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Abstract

Objectives: The objective of this study was to confirm the presence of different disease phenotypes of paediatric SAPHO syndrome (pSAPHO)
based on their skin manifestations in a large cohort of ltalian patients.

Methods: Patients with pPSAPHO were enrolled in the Eurofever Registry and the data retrospectively analysed. The patients were categorized
according to their skin manifestations into an acne — hidradenitis suppurativa (Acne-HS) group and a palmoplantar pustulosis — psoriasis vulgaris
(PPP-PV) group and were compared with patients without skin manifestations (chronic non-bacterial osteomyelitis, CNO). Comparisons of fre-
quencies between groups were performed using the ;(2 test or the Fischer's exact test.

Results: A total of 54 pSAPHO patients with skin manifestations (35 Acne-HS, 19 PPP-PV) were enrolled and compared with 167 patients with
chronic recurrent multifocal osteomyelitis (CRMO). In the Acne-HS group, 82.9% were males, in the PPP-PV, 84.2% were females, while in the
chronic non-bacterial osteomyelitis (CNO) group, no gender differences were observed (P< 0.0001). The three groups differed significantly with
respect to age at disease onset: Acne-HS median 13.3 years, PPP-PV median 10.2 years, CNO median 9.5years (P=0.0001). An axial pattern
was more frequent in the Acne-HS (91.4%) group and the PPP-PV group (89.4%) compared with in the CNO group (46%) (P< 0.0001). Both the
Acne-HS (82.9%) and the PPP-PV (63.2%) groups required a biologic therapy more frequently than the CNO group (36.8%), but patients with
Acne-HS presented with a refractory skin disease requiring steroids and other lines of treatment, while PPP-PV responded well to biologics.
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Conclusion: Our data have identified two different phenotypes of pSAPHO based on skin manifestations, with different age of onset, gender,
and response to treatments. These two groups have peculiar clinical features that differ from those of the CNO group. A new classification

encompassing these phenotypes is warranted.

Graphical abstract
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Rheumatology key messages

¢ Two different skin phenotypes of SAPHO have been confirmed in a cohort of Italian patients.
* Acne-HS and PPP-PV define two phenotypes differing in age of onset, gender prevalences, and response to treatment.
¢ Early identification of the different disease phenotypes allows the clinical stratification of patients and a targeted therapeutic approach.

Introduction

SAPHO syndrome is a rare, chronic inflammatory disorder
characterized by osteoarticular and skin involvement. The cuta-
neous manifestations are very heterogeneous, ranging from the
more frequently reported palmoplantar pustulosis (PPP), psoria-
sis vulgaris (PV) and acne, to the rarer hidradenitis suppurativa
(HS), pyoderma gangrenosum (PG) and Sweet syndrome [1].
Skin lesions may precede, follow, or occur simultaneously with
the onset of the osteoarticular manifestations [2].

The hallmark of the osteoarticular involvement is a sterile
bone osteitis, which in adults involves the anterior chest-wall
(resulting in the scintigraphic ‘bull’s head sign’) and the axial skel-
eton. In one-third of patients, peripheral arthritis and enthesitis
can occur, and isolated sterile hyperostosis and osteitis have also
been reported [3]. In children, the osteoarticular involvement
takes the aspect of chronic recurrent multifocal osteomyelitis

(CRMO), also known as chronic non-bacterial osteomyelitis
(CNO). It typically involves the meta-epiphysis of the long bones,
together with the axial skeleton and in some cases the anterior
chest wall, especially the clavicle [4].

SAPHO syndrome is considered a rare disease, with a preva-
lence of 1:10 000 in adults. Disease onset is commonly between
the third and fifth decades [5], with a predilection for women
when the disease onset is before 30 years of age [2]. In children,
CNO has a reported prevalence of 0.4-1 per 100 000 [6, 7] and
a peak age of onset between 9 and 11 years, with a slight predi-
lection for females [8].

