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Abstract

Granuloma annulare (GA) is an inflammatory granulomatous skin disease that can be localized (localized GA) or dissemi-
nated (generalized GA), with patch, perforating, and subcutaneous subtypes being less common variants of this benign
condition. Recently, new research has emerged that further elucidates GA epidemiology and etiopathogenesis; importantly,
new therapeutic options for GA have also been described, although there remains a paucity of randomized controlled stud-
ies. In this review, we summarize recent updates on GA epidemiology and etiopathogenesis and offer an updated review of
the therapeutic options for GA currently reported in the literature. We hope that the current review galvanizes randomized
controlled studies that will in turn help lead to the recommendation of evidence-based treatments for GA.

1 Introduction

Key Points
The first report of granuloma annulare (GA) is credited to

Colcott-Fox, who in 1895 described a ‘ringed eruption of Granuloma annulare (GA) is a benign skin reaction with
the fingers’ in an 11-year-old girl [1]. The term ‘granuloma an incidence of 0.04% in the US, and has shown to be
annulare’ itself was introduced later in 1902 by Radcliffe- significantly associated with autoimmune disease, diabe-
Crocker [2]. GA is a condition that remains poorly under- tes mellitus, and hyperlipidemia. Likely owing to its rela-
stood and past attempts to review GA have conceded that the tive rarity, little is known about its etiopathogenesis.
etiopathogenesis eludes facile explanation and that diagnosis Recent studies have implicated T-helper 1 (Th1) axis and
and treatment is challenging [3-7]. In 2018, Wang and Kha- Janus kinase-signal transducer and activator of transcrip-
chemoune reviewed literature published up to August 2017 tion JAK-STAT) pathway dysregulation in GA. Certain
to provide a focused review of therapeutic options for GA. infectious triggers have also been reported in association
They noted that while localized disease tends to respond well with GA, although it is unlikely that they unilaterally

to topical and intralesional corticosteroids, generalized GA induce GA, as GA remains a non-infectious dermato-
remains difficult to manage and refractory to corticosteroid sis. Reports of iatrogenic GA have also been described,
treatment. Furthermore, while they reported phototherapy although the precise mechanism of these drug eruptions
to be the most well-studied and reliable option for general- is yet to be elucidated.

ized disease, there is otherwise a paucity of evidence-based ) . ) .
therapies to establish a paradigm of care for patients with Management of GA 15 cha}llenglng Andis furt}'1er GO
generalized GA [8] cated by the paucity of evidence-based therapies. Based

on recent literature, we propose a therapeutic ladder for
GA treatment, with topical and intralesional corticoster-
oids to be the first rung of this ladder. Dapsone, hydroxy-
chloroquine, methotrexate, pentoxifylline, and sulphasala-
zine may be considered to be the second rung if treatment
with topical and intralesional corticosteroids fails. If GA
still remains recalcitrant to treatment, then phototherapy

Just in the past few years, a number of observational
studies have been published that shed further light on GA.
Additional evidence regarding the mechanism underlying
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GA has emerged and compelling therapeutic strategies have
also been described. Nevertheless, there remains a lack of
randomized controlled studies that can establish the efficacy
of any particular therapeutic option.

In this review, we briefly discuss new evidence that has
emerged regarding GA epidemiology, etiology, and patho-
genesis, and provide an updated review of the treatment
options currently available for GA. We acknowledge the lack
of randomized trials to be a concern and as such we critically
appraise the current observational studies for bias and pro-
vide the level of evidence available for reviewed treatments.
Moreover, as cases of effective treatment lend further sup-
port to proposed mechanisms of GA pathogenesis, we also
attempt to recapitulate GA pathogenesis vis-a-vis treatment.

2 Methods

We performed a literature search using PubMed. As the
last review of GA treatment by Wang and Khachemoune
[8] had captured articles published until August 2017, we
included studies published between September 2017 and 20
August 2021. We used the search term ‘granuloma annu-
lare’ to obtain 285 results. Eligible studies were reports that
described a response (or lack thereof) to a particular therapy.
Case studies and case series were included. We excluded
commentaries and editorials as well as studies not published
in the English language. A total of 36 studies were included
in our review. Our study selection process is illustrated in
Fig. 1.

We assessed the risk of bias in the reviewed studies using
the Tool for evaluating the methodological quality 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
(Table 1) [9].

3 Epidemiology

A 2021 study by Barbieri et al. of 11,608 patients with
incident GA and 17,862 patients with prevalent GA helps
to establish the epidemiology of GA in the US. The study
investigators report the incidence of GA to be 0.04% and
note both the incidence and prevalence of disease to be
most frequent during the fifth decade of life. Moreover, GA
has a predilection for women, with a female-to-male ratio
of 3:1. Incidence and prevalence also appears to be more
common among Caucasians and individuals with a higher
household income and educational attainment. Nevertheless,
it is unclear whether this difference is due to genetic and
environmental factors or merely due to a lower likelihood
of racial minorities and individuals with lower educational
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attainment seeking medical attention [10]. A recent study
of 180 GA patients in the All of Us Research Program, a
National Institutes of Health database that includes groups
that have been historically underrepresented in research,
also reports GA to be more prevalent among White patients
compared with non-White patients, suggesting that a genetic
predisposition may indeed be likely, although further studies
are still needed to establish such an association [11].

The study by Barbieri et al. also provides data on com-
monly prescribed treatments. Topical and intralesional cor-
ticosteroids appear to be the de facto first-line treatments
for GA, with 41.5% of GA patients filling a prescription for
topical corticosteroids and 9.4% of GA patients receiving
injections for intralesional corticosteroids within 6 months
of being diagnosed. Tetracycline and hydroxychloroquine
(HCQ) were also prescribed as first-line treatments at a
frequency of 7.1% and 2.3%, respectively. Interestingly,
phototherapy, despite being the most efficacious and evi-
dence-based treatment currently available, was utilized by
only 0.5% of patients, suggesting that perhaps logistical and
financial constraints may preclude phototherapy from being
a viable treatment option [10].

