renal involve-
ment [2].

4.5 Differential Diagnosis

Although the diagnostic criteria for SS have been well estab-
lished, the differential diagnosis is vast, and arriving at a
final diagnosis is challenging. SS must be differentiated from
certain panniculitides (e.g., erythema nodosum), vasculitides
(e.g., polyarteritis nodosa), and infectious processes (e.g.,
chronic meningococcemia, erysipelas, infectious folliculi-
tis) that also present as painful, erythematous nodules. SS
may also present similarly to eosinophilic dermatoses and
leukemia/lymphoma cutis. In 2019, Inamadar and Adya pro-
posed an algorithm for approaching the patient with pain-
ful, erythematous nodules. They note chronicity, distribution
(localized versus generalized), and configuration (centrifugal
versus centripetal) to be key characteristics to consider, with
SS typically presenting as acute onset, centripetal lesions in
a generalized fashion [100]. Taken together with histological
evidence of neutrophilic infiltrate and the characteristic con-
stellation of inflammatory signs outlined by von den Driesch
[29], such a rash is suggestive of SS.

In recent literature, SS has been reported to mimic
cutaneous T-cell lymphoma [101], leprosy [102—-104],
leukemia cutis [105, 106], Mycobacterium haemophilum
infection [107], RAS-associated autoimmune leukoprolif-
erative disease, rheumatoid neutrophilic dermatoses [108],
secondary syphilis [109], and synovitis acne pustulosis
hyperostosis syndrome [110]. Conversely, SS has been
reported to be mimicked by cutaneous metastasis [111]
and rosacea-like dermatitis [63]. We summarize the pos-
sible differential diagnoses in Table 4.

Certain subtypes of SS in particular may be ostensibly
inconspicuous from the infectious conditions they resem-
ble. For instance, it is almost impossible to distinguish
subcutaneous SS from cellulitis based upon clinical exami-
nation alone. Cellulitis-like SS, NDDH, and necrotizing
SS too can be mistaken for an infectious process. Neuro-
Sweet disease is indistinguishable from viral meningoen-
cephalitis, and SS presenting with pulmonary involvement
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Table 4 Differential diagnosis of Sweet syndrome

Disease process Conditions

Infectious disease Chronic meningococcemia
Erysipelas

Infectious folliculitis

Leprosy

Mycobacterium haemophilum
Secondary syphilis
Inflammatory conditions Eosinophilic dermatosis

RAS-associated autoimmune
leukoproliferative disease

Rheumatoid neutrophilic derma-
tosis

Rosacea-like dermatitis

Synovitis acne pustulosis hyperos-
tosis syndrome

Neoplasm Cutaneous T cell lymphoma
Leukemia/lymphoma cutis
Cutaneous metastasis
Panniculitis Erythema nodosum
Sclerosing panniculitis
Vasculitis Cutaneous polyarteritis nodosa

Nodular vasculitis

effectively masquerades as infectious pneumonia. As such,
it is imperative to perform further confirmatory testing.
NDDH, necrotizing SS, and subcutaneous SS will all
return negative bacterial cultures; lumbar puncture of a
suspected case of neuro-Sweet disease will reveal ster-
ile cerebrospinal fluid; and a BAL or thoracocentesis of a
case of SS with pulmonary involvement will fail to show
organisms. In these situations, a therapeutic trial of cor-
ticosteroids may be initiated, and if response is observed,
then a diagnosis of SS may be supported.

5 Revisiting Disease Associations
5.1 Sweet Syndrome in the Setting of Malignancy

SS has been noted in the setting of a number of malignan-
cies, and SS may precede, be concurrent with, or follow
the diagnosis of malignancy. SS lesions may also precede
a cancer’s recurrence, thereby heralding it’s return. A case
of SS heralding the transformation of Fanconi’s anemia to
AML has been recently reported [19].