The pathogenesis of SAPHO and CNO still remains un-
known. Cutibacterium acnes has been proposed as a contribu-
tor to skin and bone inflammation, suggesting its role in the
activation of the NLRP3 inflammasome by suppressing FoxO1
[9]. This finding, alongside the elevation of pro-inflammatory
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cytokines such as IL-8, IL-18, TNFa, and IL-17 [10, 11], and
the similarity to monogenic autoinflammatory diseases charac-
terized by IL-1 elevation and marked skin and bone involve-
ment [Majeed syndrome [12, 13], deficiency of IL-1 receptor
antagonist (DIRA) [14], or pyogenic arthritis, pyoderma gangre-
nosum, and acne (PAPA) syndrome [15]], have supported the
classification of SAPHO and CNO within the spectrum of auto-
inflammatory diseases. Up till now, no genetic mutations have
been identified for CNO/SAPHO, and while studies on
PSTPIP2-mutated mice, which exhibit skin and bone abnormal-
ities, showed initial promise [16, 17], these findings have not
been corroborated in humans [18].

Despite the great clinical heterogeneity and pathogenic
background of the skin manifestations, both acne, PPP and
PV were incorporated into the entity ‘SAPHO syndrome’ in
1987, when it was first described by Chamot et al., due to
their common osteoarticular presentation [19]. Since its first
description, several diagnostic criteria have been proposed,
and the diagnosis of SAPHO is now based on the more recent
criteria proposed by Kahn et al. in 2003 [20]. These criteria
allow a diagnosis in the presence of an osteoarticular involve-
ment associated with either acne or PPP and PV, or an iso-
lated sterile hyperostosis/osteitis in adults or CNO in
children, or an osteoarticular involvement associated with
IBD. For children, CNO diagnostic criteria were proposed by
Jansson et al. in 2007 [21] and, more recently, in 2016 by the
Bristol group [22]. It is still debated whether SAPHO syn-
drome and CNO represent two different entities, or just two
different aspects of the same disease, according to the differ-
ent age at onset [23], seen that the Kahn’s criteria consider
the presence of CNO in children sufficient for the diagnosis
of SAPHO [20], and given that CNO can be associated with
the same skin manifestations reported in SAPHO [24, 25].

In our previous work on paediatric SAPHO, we
highlighted two different SAPHO phenotypes according to
their skin manifestations. One group, characterized by the
presence of acne and HS, associated with male gender and
disease onset at pubertal age, in whom skin manifestations
were the first symptom and the main treatment issue. The
other group characterized by female patients, with disease
onset at a younger age with osteoarticular manifestations,
and subsequent appearance of PPP and PV [26].

The aim of the present study was to confirm the existence of
these two different disease phenotypes of SAPHO syndrome, in
a large cohort of paediatric Italian patients, comparing them
with patients with CNO without skin manifestations.

Methods

This is a retrospective—prospective multicentric observational
study involving 13 Italian Centres of the Italian Pediatric
Rheumatology Society (ReumaPed). The patients were
recruited retrospectively and prospectively from December
2022 to December 2023.

The patients included in the study fulfilled Kahn’s diagnos-
tic criteria for SAPHO syndrome [20] and Jansson’s criteria
for CNO [21]. Only patients with disease onset before
18 years of age were considered. All patients were enrolled in
the Eurofever Registry, for which the main characteristics
have been previously described [27, 28]. The study was ap-
proved by the Ethical Review Board of Regione Liguria. All
patients gave their written consent for inclusion in the regis-
try and for publication.

3779

The demographic, clinical, radiological and therapeutic
characteristics of the enrolled SAPHO patients were retro-
spectively analysed. As described in our previous study [26],
SAPHO patients with skin involvement were categorized into
two groups according to their pattern of skin involvement: an
Acne-HS group, and a PPP-PV group. A control cohort com-
posed of SAPHO patients without skin involvement (there-
fore pure CNO patients), was provided by each centre (with
a proportion of at least three CNO patients to every SAPHO
patient). For the sake of clarity, in this work, we will use the
term SAPHO in relation to those patients with skin involve-
ment, and CNO in relation to those patients without skin
involvement.

The skin manifestations were evaluated at the time of the visit
by an experienced local dermatologist, or retrospectively by an
experienced dermatologist of the Istituto Giannina Gaslini
(GV), through the available photographic documentation.

Whenever available, data about genetic studies were collected.

Images of whole-body MRI at disease onset and during
follow-up were evaluated by an expert local radiologist.

