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regardé¢ passer du statut « co-interne » a « cheffe » avec brio.

Charlotte, Anne, Cassandre,

La meilleure promo imaginable de boutonnologues. Je suis extrémement reconnaissante de
vous avoir a mes cOtés pour ’internat et j’espere que ces belles amitiés dureront de longues
années afin de continuer a construire de beaux souvenirs ensemble.

Juliette, je sais que sans toi mon internat aurait été totalement différent. Tes talents
d’organisatrice nous ont fait passer un semestre inoubliable a Orléans et de supers moments par
la suite sur Tours avec de belles amitiés a la clé. Un immense merci.

Marc-Antoine, Thibault, Sofiane, Emeline, une équipe de choc pour débuter I’internat. Je ne
pouvais pas réver mieux, je n’oublierai jamais ce semestre a Orléans a vos coOtés qui s’est par
la suite transformé en de belles amitiés.

Alexandre, Adrien, vous m’avez prouvé que les internes d’ortho représentent a merveille les
clichés qui les définissent...un semestre riche en fou rire avec un mois supplémentaire en prime
(merci le covid)! Un grand merci pour votre aide notamment en début de semestre dans ma vie
de pseudo chirurgienne débutante et pour ce merveilleux semestre a vos cotés.

Sarah, une des plus belles rencontres de mon internat. Un merveilleux semestre a Orléans a la
coloc avec toi et Charlotte. Que de beaux souvenirs, je suis fiere de t’avoir comme amie.
Camille, Alice, Stéphanie, Diane, Jordan et Antoine : de trés bons semestres passés a vos

cOtés au CHU.
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La traquenard team (Juliette, Margaux, Thibault, Camille, Nicolas, Cassandre, Thomas,
Jessica, Marc-Antoine, Charlotte), c’est grice a ces merveilleuses rencontres que mon
internat est unique. Tant de bons moments passés ensemble et tant de bons moments a venir,
j’ai hate ! Simplement un grand merci a vous pour ce que vous étes.

Justine et Charlotte, mes plus vieilles amies de médecine. Toujours 1a dans les bons et les
mauvais moments, je suis fiere de notre petit trio qui nous a amené 1a ou nous sommes

aujourd’hui (vive nos sous-colles du dimanche soir a Angers !).

Aux Choletais,

Lulu et Elo, tant de bons moments passés ensemble sur des plateaux de compétition et en
dehors. Je sais que je pourrai toujours vous compter parmi mes amies les plus proches.
Mathieu, Pierre-Emmanuel, déja plus de dix ans d’amiti¢ derriére nous et tant de bons
souvenirs partagés et a venir. Merci pour votre soutien pendant toutes ces années.

Alexandra, un grand merci pour avoir été 1a tout au long de mes études et m’avoir soutenue
dans les moments difficiles. Je sais que je pourrai toujours compter sur toi et je t’en suis
extrémement reconnaissante, je ne sais pas ce que je ferai sans toi. Martin, merci a toi aussi

pour ton soutien et tes blagues qui ont su me redonner le sourire notamment en 1ére année.

A mes grands-péres, j’aurai aim¢ que vous partagiez ce moment a mes cotés, j’espere que vous
&tes fiers, tout la-haut.

A mes grands-méres, vous représentez a mes yeux un exemple de force et de courage que
j’essaie de suivre tous les jours.

A mon parrain et ma marraine, pour m’avoir toujours soutenue au cours de mes études et

depuis toute petite.
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Alex, Mathieu, Arnaud, Amandine, merci pour votre soutien pendant ces nombreux week-
ends de révision a Cholet et votre bonne humeur. Je suis heureuse de vous avoir dans ma vie.
A Francoise, merci également a toi qui a dii endurer ma mauvaise humeur pendant de

nombreux week-end de révision.

A mes parents,

Si je suis 1a aujourd’hui, c’est grace a vous, a votre soutien et aux valeurs que vous m’avez
transmises. Je ne vous remercierai jamais assez. Je vous aime tres fort.

A mes fréres et sceurs, Max, Popo et Arthur, merci pour votre bonne humeur, votre
compréhension et votre soutien au cours des innombrables week-ends de révision des dernicres
années. J’ai tellement de chance de vous avoir tous les 3.

A Thomas, un immense merci pour ta patience et ton soutien dés le premier jour, je sais que
rien n’aurait été pareil sans toi. Je suis tellement heureuse de t’avoir a mes co6tés et je sais que

je suis extrémement chanceuse, je t’aime tellement.