Hematologic malignancies in particular have been
described in association with SS. The association of AML
and SS has been the most studied. In a study of 2178 AML
patients, we have shown the incidence of SS to be 1%.
Additionally, we have further analyzed the patients with
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AML who develop SS to show that — 5/del(5q) karyotype
and FMS-related tyrosine kinase-3 (FLT3) mutations are
more prevalent among AML patients who develop SS than
AML patients who do not develop SS [112]. A more recent
study of 216 AML patients has shown the incidence of
SS to be 5.5%, although the study did not perform fur-
ther molecular studies [113]. Several cases of SS arising
in the setting of myelodysplastic syndrome (MDS) have
also been described. In a retrospective study of 23 MDS
patients with SS, two patients were diagnosed prior to, six
concurrently with, and 15 after the diagnosis of SS [114].
Two cases of hairy cell leukemia presenting with SS [115,
116] and a case of myelofibrosis presenting with SS [117]
have also been recently reported.

SS has also been recently associated with a number of
solid organ malignancies including cervical cancer [118],
cholangiocarcinoma [119], colorectal cancer [111], gastric
adenocarcinoma [8], and lung cancer [8]. Thus, SS may
be considered a rare cutaneous paraneoplastic syndrome
associated with a host of malignancies.

5.2 Sweet Syndrome and Infectious Triggers

While SS itself is a non-infectious dermatosis, a number of
infections have been reported to trigger or occur concurrently
with SS. A 2020 Thai study of 88 patients with nontuber-
culous mycobacterial (NTM) infections reported the preva-
lence of SS to be 3.4%, and concluded SS to be the most
common reactive dermatosis in NTM infections [120]. The
incidence of SS in other bacterial infections is less well
characterized, although SS has been reported in the setting
of infection with Burkholderia pseudomallei [121], Erysip-
elothrix rhusiopathiae [122], Mycobacterium tuberculosis
[123], and Treponema pallidum [124, 125]. Viruses have
also been reported in association with SS, with Hepatitis C
[126], human immunodeficiency virus [127, 128], and severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
[129-131] being recently reported as culprits.

SS in the setting of fungal infections has also been
described. In a Brazilian study of 342 patients with sporo-
trichosis, 10 patients were noted to develop SS [132]; coc-
cidiomycosis [133] and histoplasmosis [134] have also been
reported as fungal triggers. SS in the context of parasitic
infections appears to be a less frequent occurrence, although
SS in the setting of toxoplasmosis [135] and enterobiasis
[136] has been reported.

Indeed, it is possible that that the occurrence of SS in the
setting of infection be merely a coincidence. However, it is
also possible that a bona fide association between SS and an
infectious process exists. Mechanistically, it is plausible to
suggest that an infection sets up a pro-inflammatory milieu
that is propitious to the development of SS. We discuss
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possible mechanistic links in further depth in Section 8 of
the manuscript.

5.3 Other Disease Associations

5.3.1 Sweet Syndrome Associated with Autoimmune
Diseases

SS has been reported to occur in the setting of a variety of
autoimmune conditions. Autoimmune connective tissue dis-
orders in particular have been recently noted in association
with SS and include Behget’s disease [68], mixed connective
tissue disease [137], polymyalgia rheumatica [138], rheu-
matoid arthritis [139-141], Sjogren’s syndrome [78, 142],
and systemic lupus erythematous [143]. SS has also been
reported in conjunction with eosinophilic granulomatosis
with polyangiitis [144] and Hashimoto’s thyroiditis [145].
Again, it is possible that co-existence of autoimmune condi-
tions and SS is merely coincidental, and that there is no etio-
logic link between autoimmune disease and SS. However, as
may be the case in SS occurring in the setting of infections,
a dysregulated immune system in autoimmune states lends
itself well to the development of SS.

5.3.2 Sweet Syndrome in States of Immune Deficiency

Somewhat paradoxically, SS has also been noted in a number
of immunodeficiency states. In 2019, Cook et al. reported a
case of SS occurring in a child with common variable immu-
nodeficiency. They also reviewed the literature to summarize
the cases of SS occurring in other immunodeficiency condi-
tions, and noted SS to have been a finding in primary and
secondary T-cell lymphopenia and chronic granulomatous
disease [146].