4 Clinical and Histological Presentation
and Differential Diagnosis

4.1 Clinical Presentation

As the name suggests, GA is a non-infectious granulomatous
skin reaction; ‘annulare’ refers to the morphology of the
lesions, which, in localized forms of GA, appear as isolated,
skin-colored to erythematous circinate papules and plaques.
GA can also present in a generalized fashion, with gener-
alized (i.e. disseminated) GA being defined as at least 10
widespread annular plaques [5].

Subcutaneous GA is another variant of GA and is com-
mon in the pediatric population. It typically presents as a
firm, subcutaneous mass on the lower extremities [12]. Patch
type GA is a less common variant and presents as violaceous
to erythematous patches that typically involve the bilateral
proximal extremities [13]. Perforating GA has also been
described and presents as umbilicated papules or pustules
with crusting; both localized [14] and generalized [15] forms
of perforating GA have been reported. GA appearing on the
acral surfaces is rare but has recently been reported on the
palms [16, 17] and the soles of the feet [17].

4.2 Histological Presentation
GA presents histologically with a focus of necrobiosis sur-

rounded by palisading histiocytes. Additionally, mucin depo-
sition is an important hallmark of GA. Multinucleated giant
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Fig. 1 Flow diagram outlining
the method of study selection.
GA granuloma annulare

Eligibility Screening Identification

Included

Records identified through PubMed

(n=285)
v
Records screened
(n=285) ’
Full-text articles assessed
for eligibility - >
(n=1759)

Studies included in review
(n=136)

No duplicates removed

Records excluded after title
screen
(n=226)

Full-text articles excluded
(n=23)
Treatment not reported or
patients were lost to
follow-up
(n=10)

Report was not a case of
GA (n=11)
Article was an editorial
(n=2)

Table 1 Tool for evaluating the methodological quality of case reports and case series, as proposed by Murad and colleagues [9]

Domains

Leading explanatory questions

Points

Selection

Ascertainment

Causality

Reporting

1. Does the patient(s) represent(s) the whole experience of the investigator (center) or is the selec- 1
tion method unclear to the extent that other patients with similar presentation may not have been

reported?

2. Was the exposure adequately ascertained?

3. Was the outcome adequately ascertained?

4. Were other alternative causes that may explain the observation ruled out?

5. Was there a challenge/rechallenge phenomenon?

6. Was there a dose—response effect?

7. Was follow-up long enough for outcomes to occur?

8. Is the case(s) described with sufficient detail to allow other investigators to replicate the

—_ o s e e e

research or to allow practitioners to make inferences related to their own practice?
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cells are also a common finding and eosinophils, lympho-
cytes, and neutrophils infiltrating the dermis may also be
observed [18]. Different subtypes of GA have been noted
to have certain characteristic features, although the triad
of degraded collagen, histiocytic infiltrate, and presence of
mucin seem to be common findings across all subtypes of
GA.

4.3 Differential Diagnosis

In most cases, the diagnosis of GA is straightforward. Albeit
rarely, initial clinical impressions can be either ambiguous
or misleading, making diagnosis difficult. Notably, GA can
resemble other granulomatous skin conditions [19]. The
presence of mucin is an important histologic feature that
can clinch the diagnosis in the favor of GA, as histological
examination of other granulomatous skin diseases such as
sarcoidosis and necrobiosis lipoidica does not reveal mucin
deposition [5]. Recently, a case of GA appearing on a scar
and mimicking sarcoidosis was reported [20]. GA has also
been reported to mimic dermatofibroma [21], dermatomy-
ositis [22], papulonecrotic tuberculid [23], psoriasis [24,
25], and tinea cruris [26]. Conversely, borreliosis [27],
Churg—Strauss Syndrome [28], Kaposi sarcoma [29], and
tuberculoid leprosy [30] have been reported to masquer-
ade as GA. Such case reports underscore the importance of
establishing a clinicopathologic correlation before rendering
a diagnosis.

Dermoscopic findings may also facilitate diagnosis.
Unfocused vessels of variable appearance against a pink-
ish-reddish background are characteristic but by no means
pathognomonic [31, 32]. Recently, ultrasound was reported
to be of utility in the diagnosis of subcutaneous GA [33, 34].
As subcutaneous GA is more common among children (who
may be more averse to biopsy), ultrasound may represent a
novel and useful tool in the diagnosis of this rare GA variant,
although further studies are needed to validate the efficacy
of ultrasound.

5 Update on Etiopathogenesis and Disease
Associations

5.1 Towards a Closer Understanding of Granuloma
Annulare (GA) Pathogenesis

Elucidating the pathogenesis of GA has been challenging
and our understanding has evolved over the years. Recently,
two published studies have advanced our understanding of
GA pathogenesis by further uncovering its molecular basis
and cytokine signature. Min et al. reported the upregulation
of both T-helper (Th) 1 and Th2 pathways in GA lesions
compared with healthy skin (of note, previously only the
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Th1 pathway was implicated in GA pathogenesis). Increased
messenger RNA (mRNA) expression of cytokines corre-
sponding to both T-cell axes were also noted: tumor necrosis
factor (TNF)-a, interleukin (IL)-1p, interferon (IFN)-y, and
IL-12/23p4 (corresponding to Thl pathway activation) and
IL-4 and IL-31 (corresponding to Th2 pathway activation).
The upregulation of /L-4 mRNA expression was particularly
pronounced, with a 15,600-fold increase in GA lesional skin
versus control skin. Furthermore, Th17 and Th22 axes and
the Janus kinase-signal transducer and activator of transcrip-
tion (JAK-STAT) pathway were also upregulated [35].

A 2021 study by Wang et al. also found activation of the
Th1 and JAK-STAT pathways in GA. In particular, the inves-
tigators described the elevation of mRNA of key molecu-
lar mediators involved in the JAK-STAT pathway, such
as IFN-y, oncostatin M, and, to a lesser extent, IL-15 and
IL-2]. Interestingly, Wang et al. described upregulation of
‘M1’ macrophage polarization as well as ‘M2’ macrophage
polarization [36]. While contradictory, such a finding may be
reconciled by ascribing a biphasic mechanism to GA patho-
genesis. First, collagen degradation, mediated by a ‘M1’
macrophage response, is followed by tissue remodeling and
mucin deposition mediated by a ‘M2’ macrophage response.