12



Table des matiéres

I- INTRODUCTION GENERALRE.........ovovtestestessessessessessssssssssssessssssessessessessessesssssssassassens 14
II- RESUME EN FRANCALIS .....ouevrerenrressessessessessessessesssssssssssssessssessssessessessessssssssssassassens 19
II- ARTICLE SCIENTIFIQUE EN ANGLAIS .....cevrestestneressessssessssssessssssssessessessasssssses 20
IV- CONCLUSION GENERALE........ccotevvestesressessessessessssssssssssssssssessessessessessesssssssassassens 65

13



I- INTRODUCTION GENERALE

Le granulome annulaire (GA) est une dermatose inflammatoire bénigne d’étiologie inconnue
qui se manifeste classiquement par des papules rosées ou de couleur peau normale avec une
disposition annulaire. Les localisations privilégiées sont les extrémités distales avec une atteinte
prédominante du dos des mains et des pieds (1). Thomas Colcott Fox fut le premier a décrire
cette pathologique en 1895 en tant que « ringed eruption » (2) que I’on peut traduire par
« éruption en anneau ». En 1902, Radcliffe Crocker renomma cette pathologie « granulome
annulaire » (GA) (3). Le diagnostic est clinique ; la biopsie cutanée est réalisée uniquement
dans les formes atypiques. L’examen histologique, lorsqu’il est réalisé¢, montre une réaction
inflammatoire, essentiellement histiocytaire, avec une organisation palissadique autour de
foyers d’altérations du tissu conjonctif (4). Quatre principales formes de cette pathologie ont
été décrites : le GA localisé (Figure), sous-cutané, généralisé et perforant (5). Il existe d’autres
sous-types de GA moins fréquents dont la forme papuleuse ombiliquée. La forme localisée est
prépondérante représentant 75% des cas décrits avec une tendance a la rémission spontanée
dans les deux années suivant le diagnostic (6—8). La forme sous-cutanée touche avec
prédilection la population infantile (5) ; elle atteint les extrémités, comme la forme localisée,
mais peut également atteindre le scalp. A D'inverse, la forme généralisée est faiblement
représentée dans la population pédiatrique puisque 80% de la population atteinte est agée de
plus de 50 ans (9). Cette forme est définie par la présence de plus de dix lésions bien que
d’autres définitions soient parfois retrouvées dans la littérature (10). La forme perforante est la
moins fréquente et partage les mémes caractéristiques cliniques que la forme papuleuse
ombiliquée.

Cette pathologie affecte habituellement les jeunes adultes et les enfants, avec une
prédominance féminine dans la population générale (sex-ratio femme:homme de 2:1) (6,11).

Le GA est habituellement asymptomatique bien que certains patients décrivent parfois un prurit
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ou une sensibilité en regard de la région atteinte (12). Les principaux diagnostics différentiels
a évoquer devant une forme localisée sont les dermatophyties, I’eczéma annulaire et I’érythéme
annulaire centrifuge. Pour les formes sous-cutanées, une origine tumorale sera éliminée (5).

L’étiologie du GA reste inconnue. L’apparition de granulome annulaire a été décrite au
décours d’infections, de vaccins et de traumatismes (7). Des associations, comme le diabéte,
les pathologies malignes et les dysthyroidies ont également été rapportées (13).

La prise en charge du GA n’est pas codifiée. La régression est le plus souvent spontanée

: dans les formes localisées, 50% des cas se résolvent dans les deux années suivant le diagnostic.
Une régression de la Iésion apres biopsie a été rapportée dans plusieurs cas (14). Une abstention
thérapeutique est habituellement proposée en 1° intention (7). En cas de persistance des lésions
ou de géne esthétique, les traitements les plus utilisés sont les dermocorticoides locaux ou
intralésionnels (12). Les formes généralisées représentent cependant parfois un challenge
thérapeutique avec de nombreux traitements rapportés dans la littérature, avec I’utilisation
principalement d’antipaludéens de synthése et de la PUVA thérapie mais également d’autres
thérapies comme la dapsone, la corticothérapie orale ou les rétinoides systémiques (13).
A notre connaissance, aucune revue de la littérature sur le granulome annulaire chez 1’enfant
n’a été réalisée. Le travail de cette thése a donc porté sur une revue systématique de la littérature
incluant tous les articles publiés jusqu’en janvier 2021 sur le granulome annulaire dans la
population pédiatrique, définie de 0 a 18 ans.

Les objectifs de cette revue systématique de la littérature étaient d’étudier les
manifestations cliniques, de décrire les facteurs déclenchants et les comorbidités associées et
enfin, de décrire les thérapeutiques rapportées et I’évolution du granulome annulaire dans la
population pédiatrique. Apres un enregistrement du protocole de la revue de la littérature sur
Prospero (registre international des revues systématiques), nous avons mené ce travail de

janvier a juin 2021. Les résultats seront présentés aux Journées Dermatologiques de Paris en
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2022. L’article sera soumis pour publication au Journal of the American Academy of

Dermatology (Impact factor 11,527).

Figure : Fillette de 7 ans présentant des lésions de granulome annulaire localisé sur la jambe

droite (Fig. 1A) et sur la cheville gauche (Fig. 1B) (Collection Pr Lorette)
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II- RESUME EN FRANCAIS

Introduction — Le granulome annulaire (GA) est une dermatose inflammatoire affectant
principalement I’enfant. L’étiologie du GA reste inconnue et la prise en charge thérapeutique
nécessite d’étre clarifiée.

Objectif — L’objectif de cette étude était de décrire les caractéristiques cliniques, la prise en
charge thérapeutique et I’évolution du granulome annulaire dans la population pédiatrique.
Méthodes — La recherche documentaire a été faite en janvier 2021. FEtait éligible toute
publication avec un diagnostic de granulome annulaire dans la population pédiatrique (patients
agés de 0 a 18 ans).