Responses to the various treatments, obtained during the
patients’ follow-up visits, were also assessed. As in previous
studies [29, 30], response to treatment was classified as (i)
complete: clinical remission in therapy and normalization of
acute phase reactants; for bone response, a resolution of the
bone marrow oedema compared with the previous MRI
exam, (ii) partial: amelioration of the clinical and laboratory
parameters or need of additional treatments to achieve a
complete remission; for bone response, a reduction in the sig-
nal intensity and extension of the bone marrow oedema com-
pared with the previous MRI exam, (iii) absent: lack of
response and no changes or worsening of the signal intensity
or extension of the bone marrow oedema compared with the
previous MRI exam.

Statistical analysis

Descriptive statistics were performed, and categorical variables
were reported in terms of absolute frequencies and percentages;
quantitative variables were reported in terms of median values
and first and third quartiles (1st-3rd q), as the data distribution
was skewed. The analysis of the normality of the distribution
was performed by means of the Shapiro-Wilk test. Comparison
of frequencies was undertaken using the y* test or the Fisher’s
exact test (in the case of expected frequencies of <$5).
Comparison of quantitative variables in three different catego-
ries of patients was undertaken using the non-parametric
Analysis of Variance (Kruskal-Wallis test). Post-hoc compari-
sons were performed and the Bonferroni’s correction was ap-
plied; whenever the Bonferroni’s correction was present, the
statistical significance was indicated as Pp. Comparison of
quantitative variables in more than two (three or four) different
categories of patients was made by the non-parametric Analysis
of Variance (Kruskal-Wallis W test). All the statistical tests
were two-sided, and a P-value of <0.05 was considered statisti-
cally significant. The software ‘Stata‘® (release 17.0, College
Station, TX, USA) was used for all the univariate and bivari-
ate analyses.

Results

A total of 54 patients with SAPHO with different skin mani-
festations (35 Acne-HS and 19 PPP-PV) were enrolled and
compared with 167 CNO patients.
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Table 1. Description of the study patients

Caterina Matucci-Cerinic et al.

Acne-HS PPP-PV CNO P
[N=35] [N=19] [N=167]
n (%) n (%) n (%)
Male 29 (82.9%) 3(15.8%) 69 (41.3%) <0.0001?
Female 6(17.1%) 16 (84.2%) 98 (58.7%)
Median Median Median
(1st-3rd quartile) (1st-3rd quartile) (1st-3rd quartile)
Age at onset (years) 13.3 (12.0-14.9) 10.2 (9.0-12.0) 9.5 [n=166](7.0-11.4) 0.0001"
% Perzcentages iIl parentheses represent Column percentages.
& " test;
b Kruskal-Wallis test. Post-hoc analysis for the sex variable: Acne-HS vs PPP: Py =0.0001; Acne-HS vs CNO: Py =0.0001; PPP vs CNO: Py = 0.09.
Acne-HS: acne - hidradenitis suppurativa; CNO: chronic non-bacterial osteomyelitis; PPP-PV: palmo plantar pustolosis — psoriasis vulgaris.
Table 2. Symptoms at onset in the two SAPHO groups
Acne-HS PPP-PV P
[N=35] [N=19]
1 (%) n (%)
Symptoms at onset:
Skin involvement as first symptom 30 (85.7%) 3(15.8%) <0.0001?
Bone involvement as first symptom 2(5.7%) 15(78.9%)
Both skin and bone involvement as first symptoms 3(5.6%) 1(5.3%)
Median Median
(1st-3rd quartile) (1st-3rd quartile)
Age of onset of skin involvement (years) 13.3 (12.0-14.9) 11.0 (9.0-12.2) 0.0008"
Age of onset of bone involvement (years) 14.6 (13.5-15.5) 10.3 (9.0-12.0) <0.0001°

a

2 test;

> Mann-Whitney U test. Acne-HS: acne — hidradenitis suppurativa; PPP-PV: palmo plantar pustolosis — psoriasis vulgaris.

Demographic features

The overall median age of the entire study group at disease
onset was 10.1years (interquartile range 7.9-17.7). The
male:female ratio was 0.8. All patients were Caucasian.

Acne-HS group

In the Acne-HS group, 82.9% of patients (n=29/35) were
male. The disease onset was characterized by the appearance
of skin manifestations in 85.7% of patients (median age of
onset of Acne-HS =13.3, 1st-3rd q=12.0-14.9 years), fol-
lowed by the onset of the osteoarticular manifestations in the
following year (median age of onset of the osteoarticular
manifestations = 14.6 years, 1st-3rd q=13.5-15.5 years)
(Table 1). The bone manifestations preceded the appearance
of skin disease in 2 patients only, while in 3 patients the onset
was simultaneous (Table 2). One patient presented an associ-
ated IBD (ulcerative colitis), 1 patient Hashimoto thyroiditis,
and the 2 patients with HS had a BMI of >25. Ten patients
underwent a genetic analysis with a next-generation sequenc-
ing (NGS) panel for autoinflammatory diseases: no causative
mutations were detected.