Neither the study by Min et al. nor Wang et al. identi-
fied targeting of CD8™ T cells to be of therapeutic poten-
tial. While Wang et al. did report an increased abundance of
CD8* T cells [36], the expansion of CD4* T cells was more
pronounced, a finding consistent with previous studies by
Modlin et al. [37, 38].

An important inconsistency between the work by Min
et al. and Wang et al. is that Wang et al. did not find upregu-
lation of the Th2 pathway that was reported by Min et al.
However, plasma levels of IL-4 were elevated in two of the
five patients studied by Wang et al. While larger studies eval-
uating the molecular markers of GA are needed to clarify
this discrepancy, the current studies by Min et al. and Wang
et al. pave the way for targeted therapies blocking the Th1
and JAK-STAT pathways.

5.2 New Evidence on GA Disease Associations
5.2.1 GA and Chronic Comorbidities

GA has been reported to be associated with a host of comor-
bidities. The link between diabetes mellitus (DM) and GA
has been the most discussed and most debated, with smaller
cohort studies reporting conflicting findings. A 2021 ret-
rospective cohort study of 51,169 patients with GA is the
largest and most rigorous study to date that investigates the
link of GA with DM. The study investigators report that
21.1% of patients with GA had DM, while only 13.3% of
matched controls had DM. The same study also found GA to
be significantly associated with hyperlipidemia, rheumatoid
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arthritis (RA), and systemic lupus erythematosus (SLE). The
study suggests that DM and hyperlipidemia may instigate
GA through a common pathway of T-cell dysregulation.
Additionally, the association between GA and autoimmune
disorders (RA and SLE) lends support to the idea that auto-
immunity may be a driver of GA [39].

A recent nested case-control study of 177 GA patients
(matched to 708 controls) in the All of Us database also
found that GA was significantly associated with autoim-
mune disease, DM, and hyperlipidemia. The study also
found hypothyroidism and ischemic heart disease to be sig-
nificantly associated with GA [40].

5.2.2 GA and Malignancy

Notably, however, the study of 51,169 GA patients did not
find a significant link between hematologic malignant neo-
plasms and GA [39]. Another study of 5137 GA patients
failed to establish a link between GA and solid organ cancers
[41]. A 2019 case-control study from Spain of 60 patients
matched to 300 controls also did not find an association
between GA and malignancy [42].

Nonetheless, the above studies are subject to a number of
limitations. Both the 51,169 patient [39] and 5137 patient
[41] studies include patients with all subtypes of GA; addi-
tionally, the studies include patients of all ages. It is possible
then that an association between malignancy and general-
ized GA in older patients is hidden by cases of localized
GA that may not be associated with malignancy. Addition-
ally, the studies do not exclude drug-induced cases of GA,
further occulting a possible association between frank GA
and malignancy.

The 2019 Spanish study [42], although limited to cases
of generalized GA, neither stratifies patients by age nor
excludes cases of iatrogenic GA. Considering that malignan-
cies are less frequent occurrences to begin with (compared
with DM and hyperlipidemia), the lack of a stringent inclu-
sion and exclusion criteria in studies investigating an asso-
ciation between GA and malignancy leaves this putative link
to be still subject to dispute. A study limited to older (i.e.
>60 years) patients with frank generalized GA may provide
more rigorous results to settle this debate.

5.2.3 GA and Infectious Triggers

Unfortunately, there is a paucity of large-scale studies that
investigate the role of infectious agents in triggering GA,
although previously both viral and bacterial triggers have
been suggested. A 2018 study of 73 biopsies of skin lesions
from GA patients discovered Borrelia DNA to be present in
9.6% of biopsies and Chlamydiales DNA to be present in
72.6% of biopsies. However, eight of the patients positive
for Chlamydiales DNA were treated with doxycycline for

9 months, but none responded, and only 28.6% of patients
positive for Borrelia DNA responded to appropriate antibi-
otic therapy. Thus, the study authors assert that Borrelia and
Chlamydiales do not unilaterally induce GA; rather, they
suggest that Borrelia and Chlamydiales are triggers, which,
together with other factors, set-up GA pathogenesis [43].

GA in the setting of viral infections has also been noted,
with Epstein—Barr virus [44], human immunodeficiency
virus [21], and varicella zoster virus (VZV) [45, 46] being
recently reported. Two cases of GA triggered by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) have
also been described [47, 48].

5.3 latrogenic GA

In January 2021, Shah et al. reviewed granulomatous cuta-
neous drug eruptions and identified a number of iatrogenic
causes of GA: allopurinol, amlodipine, anti-TNFa agents
(infliximab, adalimumab, etanercept, and thalidomide),
botulinum toxin, dabrafenib, desensitization injections,
immune checkpoint inhibitors, intranasal calcitonin, gold,
immunizations (hepatitis B and anti-tetanus vaccination),
levetiracetam, paroxetine, pegylated IFNa, secukinumab,
tocilizumab, topiramate, and vemurafenib [49]. More
recently, acetazolamide [50], apremilast [51], ixekizumab
[52], mesotherapy [53], phototherapy [54], and measles,
mumps, and rubella (MMR) [55], pneumococcal [56], and
VZV [57] immunizations have also been implicated in insti-
gating GA. The pathogenesis of drug-induced GA is not eas-
ily understood, and the induction of GA by anti-TNFa agents
and apremilast in particular is paradoxical, as both TNFa
inhibitors and apremilast have also been reported as effec-
tive therapies for GA. Instigation of GA by IL-17 inhibitors
(ixekizumab and secukinumab) is also intriguing, as Min
et al. reported hyperactivation of the Th17 axis in GA. We
attempt to explain these paradoxical observations in Sect. 8
of the manuscript. We summarize the recent updates on GA
epidemiology and etiopathogenesis in Table 2.