Résultats — La recherche initiale a identifié 2440 articles ; pour 371 d’entre eux le texte intégral
a été¢ analysé. Nous avons finalement inclus 202 publications (836 patients) : 165 cas cliniques
et 37 séries de cas. L’age moyen était de 5,7 ans (£ 3,8) avec un ratio F:H de 1,3. Les formes
localisées (n=384, 46,8%) et sous-cutanées (n=353,43,0%) étaient les plus fréquentes. La
principale localisation du GA était les membres inférieurs (47,9% soit 272/568 patients). Les
facteurs de risque présumés les plus fréquents étaient les traumatismes locaux. Vingt-deux
patients (2,6%) étaient atteints d’un diabéte. Un taux élevé de rémission spontanée était observé
(91,1%,n=163/179) avec un délai médian de 9 mois. Différents traitements ont été utilisés mais
on observait principalement ’utilisation de la chirurgie et des dermocorticoides. Une récidive
était observée dans 38,0% des cas (161/441 patients) quel que soit la stratégie thérapeutique.
Limites — Un nombre limité de données individuelles étaient disponibles pour certaines larges
séries de cas.

Conclusion — Une régression spontanée est fréquemment observée dans le GA pédiatrique avec
cependant un taux de récidive ¢élevé. Par conséquent, les traitements invasifs ne devraient pas

étre recommandés en 1°° ligne dans les GA asymptomatiques.
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ABSTRACT

Background

Granuloma annulare (GA) is a relatively common skin disorder occurring predominantly in
children. Its etiology and optimal treatment need to be clarified.

Objective

This systematic review aimed to determine the clinical manifestations, management and
outcomes of pediatric GA.

Methods

We searched PubMed, LILACS and EMBASE databases from inception to January 2021 for
study reports of children (<18 years old) with a diagnosis of granuloma annulare.

Results

Among the 2440 reports screened, 202 were included (836 patients). The mean (SD) age was
5.7 (3.8) years and F:M ratio 1.3:1. Localized GA (n=384, 46.8%) and subcutaneous GA
(n=353,43.0%) were the most prevalent. The most affected site was lower limbs (n=272/568,
47.9%). Suspected triggering factors were mainly local trauma. Diabetes was associated in 22
(2.6%) patients. The rate of spontaneous remission was high (n=163/179, 91.1%), at a median
delay of 9 months. The most frequent therapies were surgery and topical corticosteroids.
Recurrence was observed in 38.0% (n=168/441) of patients, whatever the treatment.
Limitations

Publication bias, and only pooled data were reported in several case series.

Conclusion

Pediatric GA frequently spontaneously resolves with albeit a high recurrence rate. Hence, in

asymptomatic forms, invasive therapies are not recommended as first-line treatment.
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CAPSULE SUMMARY
e Granuloma annulare is a benign skin disorder of unknown etiology that affects children
in most cases. Clinical management is disparate and poorly codified.
e This review highlights that granuloma annulare is likely to self-resolve but with a high

recurrence rate. In asymptomatic cases, no therapy as first-line treatment is proposed.
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INTRODUCTION

Granuloma annulare (GA) is a benign inflammatory dermatosis of unknown etiology
characterized by the appearance of annular, flesh-colored grouped papules, mostly affecting the
extensor surfaces of lower and upper extremities (1,2). The diagnosis is usually based on
physical examination and can be confirmed by histopathology examination. Four common
variants of GA have been described: localized GA (LGA), subcutaneous GA (SGA),
generalized GA (GGA) and perforating GA (PGA). Papular umbilicated GA is an unusual and
rare variant (3). GA occurs in both adults and children but is mainly in infants (3).

The differential diagnoses for LGA or GGA include dermatophyte infection, annular elastolytic
giant cell granuloma, central annular erythema, annular lichen planus, nummular eczema,
sarcoidosis and secondary syphilis (4-7). SGA may be confused with rheumatoid nodules or
trauma and must be distinguished from a tumoral cause on biopsy (5,8). PGA may be
misdiagnosed as acquired perforating dermatoses, particularly perforating collagenosis,
pityriasis lichenoides, varioliforme acuta and molluscum contagiosum (3,7). Although the
pathogenesis of GA has not been entirely elucidated, several hypothesis based on histological
features have been proposed (4,9,10). Multiple studies support a mechanism of delayed
hypersensitivity reaction in which inflammatory cell activation leads to matrix degeneration
and collagen synthesis. The presence of activated T-helper cells in the inflammatory infiltrate
of GA corroborates this theory and implicates a cell-mediated immune response to various
triggering factors (4,11).

GA remains a poorly understood condition and data are lacking and need to be clarified. We
aimed to investigate the clinical manifestations, triggering factors, associated diseases and
management of pediatric GA by performing a systematic review of all previously published

cases in the scientific literature.
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METHODS

This systematic review adhered to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (PRISMA 2020) (Supplemental file 1) and was
registered in the PROSPERO database (registration no.: CRD42021225903).