PPP-PV group

In the PPP-PV group, 84.2% of patients (7 =16/19) were fe-
male, with a disease onset characterized by osteoarticular
manifestations in 78.9% of patients (median age of onset of
osteoarticular manifestations = 10.3 years, 1st-3rd q=9.0-
12 years), followed by the appearance of PPP-PV in the fol-
lowing months (median age of onset of PPP-PV =11 years,
1st-3rd q=9-12.2years). The skin manifestations preceded
the appearance of bone disease in only 3 patients, and were
simultaneous in 1 patient (Tables 1 and 2). One patient

presented with Hashimoto thyroiditis, but no IBD were
reported. Five patients underwent a genetic analysis with an
NGS panel for autoinflammatory diseases: no causative
mutations were detected.

CNO group

In the CNO group, 58.7% of patients were female, and the
median age at disease onset was 9.5 years (1st=3rd q="7.0-
11.4 years). One patient presented with a concomitant celiac
disease. Four patients underwent genetic analysis with an
NGS panel for autoinflammatory diseases: no causative
mutations were detected.

When comparing the three groups, the non-parametric
analysis of variance (Kruskal-Wallis test) demonstrated a sig-
nificant difference in terms of age at disease onset
(P=0.0001) (Table 1). The post-hoc analysis demonstrated
that the Acne-HS group had a disease onset at an older age,
when compared with both the PPP-PV (Pg=0.0001) and
CNO groups (Pg < 0.0001). However, a similar age at disease
onset was found between PPP-PV and CNO (Pg=0.08)
(Supplementary Fig. S1, available at Rheumatology online).

A statistically significant difference was found also in terms
of sex distribution between the three groups (P < 0.0001)
(Table 1): the post-hoc analysis showed a male predominance
in the Acne-HS group when compared with both the PPP-PV
and the CNO groups (Pg=0.0001). On the contrary, no sig-
nificant sex distribution was found between the PPP-PV and
CNO groups (P =0.09).

Skin manifestations

In the Acne-HS group, 94.2% (n=33) of the patients pre-
sented with acneiform eruptions (pustular, nodular, cystic,
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Figure 1. Bone involvement in the three groups of patients: Acne-HS: acne — hidradenitis suppurativa; PPP-PV: palmo plantar pustolosis — psoriasis
vulgaris; CNO chronic non-bacterial osteomyelytis. Pg: 4 test or Fisher's exact test (as appropriate) with Bonferroni's correction (three comparisons)

comedonic and ulcerative lesions), which in 3 cases were as-
sociated with HS, in 2 with HS and PG, while 2 patients pre-
sented isolated HS. In the PPP-PV group, 78.9% of the
patients (n=15) presented with PPP, associated with PV in 8
patients, while 4 presented with an isolated PV.

Osteoarticular manifestations

In Fig. 1, the frequency of the bone lesions in the three groups
is reported, while in Supplementary Tables S1 and S2, avail-
able at Rheumatology online, the details of the statistical
comparison between the groups, and the relative post-hoc
analysis are reported.