6 Review of Management Options
6.1 Topical and Intralesional Corticosteroids

Topical and intralesional corticosteroids are considered first-
line therapies for GA and can induce partial or complete
GA regression in some patients, although several cases of
GA remain recalcitrant to corticosteroid treatment [8, 10].
Recent single-center retrospective studies of GA treatments
further seem to suggest that corticosteroids may have effi-
cacy in the management of GA in some but not all patients.
In a retrospective of study of 133 GA patients, 17 of the 55
patients treated with topical triamcinolone and 10 of the 25
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patients treated with intralesional triamcinolone experienced
improvement [58]. Another retrospective study of 49 gen-
eralized GA patients showed similar response rates, with
topical corticosteroid treatment leading to stable disease in
46.6% of patients, partial remission in 19% of patients, com-
plete remission in 10.3% of patients, and disease progression
in 8.6% of patients. In the same study, of five other patients
treated with intralesional triamcinolone, two achieved par-
tial remission and three achieved total remission [59]. A
2021 retrospective study investigated the efficacy of topical
corticosteroids alone, intralesional triamcinolone alone, and
combination topical and intralesional corticosteroid therapy.
All three treatment groups had similar response rates, with
partial resolution being seen in 21 (41%) patients treated
with topical corticosteroids alone, 7 (50%) patients treated
with intralesional triamcinolone alone, and 14 (48%) patients
treated with a combination of topical and intralesional cor-
ticosteroids. Complete resolution was achieved in 12 (24%)
patients treated with topical corticosteroids alone, 2 (14%)
patients treated with intralesional triamcinolone alone, and
8 (28%) patients treated with combination topical and intral-
esional corticosteroids [60]. A recent case series of patients
with patch type GA showed a slightly lower response rate to
corticosteroids, with 5 of the 20 patients treated with topical
corticosteroids showing improvement [13].

Altogether, considering their modest efficacy, relative
safety, and low cost, corticosteroids remain viable first-line
therapies. However, GA refractory to corticosteroids is com-
mon, such that it may become necessary to resort to second-
line therapies.

6.2 Antimicrobials Revisited

Isolated case reports have shown antimicrobials to be effec-
tive in the management of GA, although larger retrospective
studies conducted more recently fail to establish their effi-
cacy. One case of generalized GA occurring in the setting
of interstitial lung disease was observed to resolve almost

completely in response to a 2-month course of doxycycline
100 mg twice daily [61]. A twice-daily regimen of amoxi-
cillin/clavulanic acid 875/125 mg was shown to result in
durable control of GA in another patient [62]. However, in
a retrospective study of 133 GA patients, of whom eight
were treated with minocycline, seven with doxycycline, two
with ofloxacin, and two with rifampin, only two of the seven
patients treated with doxycycline showed improvement [58].
In another retrospective study of 127 GA patients, only two
of the five patients treated with a daily cocktail of rifampin
(600 mg), minocycline (100 mg), and ofloxacin (400 mg)
responded: one experienced complete resolution and the
other experienced partial resolution [60]. As already men-
tioned, eight GA patients with confirmed positive biopsies
for Chlamydiales DNA did not respond to doxycycline, and
of the seven patients with confirmed positive biopsies for
Borrelia DNA, only two responded to a 9-month course of
antibiotic therapy [43].

Larger retrospective studies do suggest some efficacy for
dapsone. In a recent retrospective review of 26 generalized
GA patients treated with a median daily dose of dapsone
100 mg for a mean duration of 9.8 months, 54% experi-
enced regression of lesions. However, the remissions were
not durable in 57% of responders, who experienced lesion
relapse. In addition, subclinical myelosuppression was
observed in 31% of patients, warranting discontinuation
of treatment [63]. Two other case series reported similar
response rates to dapsone: three of seven patients treated
with dapsone experienced partial remission in the study by
Visconti et al. [60], and three of five patients treated with
dapsone showed improvement in the study by Rubin and
Rosenbach [58]. Given the concern for myelosuppression,
dapsone should be used cautiously, especially in immuno-
compromised at-risk individuals.

Table2 Summary of recent updates on GA epidemiology and etiopathogenesis

Common comorbidities

Diabetes; hyperlipidemia [39, 40]; hypothyroidism; ischemic heart disease [40]

Association of GA and solid organ [41] and hematological malignancy [39] remains controversial

Iatrogenic causes

For a comprehensive list, refer to the systematic review of granulomatous drug eruptions con-

ducted by Shah et al. in January 2021 [49]
More recently, acetazolamide [50], apremilast [51], ixekizumab [52], mesotherapy [53], photo-
therapy [54], and MMR [55], pneumococcal [56], and VZV [57] immunization have also been

reported
Infectious triggers

Bacterial: Borrelia and Chlamydiales [43]

Viral: EBV [44], HIV [21], SARS-CoV-2 [47, 48], and VZV [45, 46]

Overregulated pathways

Th1 and JAK-STAT [35, 36]. Th2, Th17, and Th22 axes have also been implicated [35]

EBV Epstein—Batr virus, GA granuloma annulare, H/V human immunodeficiency virus, JAK-STAT Janus kinase-signal transducer and activator
of transcription, MMR measles, mumps, rubella, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, Th T-helper, VZV varicella zos-

ter virus
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6.3 Antimalarials Revisited

A 2019 review pooling together the reported cases of anti-
malarial treatment for GA showed that 25 of 35 patients
treated with HCQ, and all of the 12 patients treated with
chloroquine, experienced improvement, with an overall
response rate of 79.6% [64]. Since the publication of this
review, additional reports have emerged that are more mixed.
Megna et al. reported complete clearance of disseminated
GA in one patient with an 8-week course of HCQ 200 mg
twice daily [65], and Xu et al. reported a pediatric patient
who experienced complete remission of disseminated GA
after 6 months of treatment with HCQ 25 mg once daily
[66]. In a retrospective review by Nordmann et al., of the five
patients who were treated with HCQ, one patient achieved
complete clearance, two achieved partial clearance, and one
showed stable disease [59]. However, in the retrospective
review conducted by Rubin and Rosenbach, only five of the
12 patients who were treated with HCQ showed improve-
ment [58]. A recent retrospective review of 26 GA patients
treated with a median daily dosage of HCQ 400 mg for a
mean duration of 10 months showed an even poorer response
rate, with only 35% of patients improving with treatment
[67]. The poor response reported to HCQ in more recent
studies is unfortunate, as HCQ is a cheap and generally well-
tolerated drug.