Search strategy and information sources

We searched electronic databases, including MEDLINE via PubMed, Latin American and
Caribbean Health Sciences (LILACS) and EMBASE from inception to January 2021 using the
terms child*, children, infant or pediatric combined with granuloma annulare or granuloma
annular. We also searched the website ScienceDirect. Search terms were in English only, and
we had no restriction on the publication date of the papers.

Eligibility criteria

We included all original reports of patients < 18 years old with a diagnosis of GA and all
original reports describing any intervention, including topical or systemic drugs in these
patients. We excluded patients with an uncertain diagnosis. No restriction on language was
initially planned, but publications in non-Latin script languages were excluded-

Study selection strategy and data extraction

Two authors (M.A. and S.L.) independently selected studies on the basis of their title and
abstract and then examined the full texts of articles. Then, these two authors extracted the
following data: first author, publication year, characteristics of the study and the study patients,
triggers, comorbidities, number and localization of lesions, subtype of GA, investigation
(histology, blood test or radiology examinations), associated symptoms, number of patients
treated, treatment used, drug efficacy and side effects, time to spontaneous regression and
follow-up. Any disagreements in article selection or data extraction were resolved by discussion
with a third author (A.M.).

Statistical analyses
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Descriptive data are expressed as mean + standard deviation (SD) or median and interquartile
range (IQR) for quantitative data and number (%) for categorical data. Chi-square or Fisher
exact test was used to analyze categorical outcomes. Student ¢ test or Wilcoxon rank sum test
was used to analyze continuous outcomes. A two-sided p < 0.05 was considered statistically
significant. Statistical analyses were performed with R 4.0.2 (R Foundation for Statistical

Computing, Vienna, Austria). No methods were used to handle missing data.

RESULTS

Characteristics of included reports

Our search strategy yielded 2440 studies; 371 articles underwent full-text review and 202
publications (836 children) met the inclusion criteria (Figure 1). Studies were published
between 1957 and 2020: 37 reports were case series and 165 case reports. There were no trials
or cohort studies. Populations ranged from 3 to 190, with a median of 5 (IQR 5.0-17.0).
Characteristics of included patients

Characteristics of included patients are in Table I. The mean (SD) age was 5.7 (3.8) years and
336 (42.6%) were boys (F:M ratio 1:3). All types of GA were represented, with most being
LGA in 384/821 (46.8%) patients and SGA in 353/821 (43.0%). Lesions were single in 284/747
(38.0%) patients and were mostly on lower limbs (n=272/568, 47.9%). Pain was reported in 30
(3.6%) patients and pruritus in 19 (2.3%).

Diabetes was reported in 22 (2.6%) patients: GA occurred before the diabetes diagnosis in 6
patients (median time 12 weeks, range 3-312); GA occurred at the same time as the diabetes
diagnosis in 1 patient and after the diagnosis in 7 patients (median time 261 weeks, range 4-
417). Among the 22 patients with diabetes, only 5 were asymptomatic and had diabetes

diagnosed by blood screening; 7 patients were symptomatic (weakness, headaches, weight loss,
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polydipsia or polyuria) and the remaining patients had a history of diabetes without data on
associated symptoms. Atopy was noted in 40 (4.8%) patients.

The most prevalent triggering factors were local trauma (n=29, 3.5%) and infections (n=22,
2.6%). Infections were diverse: viral infections in 7 patients (including Epstein-Barr virus,
mononucleosis, rubella and varicella); upper respiratory-tract infection (n=7); gastroenteritis,
streptococcal pharyngitis, impetigo (n=2 each); and latent tuberculosis, oral candidosis, otitis
and isolated fever (n=1 each). Among the 15 patients with a vaccination trigger, 10 had a bacille
Calmette-Guerin vaccination preceding the GA. Two cases of congenital GA were reported.
Characteristics of included patients by age

Table II shows the characteristics of patients according by age group: infants < age 3 years,
children 3 to 11 years old and adolescents > 12 years old. Subcutaneous GA was more prevalent
in infants than others (n=50/71, 70.4%; p=0.025). In contrast, LGA was predominant in children
(n=64/230, 27.8%) and adolescents (n=14/40, 35.0%, p=0.046). In all subgroups, the lower
limb was the most frequent localization. Scalp involvement was more common in infants than
others (n=21/71, 29.6%; p<0.001), whereas hand involvement was more frequent in children
than others (n=57/228, 25.0%; p=0.029). Pain was reported more for adolescents than others
(n=8/40, 20.0%, p = 0.005), but pruritus was present more in children (n=18/232, 7.8%,
p=0.038). We observed a predominance of trauma (n=9/71, 12.7%) and infection (n=8/71,
11.3%) as triggering factors in infants versus children and adolescents. The age groups did not
differ in comorbidities.

Characteristics of included patients by GA subtype

Characteristics of patients by GA subtype are in Table III. Children with LGA were older than
those with GGA or SGA (mean age 7.5 vs 5.4 and 5.8 years, respectively, p=0.005). Females

were predominant in SGA, with 61.5% girls (n=169/275; p=0.026). The most frequent
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localization in LGA was lower limbs (n= 64/146, 43.8%) and foot (n=51/146, 34.9%).
Involvement of scalp was exclusively reported for SGA.