All patients underwent a total body MRI at disease onset
and follow-up, from which the bone response was evaluated.
Six CNO patients and 1 patient with Acne-HS presented with
a unifocal clavicle involvement, while all the other patients
presented with a multifocal disease. Involvement of the meta-
epiphysis of the long bones was observed in the majority of
patients in the three groups. Both Acne-HS and PPP-PV pre-
sented a more frequent axial involvement when compared
with presentations in the CNO group (91.4%, 89.4% and
46%, respectively, P <0.0001): sternum (48.6%), clavicle
(45.7%), SI joints (60%) and spine (68.6%) were more fre-
quently involved in the Acne-HS group, and the pelvis in the
PPP-PV group (68.4%) (Fig. 1, Supplementary Table S1,
available at Rbheumatology online). Specifically, the post-hoc
analysis comparing the three groups (Supplementary Table
S2, available at Rheumatology online) showed a statistically
significant sternal involvement in Acne-HS (48.6%) and PPP-
PV (36.8%) compared with CNO (8%) (Acne-HS vs CNO,
Py < 0.0001; PPP-PV s CNO, Py, < 0.01) (Fig. 1), and a sta-
tistically significant SI joint involvement in Acne-HS (60%)
and PPP-PV (36.8%) compared with CNO (3.6%) (Acne-HS
vs CNO and PPP-PV vs CNO, Py < 0.0001). Also, a differ-
ence between Acne-HS and CNO was found for clavicle in-
volvement (45.7 and 19.6%, respectively, Py<0.01) and
spinal involvement (68.6% and 31.9%, respectively,
Pp<0.0001); a difference between PPP-PV and CNO was
found for pelvic involvement (68.5% and 30.4%, respec-
tively, Py < 0.01). Of note, a more frequent mandible involve-
ment was found in the PPP-PV group when compared with
CNO (PPP-PV vs CNO Pp=0.038).

Therapeutic approach

The various therapies are reported in Fig. 2 and
Supplementary Tables S3-S6, available at Rheumatology on-
line, and the responses to treatments are reported in detail in
Supplementary Tables S7-S10, available at Rheumatology
online. The response to the principal biologics are shown
in Fig. 3.

Acne-HS group

In the Acne-HS group, NSAIDs were used in 51.4% of
patients to initially control the osteoarticular manifestations,
while 54.3% of patients were treated from the beginning
with systemic steroids to control the skin disease. Among
conventional DMARDs (cDMARDs), MTX and SSZ were
initially used in 8.6% and 22.9% of patients, respectively,
with a complete response in the bone manifestations in 33%
and 25% of patients, respectively, but a poor response in skin
manifestations (Supplementary Tables S7 and S9, available at
Rheumatology online). Bisphosphonates were added in 34%
(n=12), because of spinal involvement, with a good response
(66.7%). Skin manifestations were initially treated with anti-
biotics cycles (mainly tetracyclines), with a partial and short
response, and with isotretinoin, which was efficacious in 8 of
19 treated patients (Supplementary Table S9, available at
Rheumatology online). However, the skin manifestations
proved to be steroid dependent and refractory to cDMARDs,
requiring the addition of a biologic therapy in 82.9% of
patients. Of note, dapsone was tried in 2 patients, with a
complete cutaneous response in one, and a partial response in
the other. All biologics proved able to control the osteoarticu-
lar manifestations. However, among these, adalimumab
(ADA), alone or combined with MTX, and infliximab (IFX),
resulted the more efficacious treatments also on the skin dis-
ease (complete response in 40%, 50% and 60 %, respectively)
(Fig. 3). One patient (out of 5) presented with a complete cu-
taneous response to anakinra. Secukinumab, ustekinumab,
tofacitinib and apremilast were tried in a few patients with
poor results. When considering all the biologics together, it is
of note, however, that only 48.3% of these patients presented
a complete response to the treatment, frequently needing the
addition of steroids or a therapy cycling (Supplementary
Table S10, available at Rheumatology online).

920z AeN £z uo Josn unkiki Aq L262008/LLL€/9/¥9/2I01He/ABojojewNaY /W00 dno-oiwapede//:sdny Woly papeojumoq


https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keaf065#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keaf065#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keaf065#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keaf065#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keaf065#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keaf065#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keaf065#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keaf065#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keaf065#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keaf065#supplementary-data

3782

%
XEKK
100

80 i

60 | 543

40

20 H
0

31.630.9

22.9

= I
24
meX

21.1 29

57.9

Caterina Matucci-Cerinic et al.

HR KK

| Acne-HS
O PPP-PV
o0 CNO

48.5
38.8

29 5153 29

53
0,_|0 -00 .,_]0 -00

il |

CSs NSAIDs MIX + SSZ

SSZ

%

100
90
80
70
60
50
40

Bisphosphonates CSA

Colchicine Dapsone Apremilast Biologics

W Acne-HS
@ PPP-PV
o CNO

143 158 143

105 10.3

e B =.. =@ =f.
[1 /A - - -

343

30 263 286 263

20 d H 15.8

10 53 42 7 a3 5.4
p i [ [1 N (!