6.4 Apremilast

Apremilast is a phosphodiesterase-4 inhibitor that has been
licensed for the treatment of psoriasis, psoriatic arthritis, and
oral ulcers associated with Behcet’s disease [68]. Several
recent case reports recommend further investigation of apre-
milast in the management of GA. Blum and Altman reported
the first two cases of GA treated with apremilast: one patient
experienced durable improvement in erythema and indura-
tion of lesions in 3 months and the other patient had near
complete remission of lesions at 4 months [69]. Bishnoi
et al. then reported a case series of four GA patients treated
with apremilast, three of whom experienced a reduction in
lesion number and one patient who experienced decreased
erythema and pruritus; in all four patients, response to apre-
milast was seen within 6-8 weeks of initiating treatment
[70]. Joshi and Tschen reported an additional case where
apremilast led to near total resolution of lesions in seven
months [71]. Most recently, Hansel et al. reported two
patients who also experienced marked improvement of their
GA within 8 weeks of treatment [72]. Notably, all patients
treated with apremilast for their GA tolerated the medication
well. Only two patients in the case series by Bishnoi et al.
reported myalgia and mild gastrointestinal symptoms, which
were managed with treatment [70].

While the current reported cases are compelling, a para-
doxical case of GA induction after starting apremilast ther-
apy for psoriasis has also been reported [51]. Clearly, further
randomized studies are needed to evaluate the safety and
efficacy of apremilast in the management of GA.

6.5 Biologic Therapies Revisited

In 2019, Chen et al. reviewed the role of biologic therapies
in the treatment of chronic GA. Based on their pooled analy-
sis, TNFa inhibitors in particular show some promise: 14
of 16 patients treated with adalimumab, one of five patients
treated with etanercept, and all three patients treated with
infliximab experienced improvement. One patient treated
with combination adalimumab and infliximab also expe-
rienced improvement [73]. More recently, three separate
cases of GA responsive to adalimumab [51], etanercept [74],
and infliximab [75] have been added to the literature. The
most recent report on infliximab is particularly interesting.
The authors also investigated the molecular milieu of the
GA lesion microenvironment. They observed expansion of
CD183* cells in GA that was blunted by infliximab treat-
ment [75]. Thus, downregulation of CD183" cells could
explain the role of infliximab in GA. However, this is likely
only one piece of the puzzle, as infliximab, along with adali-
mumab and etanercept, have also been reported to paradoxi-
cally induce GA [49]. Knowledge of the association between
anti-TNFa agents and GA, then, still remains incomplete
and further molecular studies are needed to elucidate this
relationship. Altogether, TNFo inhibitors may show efficacy
in some GA patients, although patients should be monitored
for paradoxical GA exacerbation.

Recently, Song reported that dupilumab, an IL-4 and
IL-13 inhibitor, could successfully control GA [76], and also
reported that tildrakizumab, an IL-23 inhibitor, was actually
ineffective in the management of GA in another patient [77].

6.6 Methotrexate

Two retrospective studies suggest methotrexate to be a prom-
ising second-line therapy for GA. In a study of 15 patients
treated with a median weekly dose of methotrexate 10 mg
for a mean duration of 11 months, 60% of patients responded
to treatment [78]. Another study of 11 patients reported a
similar response rate: 64% of patients witnessed improve-
ment, of whom 43% achieved complete clearance and 57%
achieved partial clearance. While the majority of patients
tolerated methotrexate well, two patients experienced gas-
trointestinal adverse effects and hair loss that warranted
treatment cessation [79]. Additionally, one patient in the
retrospective review by Rubin and Rosenbach was treated
with methotrexate, and responded to treatment [58]. Given
its immunomodulatory function and low cost, methotrexate
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may be considered a second-line therapy for GA, although
continuous monitoring for adverse effects (e.g. myelosup-
pression) is crucial.

6.7 Pentoxifylline Revisited

Pentoxifylline is a methylxanthine derivative that has anti-
inflammatory properties, although its mechanism of immu-
nomodulation is not fully understood [80]. Recent studies
suggest that pentoxifylline may be a viable therapy for the
management of GA in some patients. In a three-patient
case series, all patients treated with pentoxifylline wit-
nessed complete clearance of their GA lesions; however,
two patients experienced GA flare-ups: one was managed
by transiently increasing pentoxifylline dosage and the other
was managed with intralesional corticosteroids [81]. In the
127-patient retrospective study conducted by Visconti et al.,
of the 27 patients treated with pentoxifylline 400 mg thrice
daily, 56% experienced partial remissions and 15% experi-
enced complete resolution [60]. Indeed, while the response
rate to pentoxifylline was high, not all patients experienced
improvement and it is likely that pentoxifylline may not be
efficacious in all patients. Both patients treated with pentoxi-
fylline in the retrospective review by Rubin and Rosenbach
experienced lesion persistence [58]. Nevertheless, pentoxi-
fylline, like HCQ, is a cheap and relatively well tolerated
small molecule that may merit further study in randomized
controlled trials.

6.8 Phototherapy Revisited

In their 2018 review, Wang and Khachemoune identified
phototherapy to be the most well-studied and efficacious
management option for GA [8]. Recent studies lend further
support to the efficacy of phototherapy, yet not all patients
treated with phototherapy respond robustly and some fail to
respond altogether.

Of all the phototherapy modalities, photodynamic (PD)
therapy seems to be supported by the most evidence [8]. A
2020 retrospective review of 13 GA patients treated with
a mean of three PD therapy sessions adds to this evidence
base. In all patients, methyl aminolevulinate or aminole-
vulinic acid was applied for 3 h, illuminated with LED
635 nm with a fluence of 37 J/cm>. Seven patients expe-
rienced complete regression of their GA and four patients
experienced partial improvement. PD treatment was well
tolerated in all patients, with only two experiencing slight
hyperpigmentation [82].