Pain was almost exclusively described in SGA (n=25/322, 7.8%, p=0.002) whereas pruritus
was more frequent in GGA than other types (n=6/47, 12.8%, p < 0.001). Vaccination (n=8/47,
17.0%), and infection (n=5/47, 10.6%) were the main triggering factors in GGA (p <0.05).
Family history of GA was reported more in LGA than other types (n=21/151, 10.5%; p<0.001).

The subtypes did not differ in comorbidities.

Diagnosis and management

For diagnosis, the most frequent examination was a skin sample for pathology examination,
obtained in 493 (59.0%) patients. Routine laboratory investigations were conducted to find
associated diseases in 326 (39.0%) patients. Data on treatments were available for 464 patients
(missing data or no extractable data for 372 patients) (Figure 2 and Supplemental file 2).
Treatment was initiated in 264/464 (56.9%) patients and no treatment was chosen for 200/464
(43.1%). Treatments observed in this review were predominantly surgery (n=139) and topical
corticosteroids (n=81). Associations of treatments were used for only a few patients (n=7) and
are described in Figure 2 and Supplemental file 2. The efficacy of therapies is represented in
Figure 2a. Resolution outcomes of these treatments by GA subtype are in Figure 2b, 2¢ and
2d.

Evolution

Complete spontaneous remission was achieved in 141/179 (78.8%) patients at a median of 9
months (IQR 3.0-12.0; data available for 111 patients), and partial spontaneous remission in
22/179 (12.3%) (Table I). GA regressed after skin biopsy in 54/200 (27.0%) patients at a
median of 1.4 months (IQR 0.9-3.0; data available for 24 patients). For the 264 patients with
treatment, 198 (84.3%) showed complete resolution and 25 (10.6%) partial regression; 12

(5.1%) did not achieve resolution (n=29 patients with missing data for regression after
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treatment). Recurrence regardless of the treatment received occurred in 168/441 (38.0%)
patients at a median of 12 months (IQR 4.4-12.0; data available for 80 patients). Recurrence
was more frequent in SGA than LGA and GGA (46.3% vs 24.0 and 20.0, p<0.001) (Table III).
Risk of bias assessment

No randomized controlled trial was included, so we could not perform a meta-analysis. Given

that only case series and case reports were included, risk of bias was not assessed.

DISCUSSION

Key results

To our knowledge, this is the first systematic review of pediatric GA. The most common form
was LGA, followed by SGA. Almost all children were asymptomatic; however, pruritus was
reported more frequently with GGA than other types and pain with SGA than other types. Most
of the patients for whom no treatment was chosen as first-line therapy showed spontaneous
remission at a median delay of 9 months. When a therapeutic approach was chosen, surgery
and topical corticosteroids were the first-line treatments. Regardless of therapeutic approach,
recurrence occurred in 38% of patients.

Interpretation

Most of our results were consistent with the literature. In adults, GA occurs with a female
predominance (F:M ratio 2:1) (10), whereas in children, Rapelanoro-Rabenja et al. reported a
sex ratio of F/M of 1.3, which is close to our findings (12). LGA is usually more frequent in
adults than children (75% reported by Cyr ef al.) (13), whereas in the present review, LGA
(46.8%) and SGA (43.0%) were the two most-reported subtypes.

Several associations have been reported for the development of GA in the literature (14).
Diabetes, dyslipidemia, malignancies, local trauma, systemic infections, vaccination and

thyroid disease are the most commonly reported associated conditions (9). Prevalence of
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comorbidities was very low in our study. No case of dyslipidemia was reported. Over the
decades, the association of GA and diabetes mellitus has remained controversial (15,16). Kidd
et al. suggested that glucose tolerance might be low in GA and that insulin resistance might
exist (17). The latest studies suggested an association of GGA and diabetes in adults (11,18)
but in children, small series failed to demonstrate homogenous results regarding a possible
association. In our review, diabetes mellitus was observed in only 2.6% of patients and
diagnosed with blood screening in only 5 in a cohort of 836 patients. Most diabetic children
had a diagnosis based on typical symptoms (polyuria, polydipsia, weight loss) or already had
diabetes at the time of GA.

In our review, a triggering factor was described for 12.9% of children; we found an association
between previous infection, vaccination (mostly bacille Calmette-Guerin vaccination) or sun
exposure with the onset of GGA. However, bites and stings were predominantly associated with
LGA.

Although GA can be diagnosed clinically, histology was performed for most patients (59.0%),
which may be related to publication bias. However, for SGA, a biopsy could be performed,
mainly to rule out malignancy. As we observed in this review, treatment options vary. Evolution
of the disease is unpredictable but mostly benign (19,20). Although the high rate of spontaneous
remission we observed must be related to a publication bias (absence of spontaneous regression
not described), therapy should be considered only in case of discomfort or symptoms.