In October 2021, Kiratikanon et al. reported 34 cases of
SS occurring in the setting of adult-onset immunodeficiency
(AOID), an immunodeficiency syndrome precipitated by
anti-interferon gamma (IFN-y) autoantibodies. The investi-
gators reported that AOID increased the risk of developing
SS, even after accounting for disseminated non-tuberculous
mycobacterial infection as a possible confounder [147].
Indeed, it is difficult to reconcile this finding with our ear-
lier hypothesis that a general state of immune over-activation
contributes to SS pathogenesis, as SS has now been shown to
occur in states of immunodeficiency in the absence of infec-
tious agents. We attempt an explanation of this conundrum
in Section 8 of the manuscript.

5.3.3 Sweet Syndrome: An Extraintestinal Manifestation
of Inflammatory Bowel Disease

SS has been noted as an extraintestinal manifestation of
inflammatory bowel disease (IBD) on numerous occasions;

such an occurrence is not surprising, considering that PG is
one of the most common cutaneous manifestations of both
Crohn’s disease and ulcerative colitis. In an Argentinian
study of 444 IBD patients, the incidence of SS was observed
to be 0.7%, approximately half that of PG. In all cases of SS,
corticosteroids induced complete lesion involution [148].

In 2021, Sleiman et al. conducted a systematic review of
all patients with IBD who had associated SS. Based on their
pooled analysis of 95 patients, they observed SS to follow
the diagnosis of IBD 64.2% of the time, though SS was also
noted to occur prior to and concurrently with the diagnosis
of SS in 5.3% and 29.5% of cases, respectively. Furthermore,
SS was noted to occur both during an IBD flare as well as in
periods of IBD quiescence. The investigators did not notice
any clinical, histological, or laboratory differences between
SS appearing in Crohn’s disease versus SS appearing in
ulcerative colitis. Corticosteroids were reported to be effec-
tive in 90.5% of cases [149].

5.3.4 Other Associations

SS has also been recently reported in association with amy-
loid nephropathy [150], hidradenitis suppurativa [41, 151],
and sarcoidosis [152]. Possible pathogenic mechanisms
between these conditions and SS remain to be established.

6 An Updated List of latrogenic Causes

Scores of drugs have been reported to trigger SS; granulo-
cyte colony stimulating factor (G-CSF) and FLT3 inhibitors
(a class of tyrosine kinase inhibitors that target AML with
FLT3 mutations), have been reported as frequent iatrogenic
triggers, although a variety of antimicrobial and antineo-
plastic agents have also been commonly implicated [2].
Several other medications have been recently added to the
litany of iatrogenic triggers (Table 5). Of course, this list
is not exhaustive, and only reflects novel drug associations
reported in the last 3 years. One may refer to the review by
Nelson et al. for a list of iatrogenic triggers reported prior
to 2018 [2].

Given the impressive heterogeneity in the classes of
drugs that have been implicated in instigating SS, it is
unlikely that they contribute to SS pathogenesis in an iden-
tical manner. The mechanism of SS induction by G-CSF,
FLT3 inhibitors, and all-trans retinoic acid (ATRA) is most
amenable to explanation. As G-CSF mobilizes granulo-
cytes from the bone marrow, it is possible that in some
patients, G-CSF treatment causes an exuberant neutro-
philic response. FLT3 inhibitors induce differentiation of
myeloid blasts into mature neutrophils, which then localize
to the dermis, yielding SS. Similarly, ATRA (a treatment
for acute promyelocytic leukemia) causes differentiation of
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promyelocyte blasts; the mature cells can then migrate to
the dermis, resulting in SS. SS seen with other drugs may
occur as a reaction pattern. We discuss possible mechanistic
links further in Section 8 of the manuscript, and also evalu-
ate the quality of studies reporting these drug eruptions in
Section 9.

7 Therapeutic Options

It is worth emphasizing that SS may resolve spontaneously;
alternatively, SS may regress following the treatment of the
underlying condition (e.g., malignancy) or following with-
drawal of the putative offending drug. Thus, in instances of
mild to moderate SS, reassurance, treatment of underlying
malignancy, or discontinuation of the provoking medication
may all be reasonable management options. However, if SS
is more severe or if the patient desires treatment for cosmetic
purposes, then pharmacotherapy may be initiated [153].