Ultraviolet A1 (UVAL) also appears to be an effective
phototherapy modality. In a retrospective review of nine
patch GA patients, Aichelburg et al. reported four patients
to be treated with UVA1 phototherapy, of whom two expe-
rienced complete remission while the other two experienced
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partial remissions [83]. In another case series of five GA
patients treated with UVAL, two experienced complete clear-
ance, two experienced partial clearance, and one patient did
not respond to treatment [84]. In the retrospective study by
Nordmann et al., of the 20 patients receiving UVAL1 therapy,
three experienced full remission, six achieved partial remis-
sion, seven had stable disease, and one experienced disease
progression [59].

Narrowband UVB (NB-UVB) also appears promising.
In the retrospective review by Aichelburg et al., of the two
individuals treated with NB-UVB, one achieved complete
regression of GA while the other achieved partial regression
[83]. Another case of patch GA showing excellent response
to NB-UVB has been reported [13]. Furthermore, two recent
isolated case reports demonstrate the efficacy of NB-UVB
in the management of generalized GA [85, 86]. However, in
the study by Visconti et al., a low response rate to NB-UVB
therapy was observed, with only one of the four patients
treated experiencing partial resolution [60]. A similarly low
response rate was observed by Nordmann et al.: of the eight
patients treated with NB-UVB, none achieved full remission,
three showed partial clearance, four had stable disease, and
one patient had disease progression [59].

Aichelburg et al. reported oral psoralen plus UVA
(PUVA) to be effective in all three patients who were treated
[83]. Moreover, of the 11 patients treated with PUVA in the
study by Nordmann et al., three patients experienced com-
plete remission, four experienced partial remission, three
had stable disease, and one experienced disease progression
[59].

In the study by Rubin and Rosenbach, four of the eight
patients treated with phototherapy responded. Unfortunately,
the investigators did not specify the phototherapy subtype
used [58].

Altogether, phototherapy continues to appear as an effec-
tive option for some patients. Considering its relative safety
profile and moderate efficacy, phototherapy is a reasonable
second-line treatment for GA. However, it may be worth
noting that phototherapy is expensive and may not be an
affordable option for all patients. Additionally, phototherapy
use has declined in recent years in favor of targeted therapies
[87, 88]. Thus, despite its evidence base, phototherapy may
not be as practical as oral therapies.

6.9 Tofacitinib

Tofacitinib is a JAK inhibitor that is quickly gaining popu-
larity in dermatology for a wide range of applications, and
has shown some off-label efficacy in inflammatory condi-
tions such as alopecia areata, atopic dermatitis, psoriasis,
and vitiligo [89]. In a case series of five GA patients treated
with oral tofacitinib, three patients experienced complete
involution of lesions while two others experienced marked
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improvement [36]. An additional case of GA responding
to oral tofacitinib was recently reported by Damsky et al.
[90]. The report by Damsky et al. is particularly interest-
ing because the investigators also characterize the molecu-
lar changes induced by tofacitinib treatment. Of note, they
report a reduction in not only the cytokines involved in the
JAK-STAT pathway but also a reduction in non-JAK-STAT
pathway-dependent cytokines, such as TNFa. The investiga-
tors therefore propose that JAK-STAT pathway dysregula-
tion may be the proximal pathogenic event that incites the
immune dysregulation that is observed in GA [90].

Two patients with near total resolution of their GA in
response to topical tofacitinib have also been described, sug-
gesting that the topical formulation of the drug may also
be efficacious [91, 92]. It is worth noting though that JAK-
STAT inhibitors are expensive and may not be covered by
insurance for off-label applications. Thus, JAK-STAT inhibi-
tors may need to be reserved as treatments of last resort.

6.10 Other Therapies

In addition to the therapies discussed above, a diverse
assortment of other therapies for GA have been reported,
highlighting the lack of an established paradigm of care for
GA. Sulphasalazine has shown a modicum of efficacy in the
management of GA. A retrospective study of 13 GA patients
treated with sulphasalazine found that 11 patients responded
to treatment. Sulphasalazine was generally well tolerated,
although three patients discontinued therapy due to adverse
effects (elevated liver function tests, gastrointestinal distress,
neutropenia, and xerostomia) [93].

Potassium iodide (KI) is another treatment that has been
suggested for GA, although recent studies yield disappoint-
ing results. An 11-patient retrospective study found that KI
led to improvement in only four patients [94]. Furthermore,
in the retrospective study by Nordmann et al., of the 12
patients treated with KI, none experienced complete reso-
lution, three experienced partial resolution, two had stable
disease, and two had GA progression [59].

The larger retrospective studies previously cited also
report small numbers of individual patients treated with a
myriad of other therapies. In the 133-patient retrospective
study by Rubin and Rosenbach, the following additional
therapies were reported: local radiation (with only one
patient being treated, who did show improvement), niaci-
namide (with neither of the two patients treated showing
improvement), oral isotretinoin (with one of the two patients
treated showing improvement), oral corticosteroid (with
three of the six patients treated showing improvement), tac-
rolimus cream (with one of the five patients treated showing
improvement), and zileuton (with none of the three patients
treated showing improvement) [58]. In the 127-patient retro-
spective study by Visconti et al., three patients were treated

with isotretinoin 20 mg twice daily, of whom only one
showed partial improvement; one patient was also treated
with cyclosporine 100 mg daily but did not show improve-
ment [60].

In 2018, a report of radial pulse therapy (a form of extra-
corporeal shock wave therapy) was found to improve GA
in one patient [95]. While novel, radial pulse therapy is
impractical for disseminated GA and no further reports have
emerged that validate its efficacy in localized GA.