We observed rapid resolution of GA after skin biopsy in almost one third of patients, which
could suggest a cause-and-effect relation between GA resolution and skin biopsy as previously
reported (21,22). Levin et al. suggested that biopsy or minor trauma could trigger resolution of
GA by initiating a turnover of matrix proteins, neovascularization and wound healing (21).
Moreover, regardless of the therapeutic approach, recurrence occurred in almost 40% of cases,

which was higher than previously reported (12,23). Lastly, recurrence was more frequent in
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SGA than LGA and GGA. Therefore, invasive treatments such as surgery are not
recommended, especially in the pediatric population. Management for the generalized form of
GA can be more challenging because lesions are less likely to self-resolve and can be resistant
to treatment (10,24). In this review, phototherapy, antimalarial drugs, disulone, contrast-pulsed-
laser, and vitamin E were effective in small series and well tolerated, which is mainly consistent
with data regarding GGA treatments in adults (24). The possible benefits of these treatments
must be balanced with their side effects. Topical treatments were often prescribed, but their
efficacy was poor.

Limitations

Owing to the low prevalence of pediatric GA, one limitation of this review is that all the
included studies were case series and case reports. No randomized controlled trial was included,
so we could not perform a meta-analysis. Publication bias is another limitation because only
published articles were evaluated. Some large case series presented only pooled data and did
not allow for extracting individual data.

CONCLUSIONS

From this systematic review of pediatric GA, we suggest obtaining a blood glucose profile only
in patients with symptoms suggesting diabetes or those with risk factors (family history of
diabetes or personal history of obesity/hypertension). For asymptomatic GA, no treatment
should be proposed. Treatment should be considered for symptomatic patients and can include
surgery for LGA and SGA or systemic treatments for GGA. Patients and parents should be

informed of the risk of recurrence, especially with SGA.
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ABBREVIATIONS

GA, granuloma annulare

GGA, generalized granuloma annulare
LGA, localized granuloma annulare
PGA, perforating granuloma annulare

SGA, subcutaneous granuloma annulare
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TABLES

Table 1. Characteristics of patients with granuloma annulare (GA) (N=836)

\ Missing data \

Demographic characteristics

Mean age, years (SD) 303 5.7(3.8)
Sex (male), n (%) 48 336 (42.6)
Clinical features
Single GA lesion, n (%) 89 284 (38.0)
Clinical presentation™®, n (%) 15
Localized 384 (46.8)
Generalized 69 (8.4)
Perforating 14 (1.7)
Subcutaneous 353 (43.0)
Papular umbilicated 15 (1.8)
Lesion location*, n (%) 268
Scalp 76 (13.4)
Visage 57 (10.0)
Upper limb 110 (194)
Hand 116 (20.4)
Lower limb 272 (47.9)
Feet 131 (23.1)
Trunk 51(9.0)
Genital area/buttock 27 (4.8)
Symptoms, n (%)
Pain* 30 (3.6)
Pruritus* 19 (2.3)
Triggert, n (%) 108 (12.9)
Trauma 29 (3.5)
Bites and stings 18 (2.2)
Vaccines 15 (1.8)
Infection 22 (2.6)
Sun exposure 14 (1.7)
Other** 11(1.3)
Family history of GA, n (%) 29 3.5
Comorbidities, n (%)
Diabetes 22 (2.6)
Thyroid disease 3(0.36)
Uveitis 5(0.60)
Immunodepression™®** 3(0.36)
Atopy 40 (4.8)
Investigations
Diagnostic testing*, n (%)
Histology 493 (59.0)
Echography 354.2)
Radiography 109 (13.0)
MRI/CT 48 (5.7)
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Laboratory investigations, n (%)

| 326 (39.0)

Evolution

Regression after biopsy®, n (%) 155 54 (27.0)
Complete 46 (23.0)
Partial 8 (4.0)

Spontaneous resolution®, n (%) 21 163 (91.1)
Complete 141 (78.8)
Partial 22 (12.3)

Recurrence (with or without treatment), n (%) 395 168 (38.0)

*A4 patient may have several characteristics

**Stressful events for 9 patients and treatment with vitamin D or acetazolamide for 2 patients
**% One patient with chronic myelogenous leukemia, one with IgG immunodeficiency and one

with IgA-1gG2 deficiency

7 One patient had 2 triggers reported

% 355 patients with histology performed
A 200 patients with no treatment
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Table II. Characteristics of patients by age