Corticosteroids constitute the mainstay of SS treat-
ment, with most cases of SS being exquisitely responsive
to prednisone at a dosage of 0.5-1 mg/kg/day [7, 10]. In
a retrospective study of 83 SS patients, of whom 44 were
treated with systemic corticosteroids, all patients responded
to treatment [7]. A 100% response rate was also observed
in another retrospective study of 24 SS patients who were
managed with systemic corticosteroids [6]. However, in cer-
tain instances, SS may be refractory to steroid treatment,
or steroid-sparing therapy may be desired. In 2019, Lee
et al. reported a case of SS recalcitrant to 2 years of steroid
treatment. Due to the long-term use of corticosteroids, the
patient developed severe hypertrophic scars on the buttocks
and lower extremities [66]. Recently, an SS patient undergo-
ing prednisone treatment was reported to develop infection
with coronavirus disease 19 (COVID-19) and subsequently
die from respiratory failure. While the extent to which ster-
oid treatment contributed to the patient’s eventual death is
unclear (of note, the patient also had Fanconi’s anemia),
patients taking high-dose corticosteroids have been deemed
vulnerable to COVID-19 [154]. In these situations, alterna-
tives to corticosteroids may be sought.

Of all steroid-sparing therapies, indomethacin is sup-
ported by the highest level of evidence. In an 18-patient
prospective trial, indomethacin was administered at a dos-
age of 150 mg/day for the first week and 100 mg/day for 2
weeks thereafter. Ninety-four percent of patients responded
to treatment and did not experience relapse [155]. While
compelling, the study should be replicated in a larger cohort
to be further validated. Colchicine also appears to be effi-
cacious. In a 20-patient retrospective study, 1-1.5 mg/day
of colchicine for a mean duration of 15 days led to remis-
sion in all but two patients; none of the responders endorsed
lesion recurrence [156]. Smaller case series of <10 patients
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Table 5 Recently reported iatrogenic causes of Sweet syndrome. For
a list of previously reported associations, refer to Nelson et al. [2] and
Heath and Ortega-Loayaza [166]

Drug References
Clopidogrel [174]
Dapagliflozin [175]
Enasedinib [176]
Hydroxychloroquine [142]
Ixazomib [177-179]
Lamotrigine [180]
Letrozole [181]
LMWH [182]
Midostaurin [183]
Palbociclib [184]
Pemetrexed [185]
Ruxolitinib [186]
SARS-CoV-2 vaccination [187-191]
Tocilizumab [138]

LMWH low molecular weight heparin, SARS-CoV-2 severe acute res-
piratory syndrome coronavirus 2

have also shown efficacy for clofazimine [29] and potassium
iodide [157, 158]. Isolated case reports have also shown
efficacy for azathioprine, cyclophosphamide, cyclosporine,
etretinate, IFN-a, rituximab, tacrolimus, and tetracyclines,
and have been reviewed by Nelson et al. [2].

More recent studies have described additional thera-
peutic options for SS. In a 20-patient retrospective study,
acitretin at a dosage of 10-50 mg/day contributed to com-
plete/near complete remission of SS in all patients; moreo-
ver, 14 patients experienced remission within 2 weeks of
initiating treatment [159]. Dapsone is also supported by a
modicum of evidence. In an 11-patient retrospective study,
Hrin et al. described dapsone, at a median daily dosage of
100 mg for a median duration of 13 months, to result in
an 82% response rate. However, two patients experienced
myelosuppression, warranting treatment cessation [160].

Recent case reports have also demonstrated efficacy for
baricitinib (a Janus kinase inhibitor) [141], thalidomide
[128], and combination acitretin and colchicine therapy
[161]. A number of biologic agents have also been recently
reported as viable management options for refractory SS:
adalimumab [162] and infliximab [23, 37, 163] (anti-tumor
necrosis factor alpha [TNFa] agents), anakinra [164] and
rilonacept [91] (anti-IL1 agents), and tocilizumab (anti-
1IL6) [146, 150]. Ustekinumab, an IL.12 and IL23 inhibitor,
was reported to be ineffective in a case of recalcitrant SS
[165].