Control of common comorbidities (diabetes and hyper-
lipidemia) may also be an indirect therapy for GA. Indeed,
both diabetes and hyperlipidemia have been associated with
T-cell dysregulation [96, 97] and control of these comorbidi-
ties may dampen overactive T-cell reactions that are central
to GA pathogenesis. In 2020, Patrun and HadZavdi¢ reported
a diabetic patient with disseminated GA who experienced
complete resolution of lesions after starting insulin treatment
[98]. Another GA patient with hyperglycemia and hyperlipi-
demia was reported to experience partial resolution of GA
after 2 months of treatment with atorvastatin, fenofibrate,
glimepiride, and metformin [99]. These case studies suggest
that management of comorbid diabetes and hyperlipidemia
may, in and of itself, be a therapeutic strategy to address
GA. We summarize the recently reported treatments for GA
in Table 3 and indicate the level of evidence for each thera-
peutic strategy.

7 Does Treatment Recapitulate
Pathogenesis?

Recent studies of successful and unsuccessful treatments for
GA, although limited by size and their observational nature,
nevertheless allow us to an opportunity to contemplate GA
pathogenesis vis-a-vis treatment. The moderate efficacy of
corticosteroids [58, 59, 81] and other anti-inflammatory
agents, such as dapsone [63], methotrexate [79], pentoxi-
fylline [81], and sulphasalazine [93], is consistent with the
long-established inflammatory nature of GA. However, not
all cases of GA are responsive to global anti-inflammatory
therapy, suggesting that the inflammation seen in GA exists
along a spectrum: milder and moderate GA can be controlled
by topical and intralesional corticosteroids, yet severe cases
remain recalcitrant to non-targeted immunosuppression.

The relative inefficacy of antimicrobials supports
the putative non-infectious etiology of GA [43, 58]. The
response to antimicrobials that is seen in some GA patients
is most likely due to the anti-inflammatory rather than bac-
tericidal activity of antimicrobials. The moderate response
seen to dapsone [63] and doxycycline [43, 58] supports
this hypothesis, as both dapsone and doxycycline also have
strong anti-inflammatory action.
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The excellent response of GA to anti-TNFa therapy seen
in several patients [S1, 73—75] supports recent studies that
implicate overactivation of the Th1 pathway in GA [35, 36].
Recent cases demonstrating response of GA to apremilast
[69-72] further indite Th1 axis dysregulation in GA, as apre-
milast also downregulates TNFa expression. The response
of GA to dupilumab, as reported by Song et al. [76] sug-
gests that the Th2 pathway may also be hyperactive in GA,
supporting the study by Min et al., which found a marked
increase in /L-4 mRNA expression in GA lesional skin com-
pared with non-lesional skin [35]. However, as the study by
Wang et al. did not show elevated IL-4 mRNA expression,
such an association is tenuous.

The regression of GA in response to oral [36, 90] and
topical [91, 92] tofacitinib is consistent with the studies by
Min et al. [35] and Wang et al. [36], both of which identify
JAK-STAT pathway dysregulation in GA. Furthermore, as
previously discussed, JAK-STAT pathway upregulation may
be the initial event driving GA pathogenesis [90]; thus, JAK
inhibitors may represent targeted upstream therapies for GA.

A recent case of GA unresponsive to tildrakizumab [77],
an IL-23 inhibitor, is somewhat inconsistent with the study
by Min et al., which demonstrated Th17 axis upregulation
in GA [35]. Nonetheless, the inefficacy of Th17 blockade
may not be entirely incongruent with the study by Min et al.
Indeed, while Min et al. observed Th17 pathway upregula-
tion, they also reported Th1 and Th2 pathway hyperactiva-
tion [35]. We speculate that perhaps the Th1 and Th2 path-
ways are the major axes that incite GA, whereas the Th17
pathway, although upregulated, is not the major culprit in
GA pathogenesis. Thus, perhaps a Th17 blockade alone is
insufficient to induce GA regression. Perhaps, a randomized
study involving biologics targeting the Th1, Th2, and Th17
axes may not only help establish an evidence-based biologic
therapy for GA but may also help in the ascertainment of
GA pathogenesis

GA induced by IL-17 and TNF« inhibitors [49] is more
difficult to explain and defies our current understanding of
GA pathogenesis; however, we can attempt an explanation
by considering the relationship between the Th1 and Th17
arms of the immune system. Studies of autoimmunity in
mice have shown that ablating either axis causes an upregu-
lation of the other [100], leading us to speculate that in some
patients, Th1 blockade causes pronounced upregulation of
the Th17 axis, and vice versa.

Perhaps upregulation of the other axis is overcompensat-
ing, inducing GA. Nevertheless, this explanation is inad-
equate to explain the report of apremilast-induced GA [51],
as apremilast suppresses both IL-17 and TNFa production.
Clearly, GA pathogenesis is not amenable to simple explana-
tion and further studies are needed to better understand the
immunology underpinning GA.
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Table 3 Review of recently reported treatments for GA, and their cor-
responding level of evidence

Treatment Level of References
evidence

Antimicrobials

Amoxicillin/clavulanic acid D [62]

Dapsone C [58, 60, 63]

Doxycycline D [43, 58]

Minocycline + ofloxacin + D [58]

rifampin

Apremilast D [69-72]
Biologic agents

Adalimumab D [51]

Etanercept D [74]

Infliximab D [75]

Dupilumab D [76]
Control of comorbidities

Diabetes control D [98]

Hyperlipidemia control D [99]
Corticosteroids

Intralesional corticosteroids C [58-60]

Intralesional + topical corticos- C [60]

teroids

Oral corticosteroid D [58]

Topical corticosteroids C [58-60]
Hydroxychloroquine C [58, 59, 65-67]
Local radiation D [58]
Methotrexate C [58, 78, 79]
Oral isotretinoin D [58]
Pentoxifylline C [60]
Phototherapy

NB-UVB C [13, 59, 60, 83, 85, 86]

Photodynamic therapy B [82]

PUVA C [59, 83]

UVAL C [59, 83, 84]
Potassium iodide D [59]
Radial Pulse therapy D [95]
Sulphasalazine C [93]
Tacrolimus D [58]
Tofacitinib D [36, 90-92]