NR | Infants NR | Children NR | Adolescents | p value
<3 years 3-11 years >12 years
N=T71) (N =1232) (N =40)
Demographic characteristics
Sex (male), n (%) [0 ]34(47.9) (1 97420 [0 [15(37.5) 1 0.530
Clinical features
Single GA lesion, n (%) 2 22 (31.9) 10 60 (27.0) 2 12 (31.6) 0.671
Clinical presentation*, n 0 0
(%)
Localized 11 (15.5) 64 (27.8) 14 (35.0) 0.046
Generalized 10 (14.1) 31 (13.5) 2 (5.0) 0.301
Perforating 1(1.4) 13 (5.7) 0(0.0) 0.173
Subcutaneous 50 (70.4) 121 (52.6) 23 (57.5) 0.025
Papular umbilicated 0 (0.0) 13 (5.7) 2 (5.0) 0.076
Lesion location*, n (%) 0 4 2
Scalp 21 (29.6) 26 (11.4) 1(2.6) <0.001
Visage 9 (12.7) 40 (17.5) 5(13.2) 0.545
Upper limb 18 (25.4) 55 (24.1) 6 (15.8) 0.486
Hand 8 (11.3) 57 (25.0) 5(13.2) 0.021
Lower limb 34 (47.9) 112 (49.1) 17 (44.7) 0.878
Feet 8 (11.3) 56 (24.6) 10 (26.3) 0.057
Trunk 15 (21.1) 30 (13.2) 1(2.6) 0.026
Genital area/buttock 2 (2.8) 19 (8.3) 5(13.2) 0.113
Symptoms, n (%)
Pain* 3(4.2) 12 (5.2) 8 (20.0) 0.005
Pruritus* 1(1.4) 18 (7.8) 0 (0.0) 0.038
Trigger, n (%)
Traumatic 9(12.7) 93.9) 1(2.5) 0.020
Bites and stings 3(4.2) 8(3.4) 0(0.0) 0.573
Vaccine 6 (8.4) 834 1(2.5) 0.198
Infection 8 (11.3) 6 (2.6) 2 (5.0) 0.009
Sun exposure 0(0.0) 3(1.3) 0(0.0) -
Other 0 (0.0) 2(0.9) 0 (0.0) -
Family history of GA, n (%) 1(1.4) 18 (7.8) 3(7.5) 0.123
Comorbidities, n (%)
Diabetes 2 (2.8) 12 (5.2) 2 (5.0) 0.726
Thyroid disease 0 (0.0) 3(1.3) 0(0.0) -
Uveitis 0 (0.0) 4 (1.7) 1(2.5) -
Immunodepression 0 (0.0) 3(1.3) 0 (0.0) -
Atopy 4 (5.6) 93.9) 3.5 0.445
Evolution
Spontaneous resolution**, n | 3 18 (81.8) 12 68 (90.7) 2 5(83.3) 0.310
(%0)
Complete 14 53 5
Partial 4 15 0
Recurrence (with or without | 39 | 19 (59.4) 161 |43 (60.6) 15 | 11 (44.0) 0.068
treatment), n (%)
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Data are for 343 patients because of missing data on age for 303 patients and no
individualizable data for 190 patients.

*A4 patient may have several characteristics

**For 25,87 and 8 patients, respectively, with no treatment
NR: not reported
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Table II1. Characteristics of patients by granuloma annulare (GA) subtype

Characteristics NR | Localized | NR | Generalized | NR | Subcutaneous | p value
GA GA GA
(N=151) (N=47) (N=322)
Mean age, years (SD) 72 7.5(4.0) |6 5.4 (3.6) 140 | 5.8(4.3) 0.005
Sex (male), n (%) 0 75(49.7) |1 25 (54.3) 47 106 (38.5) 0.026
Lesion location*®, n (%) 5 8 1
Scalp 0 (0.0) 0 (0.0) 76 (23.5) <0.001
Visage 534 8 (20.5) 36 (11.2) <0.001
Upper limb 18 (12.3) 26 (66.7) 45 (14.0) <0.001
Hand 47 (32.2) 9(23.1) 33(10.3) <0.001
Lower limb 64 (43.8) 32 (82.1) 140 (43.6) <0.001
Feet 51 (34.9) 4(10.3) 53 (16.5) <0.001
Trunk 9(6.2) 27 (69.2) 6 (1.9) <0.001
Genital 7 (4.8) 9(23.1) 11 (3.4) <0.001
area/buttock
Symptoms, n (%)
Pain* 2 (1.3) 0 (0.0) 25(7.8) 0.002
Pruritus* 2 (1.3) 6 (12.8) 1(0.3) <0.001
Trigger, n (%)
Traumatic 2 (1.3) 0 (0.0) 12 (3.7) 0.263
Bites and stings 4(2.6) 1(2.1) 2 (0.6) -
Vaccine 3(2.0) 8 (17.0) 2 (0.6) <0.001
Infection 1(0.7) 5 (10.6) 8 (2.5) 0.005
Sun exposure 0(0.0) 2 (4.3) 0(0.0) -
Other 0 (0.0) 0 (0.0) 2 (0.6) -
Family history of GA, n 21 (10.5) 0 (0.0) 4(1.2) <0.001
(%)
Comorbidities, n (%)
Diabetes 8 (5.3) 2 (4.3) 8(2.9) 0.226
Thyroid disease 2 (1.3) 1(2.1) 0 (0.0) -
Uveitis 2 (1.3) 0 (0.0) 1(0.3) -
Immunodepression 0 (0.0) 1(2.1) 2 (0.6) -
Atopy 2 (1.3) 1(2.1) 10 (3.1) 0.514
Spontaneous resolution**, | 8 85(94.4) |1 10 (90.9) 11 50 (87.7) 0.278
n (%)
Complete 79 10 37
Partial 6 0 13
Recurrence (with or 51 24 (24.0) |22 |5(20.0) 78 113 (46.3) <0.001

without treatment), n (%)