We summarize the recently reported therapeutic options
in Table 6 and include indomethacin and colchicine as they
arise to ‘B’ and ‘C’ levels of evidence, respectively. Given
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the paucity of evidence-based therapies as well as the vari-
ous co-morbidities afflicting SS patients, it is difficult to
provide universal treatment guidelines. While corticoster-
oids should remain first-line therapies, second-line agents
should be personalized based on patient comorbidities,
past medical history, and preference.

8 Established and Emerging Paradigms
of SS Pathogenesis

In 2019, Heath and Ortega-Loayza reviewed the proposed
mechanisms of SS pathogenesis, and noted the patho-
genesis of SS to be likely multifactorial [166]. Here, we
emphasize new developments in SS pathogenesis.

8.1 Overexuberant Neutrophil Proliferation,
Maturation, and Dermal Honing

Heath and Ortega-Loayaza noted aberrancy in neutrophilic
proliferation, maturation, and dermal localization to be
one possible paradigm to conceptualize SS pathogenesis.
Development of SS under ATRA, G-CSF, and FLT3 inhib-
itor treatment supports this theory [166].

Additionally, the successful management of SS with
acitretin [159] further supports this conjecture, as acitre-
tin has been shown to inhibit neutrophil migration [167].
A similar hypothesis posits that in cases of hematologic
malignancy, dysplastic neutrophils (of the same clonal ori-
gin as malignant myeloblasts) have an inherently greater
capacity to localize to the dermis and incite inflamma-
tion [166]. This hypothesis is supported by a 2020 study
that showed that the malignant myeloid clone and the
skin-infiltrating neutrophils in SS share a common clonal
progenitor. However, the mutation profile observed was
distinct across patients, suggesting that particular genetic
mutations may not predict propensity for dermal invasion.
Additionally, as this study was limited to only ten patients,
further studies are needed to validate these findings [168].

8.2 Genetic Predisposition

Genetics have also been proposed to increase susceptibil-
ity to SS, and such a hypothesis is supported by increased
prevalence of HLA-Cw1 or B54 in patients with neuro-
Sweet disease [74]. An association between SS and
familial Mediterranean fever (which results from patho-
genic variants in the MEFV gene that codes for pyrin, an
intracellular pattern recognition receptor) also supports a
genetic basis for SS [166].

8.3 Cytokine and T-Cell Dysregulation

Cytokines also likely contribute to SS. As reviewed by
Heath and Ortega-Loayaza, a Thl predominant response
has been observed in SS. Recent reports of SS responding
to the TNFa inhibitors adalimumab [162] and infliximab
[23, 37, 163], and the IL-1 inhibitors anakinra [164] and
rilonacept [91], support a Thl axis bias.

However, more recent literature suggests that the patho-
genesis of SS may be more nuanced than just Thl axis
dysregulation. In fact, a recent case report of SS failed
to reveal Thl predominance; instead, the cytokine signa-
ture was more diverse, showing elevation of IL6 [77], a
cytokine that simultaneously inhibits the Th1 axis while
evoking a Th2 response [169]. Indeed, the recent reports
of refractory SS being managed with tocilizumab, an IL6
receptor antagonist, further support the notion that IL6 is
over-expressed in SS [146, 150].

The paradoxical induction of SS by adalimumab [41]
also emphasizes that the inflammation in SS may not be
limited to Th1 axis dysregulation. The occurrence of SS in
AOID further highlights this complexity [147]. As IFN-y
is a major Thl cytokine, the emergence of SS in spite of
an IFN-vy blockade (that is naturally present in AOID) sug-
gests that either TNFa and IL-1p are able to compensate
for the loss of IFN-y, or that inflammation is mediated by
a different T-cell axis altogether.