B lesser quality randomized controlled trial or prospective study,
C case-control study or retrospective study, D case series or case
reports, GA granuloma annulare, NB-UVB narrow-band ultraviolet B,
PUVA psoralen plus ultraviolet A, UVAI ultraviolet Al

8 Risk-of-Bias Assessment

Among the 36 studies we reviewed using the Tool for evalu-
ating the methodological quality of case reports and case
series [9], five studies were graded a score of 3, six studies
a score of 4, 21 studies a score of 5, and four studies a score
of 6, out of a best possible score of 8 points.
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9 Review Limitations

We acknowledge our review to be subject to important limi-
tations. Notably, the quality of studies we reviewed limits
the strength of our findings: of the 36 studies reviewed, none
had a score of 7 or 8, and 89% had scores < 5/8. More spe-
cifically, only one of the studies reporting response to GA
treatment adequately ruled out the possibility of spontane-
ous GA remission. Indeed, spontaneous resolution of GA
has been reported in almost 2% of GA patients [58]; thus, it
is possible that some of the reports we reviewed represent
instances of spontaneous GA remission rather than bona fide
responses to treatment. Moreover, only two studies reported
a dose-response effect to treatment and only one described
a challenge/rechallenge phenomenon. Altogether then, the
reviewed studies were weakest in the ‘causality’ domain
defined by Murad and colleagues [9], suggesting that the
presented therapeutic options are supported largely by cor-
relation but not causation. Additionally, while the majority
(81%) of the studies we reviewed employed a satisfactory
inclusion criterion (i.e. biopsy-proven GA), some studies
did not specify the precise inclusion criteria while others
included GA patients diagnosed only by clinical examina-
tion. As previously discussed, histopathological analysis is
crucial for establishing a definitive GA diagnosis, since GA
can mimic (and be mimicked by) a host of other conditions.
Thus, some of the cases included in our review may not be
GA but rather other dermatologic entities masquerading as
GA.

Our review is also limited by our methodology of study
selection. As we only included published studies, publica-
tion bias represents a significant limitation of our review. As
a consequence, ostensibly efficacious treatments may merely
be a reflection of the overrepresentation of positive outcomes
in the literature rather than their true therapeutic potential.
While the larger retrospective studies we include in this
review partially offset this bias, we also include a number of
case reports and case series of 10 or fewer patients that limit
our conclusions. Selection bias is an additional limitation of
our review, as we excluded studies not published in English.

Furthermore, while we strived to report dosage and
treatment duration whenever possible, some studies did not
report this information, rendering comparison of studies dif-
ficult. Finally, the lack of a ubiquitously utilized scale to
measure GA severity resulted in heterogeneity in the man-
ner in which response rates to treatment were reported (e.g.
differing definitions of ‘partial’ and ‘complete’ resolution
across studies), precluding a direct side-by-side comparison
of each treatment option. Although a GA Investigator Global
Assessment (IGA) was designed by Min and Lebwohl in
2016 [101], none of the studies we reviewed employed this
scale in evaluating the response of GA to treatment.

10 Conclusions

In the past couple of years, new literature has been published
on the topic of GA and we have gained a better understand-
ing of GA epidemiology; recent studies have also helped
further elucidate its pathogenesis by identifying Th1, JAK-
STAT, and perhaps also Th2 pathway dysregulation in GA
lesional skin. The long-debated association between GA and
DM now seems to be established, while the link between GA
and malignancy remains controversial. New bacterial and
viral triggers have also been reported, although it remains
unlikely that they unilaterally induce GA. A number of
reports of iatrogenic GA have also been recently added to the
literature, although the pathogenesis of these drug eruptions
eludes facile explanation, as there is some overlap between
the drugs that induce GA and the drugs that treat it.

In regard to therapy, several case reports, case series, and
observational studies have emerged that present compelling
response to certain treatments, although the significance of
their findings remains limited. Large retrospective studies
seem to support the efficacy of topical and intralesional cor-
ticosteroids in some but not all patients. For GA refractory
to corticosteroids, other therapies may need to be utilized.
Phototherapy remains the most well-studied option, but
recent reports emphasize that not all patients undergoing
phototherapy respond. Furthermore, financial and logistical
considerations remain barriers to accessing this treatment
modality. Dapsone, HCQ, methotrexate, pentoxifylline, and
sulphasalazine are cheaper, orally available therapies that
have been reported to be of some efficacy in larger retro-
spective studies and may also be considered viable second-
line therapies for GA. Targeted immunomodulators, such
as apremilast and tofacitinib, and biologic therapies (such
as TNFa inhibitors and dupilumab) may also be indicated
off-label in GA, although the evidence base for these thera-
pies is limited to isolated case reports and small case series.
Management of common comorbidities (e.g. diabetes and
hyperlipidemia) may also be adjunctive.

Considering the findings of our review, we propose a ther-
apeutic ladder for the management of GA, with the first rung
being topical and intralesional corticosteroids. If patients do
not respond to corticosteroids, therapy can be escalated to
the second rung, i.e. dapsone, HCQ, methotrexate, pentoxi-
fylline, and sulphasalazine. If GA still remains recalcitrant
to treatment, then phototherapy and targeted immunomodu-
lators, such as apremilast and tofacitinib, or biologic thera-
pies (adalimumab, dupilumab, etanercept, and infliximab)
may be considered. Finally, it is worth emphasizing that GA
(commonly the localized variant but only rarely the dissemi-
nated variant) is a self-limited disease and can resolve of its
own accord. Thus, in patients who do not desire treatment of
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lesions for cosmetic reasons, simple reassurance regarding
the benign nature of GA may suffice.

Now more than a century has passed since Dr. Colcott-
Fox described a ‘ringed eruption of the fingers’ [1], yet the
precise etiopathogenesis and treatment of GA remains defi-
antly elusive. Current literature on GA treatment is limited to
observational studies; there remains a paucity of randomized
controlled trials, and a gold standard for GA treatment is
yet to be identified. Further studies on some of the therapies
we have reviewed may be warranted so that evidence-based
therapies for GA can be established.
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