Data are for 520 patients because of missing data on clinical presentation (15 patients),

patients with papular umbilicated and perforating form (25 patients), multiple types of GA
(12 patients) and no individualizable data for 264 patients.
*4 patient may have several characteristics
** 98, 12 and 68 patients, respectively, with no treatment

NR: not reported
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FIGURES LEGEND

Figure 1. Flow chart of included reports

Identification

Records identified from:
MEDLINE (n = 313)

EMBASE (n = 495)

SCIENCE DIRECT (n = 1325)
LILACS (n = 307)
COCHRANE (n =0)

(n = 2440)

A 4

Screening

Records screened
(n=1539)

Records removed before
screening
Duplicate records removed
(n=901)

Reports sought for retrieval
(n=451)

A 4

Records excluded
(n=1088)

\ 4

Reports assessed for eligibility
(n=371)

Reports not retrieved

(n =80)
General review (n = 28)
Adults (n = 26)
Other condition (n = 21)
Systematic review (n = 4)
Book chapter (n = 1)

Included

Studies included in review
(n=202)

Reports excluded

(n=169)
No extractable data for
analysis (n = 64)
Other condition (n = 36)
Adults (n = 33)
General review (n = 17)
Foreign language (n = 16)
Duplicata (n = 2)
Comment (n = 1)
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Figure 2.
For each treatment, resolution

outcomes (complete efficacy,

partial, none or worsening)

and  missing  data  are

represented in percentage

(a) Therapies for pediatric granuloma annulare

(b) Therapies for generalized granuloma annulare
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Supplemental file 2. Therapies for granuloma annulare

Treated Resolution outcomes
patients
Number of Number of Complete | Partial | None | Worsening
patients (number | patients with
of studies) available data
on outcomes
Surgery 139 (38) 138 138 0 0 -
Topical treatment
Corticosteroids 81 (47) 57 19 11 27 0
Calcineurin inhibitors 7(5) 6 1 0 5 0
Vitamin E 1(1) 1 1 0 0 0
Imiquimod 2(2) 2 1 0 0 1
Physical treatment
Cryotherapy 10 (6) 6 2 2 0
Laser 5(12) 1 1 0 0 0
Intralesional corticosteroids | 10 (7) 10 5 4 1 0
Systemic treatment
Corticosteroids 6 (6) 6 2 1 3 0
Phototherapy 505 4 1 0 0
Anti malarial agents 14 (8) 14 10 1 3 0
Vitamin E 1(1) 0 0 0
Dapsone 54) 1 0 0
Associations of treatment
Topical corticosteroids | 1 (1) 1 1 0 0 0
and corticosteroids
Topical corticosteroids | 2 (2) 2 1 1 0 0
and topical tacrolimus
Surgery and 2(2) 2 1 1 0 0
intralesional
corticosteroids
Topical corticosteroids | 1 (1) 1 0 0 1 0
and oral vitamin E
Topical corticosteroids, | 1 (1) 1 1 0 0 0
topical tacrolimus and
anti malarial agents

Data for treatment were available for 464 patients (missing data or not extractable for 372
patients). Abstention for 200 and treatment for 264 patients.
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IV- CONCLUSION GENERALE

La revue systématique que nous avons menée permet d’étudier les manifestations
cliniques, les comorbidités associées, I’évolution et la prise en charge du granulome annulaire
dans la population pédiatrique.

La majorité¢ des cas ainsi inclus était des formes asymptomatiques. Les examens
complémentaires tels que 1I’imagerie et I’examen histologique peuvent étre utiles en cas de
Iésion atypique, notamment pour éliminer une origine tumorale dans le granulome annulaire
sous-cutané. Trés peu de comorbidités ont été décrites dans notre revue de la littérature : le
diabete était la principale comorbidité chez 2,6% des enfants. La plupart des enfants atteints de
diabéte ont été diagnostiqués devant des symptdmes typiques (pollakiurie, polydipsie ou perte
de poids) ou avaient déja un antécédent de diabete lors de I’apparition du granulome annulaire.
En s’appuyant sur ces données, une glycémie de dépistage devrait étre réalisée seulement en
cas de symptomes évocateurs ou de facteurs de risque (antécédents familiaux de diabéte ou
antécédents personnels d'obésité/hypertension).

Concernant la prise en charge thérapeutique, plus d’un tiers des patients de notre étude
¢taient en abstention thérapeutique. Chez ces patients, une rémission spontanée des 1ésions était
observée. L’abstention thérapeutique associée a une réassurance des parents doit étre la
stratégie thérapeutique privilégiée, notamment pour les formes localisées. Des traitements
invasifs, tel que la chirurgie, ne devraient pas étre recommandés dans la population infantile.
En ce qui concerne la forme généralisée du granulome annulaire, les options thérapeutiques
incluaient la photothérapie, la disulone et les antipaludéens de synthése et devraient étre

proposées en cas de 1ésions diffuses avec géne et/ou symptomes rapportés par 1’enfant.
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¢tant la chirurgie (139/464 patients, soit 30,0%) et des dermocorticoides (81/464 patients,
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de 12 mois.
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