Perhaps, in certain cases of SS, the inflammatory
response is dominated by the Th17 axis. Indeed, this

Table 6 Recently reported treatments for Sweet syndrome and their
corresponding level of evidence

Treatment Level of evidence = References
Acitretin C [159]
Acitretin + colchicine D [161]
Baricitinib D [141]
Biologic agents
Adalimumab D [162]
Anakinra D [164]
Infliximab D [23, 37, 192]
Rilonacept D [91]
Tocilizumab D [146, 150]
Colchicine C [156]
Clofazimine D [29]
Corticosteroids C [6-8]
Dapsone C [160]
Indomethacin B [155]
Potassium iodide D [157, 158]
Thalidomide D [128]

B lesser quality randomized controlled trial or prospective study, C
case-control study or retrospective study, D case series or case reports
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would explain the occurrence of SS in AOID as well as
the induction of SS by adalimumab. With an inhibited Th1
axis, the Th17 axis may be upregulated in a manner that is
over-compensatory, resulting in immune dysregulation that
may manifest as SS. Such a hypothesis has been advanced
by investigations of autoimmunity in mice [170]; however,
this hypothesis is undermined by the recent case report of
SS refractory to ustekinumab [165].

Another possibility, albeit speculative, is that some
cases of SS are marked by Th2 axis dysregulation. Indeed,
such a hypothesis would be consistent with the case report
of SS associated with the parasite Enterobius vermicula-
ris, which would naturally induce Th2 pathway activation
[136].

8.4 Pathergy and Photoinduction

Certain cases of SS have also been attributed to Koebner’s
phenomenon [55, 171, 172]. In such cases, it is possible
that trauma to the epithelium generates an inflammatory
response that favors SS induction. Indeed, due to the risk
of possible exacerbation of SS due to intralesional therapies
or injections, it may be advisable to use oral therapies for
SS first before resorting to injectable medications. Cases
of photoinduced SS have also been described. Once again,
the pathogenesis of this entity remains to be elucidated,
although some have proposed that ultraviolet light stimu-
lates keratinocytes to produce IL-8 and TNFa, which in turn
recruit neutrophils to the dermis [65].

8.5 A Unified Paradigm of Pathogenesis:
An Unlikely Possibility?

Altogether, it is likely that the various mechanisms con-
tributing to SS cannot be distilled into an elegant, unified
scheme. Each individual with SS is likely to be slightly dif-
ferent, with unique external chemical and physical insults,
immune dysregulation (due to autoimmunity or malig-
nancy), and/or predisposing genetics. Additionally, with
emerging literature, our understanding of SS will continue to
evolve. For instance, an April 2021 study of 37 SS patients
found neutrophil extracellular traps (NETs; net-like proteins
that immobilize pathogens) to be expressed in the tissue of
37.8% of patients [173]; these neutrophil extracellular traps
may in turn stimulate macrophages for cytokine produc-
tion. Additionally, the study investigators noted partial co-
localization of NETs with TNFa and IL-1p, suggesting that
the cytokine dysregulation and NETs may synergistically
contribute to SS. While targeting NETs may not be of thera-
peutic potential, they nonetheless comprise another piece of
the SS pathogenesis puzzle.
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Moreover, many questions in SS pathogenesis remain to
be answered. Are the mechanisms of SS pathogenesis con-
served between the different variants of SS or are they the
same? Is there over-regulation of the Janus kinase signal
transducer and activator of transcription (JAK-STAT) path-
way in SS? The successful treatment of SS with baricitinib, a
JAK inhibitor, seems to suggest so [141], yet this hypothesis
remains to be confirmed by tissue analysis.

9 Study Quality Assessment

Among the 30 cases of iatrogenic SS that we reviewed using
the Naranjo Drug Reaction Probability Scale [3], 24 studies
earned a score between 1 and 4 and thus represent ‘possible’
ADRs; six studies earned a score between 5 and 8 and thus
represent ‘probable’ ADRs; and no study earned a score >9,
the threshold for an ADR to be considered ‘definite’. Among
the 15 treatment-oriented studies we reviewed using the Tool
for evaluating the methodological quality of case reports
and case series [4], one study was graded a score of 3, four
studies a score of 4, nine studies a score of 5, and one study
a score of 6, out of a best possible score of 8 points.

10 Review Limitations

We acknowledge our review to be subject to important limi-
tations. Selection bias is one limitation of our review, as
we only included studies published in the English language.
Furthermore, the quality of the studies we reviewed limits
the strength of our findings: 80% of the drug-induced cases
of SS reported can only be considered ‘possible’ ADRs;
additionally, of the treatment-focused studies we reviewed,
none earned a score of 7 or 8, and 93% had scores <5/8.

More specifically, none of the treatment-focused studies
we reviewed excluded spontaneous remission. Indeed, spon-
taneous remission of SS has been reported in the literature
[153]; thus, the possibility of spontaneous remission con-
founds the therapeutic potential of the treatments we review.
Furthermore, none of the treatment-focused studies reported
a challenge/re-challenge phenomenon; altogether then, the
treatment-focused studies were weakest in the ‘causality’
domain defined by Murad and colleagues, suggesting that
while there may be a temporal association between initia-
tion of treatment and disappearance of SS, the causal link
is tenuous.

The same can be said of the articles reporting drug-
induced SS. As SS can also arise spontaneously in the
absence of any offending medications, it is possible that the
association of SS with certain drugs is spurious. Publica-
tion bias compounds this issue, as there is greater novelty
in reporting cases of iatrogenic rather than idiopathic SS.
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11 Conclusions

Since Dr Sweet’s 1964 report, our understanding of SS has
expanded considerably. SS is now recognized to present
along a broad spectrum that encapsulates not just “raised
painful plaques,” but also other clinical variants: bullous SS,
cellulitis-like SS, necrotizing SS, and neutrophilic derma-
toses of the dorsal hands. A wider histological spectrum has
also been recognized, and though “dense dermal infiltration
with mature neutrophil polymorphs” remains the prototypic
histological descriptor, cryptococcoid, histiocytoid, and sub-
cutaneous variants have been added to the literature. SS has
also been reported to present with extracutaneous manifesta-
tions that involve virtually every organ system. Neurologi-
cal (neuro-Sweet disease), ophthalmological, and pulmonary
involvement may be clinically the most dramatic. The dif-
ferential diagnosis for SS is vast. To that end, establishing
concordance between clinical, histological, and laboratory
findings is crucial prior to rendering a diagnosis of SS.

SS has been reported in a variety of malignancies and
infectious processes. SS likely represents a bona fide extra-
cutaneous manifestation of IBD. SS has also been reported
in conjunction with a host of autoimmune states and,
somewhat paradoxically, in states of immunodeficiency;
it is unclear, however, whether these associations are due
to a shared etiology or are just coincidental occurrences.
A number of drugs have also been reported to trigger SS.
ATRA, FLTR3 inhibitors, and G-CSF most likely repre-
sent true iatrogenic triggers. Other drugs may induce SS
through a hypersensitivity mechanism, or the appearance
of SS following the initiation of a particular drug may
simply be spurious.

With regards to therapy, there is a paucity of high-
quality, treatment-focused studies. Nevertheless, given the
brisk response to corticosteroids that is observed in most
SS patients, corticosteroids are considered to be first-line
therapies. Treatment with indomethacin is supported by
the highest level of evidence, and may be attempted if SS
does not respond to steroid therapy. Acitretin, colchicine,
and dapsone are supported by retrospective studies. Iso-
lated case reports have also shown efficacy for biologic
agents. Ultimately, treatment should be personalized based
upon patient co-morbidities, past medical history, and
preference.

A canonical dogma to conceptualize SS pathogenesis
likely does not exist. Rather, SS pathogenesis appears to be
multifactorial, a product of external chemical and physical
insults, host immune dysregulation (due to autoimmunity
or malignancy), and/or predisposing genetic elements.

Our knowledge of SS pathogenesis, disease associa-
tions, and treatment options is incomplete and evolving.
Tissue analysis may afford us an opportunity to better

characterize the molecular milieu of SS. Prospective or
randomized controlled studies should also be conducted
to establish evidence-based therapies for SS, and, large,
multi-center, case-control studies may offer more robust
evidence for potential disease associations.
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