Etanercept + Adalimumab + Adalimumab Etanercept
MTX MTX
* P3 <0.05
** Pg < 0.01
**x Py < 0.001
*xxx P < 0.0001

Anakinra

Infliximab Tofacitinib Secuk. + MTX Ustek. + MTX

Figure 2. (A) Treatments in the three groups of patients and (B) biologic therapies in the three groups of patients: Acne-HS: acne - hidradenitis
suppurativa; PPP-PV: palmo plantar pustolosis — psoriasis vulgaris; Secuk: secukinumab; Ustek: ustekinumab; CNO: chronic non-bacterial osteomyelytis

PPP-PV group

In the PPP-PV group, NSAIDs were used as a first-line treat-
ment in 68.4% of patients, with a complete response in the
bone manifestations in 30.8% of the patients. An initial ste-
roid cycle was used in 47.4% when particularly inflamed.
None of these patients developed a steroid dependence. MTX
and SSZ were used in 21.1% and 31.6% of patients, respec-
tively, with only partial efficacy in the osteoarticular manifes-
tations treated with MTX, and a complete response in 33%
of the patients treated with SSZ. Bisphosphonates were added
in 57.9% of patients, with a complete response in 70%.
However, biologics were needed in 63% of patients to
completely control the disease. Among these, ADA and
ADA + MTX were more efficacious in the bone manifesta-
tions (40% and 60% complete response, respectively)
(Fig. 3). Skin involvement responded well to topical steroids
in general and to cDMARDs; in the most difficult cases, a
complete response was observed with the addition of biologic
therapy (ADA 80% response, ADA +MTX 100% response,
IFX 100% response) (Fig. 3).

CNO group

In the CNO group, NSAIDs represented the initial treatment in
83.6% of patients, and were able to control the disease in
33.3% of patients. The other patients were treated with MTX
(20.0%) and SSZ (30.9%), with a complete response in 48.5%
and 41.2% of patients, respectively. Also, bisphosphonates
were used in 48.5% of patients, with disease remission being
obtained in 73.1% of the treated patients (Supplementary Table
S7, available at Rheumatology online). Of the patients who pre-
sented with a partial response to the above-mentioned therapies,
38.8% were treated with biologics. Among these, ADA,
ADA +MTX, and etanercept+ MTX were all efficacious in
treating the bone manifestations (Supplementary Table S8,
available at Rheumatology online).

When comparing the response to treatments with the vari-
ous drugs between the three groups, no statistically signifi-
cant difference was found in the bone manifestations between
c¢cDMARD:s and biologics. Regarding the cutaneous manifes-
tations, steroids were more frequently used in the Acne-HS
group, but with better results in patients with PPP-PV, in
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whom a complete response was seen in 77.7% of patients; in
patients with Acne-HS, the response was mainly partial.
Also, while no significant differences were found between
patients with Acne-HS and those with PPP-PV in terms of cu-
taneous response to the single drugs, a significant difference
was found between the two groups in terms of response to
biologics: PPP-PV presented with a skin remission in 91.7%
of patients, while only 48.3% of patients with Acne-HS

(P=0.013) responded to a biologic (Supplementary Table
$10, available at Rheumatology online).

Discussion

In this paper, we describe a large cohort of paediatric SAPHO
patients, comparing patients with and without skin manifesta-
tions (CNO). The analysis of the clinical features has confirmed
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the presence of two different disease phenotypes among the
SAPHO patients with skin manifestations. Patients with Acne-
HS were typically male, with a disease onset in pubertal age
characterized by refractory skin manifestations needing the ad-
dition of steroids and biologic therapies. Conversely, patients
with PPP-PV were typically females, with an earlier onset char-
acterized by osteoarticular manifestations. This latter group had
a similar age of onset to the CNO cohort. Some distinctive fea-
tures of the groups with skin manifestations emerged. In fact,
long bones involvement was found in the majority of patients;
however, more prevalent axial involvement was present in both
Acne-HS and PPP-PV patients, when compared with CNO
patients. In addition, patients with skin manifestations had a
much greater need for biologics, when compared with CNO
patients. In the Acne-HS group, skin involvement was particu-
larly difficult to treat, with only a partial response to biologics;
for this reason, frequent steroid cycles were required. On the
other hand, all the PPP-PV patients who needed the addition of
a biologic drug presented with complete osteoarticular and cu-
taneous remission.

These features highlight the heterogeneity of the clinical
spectrum of SAPHO and also the difficulty in classifying
patients with this syndrome. In fact, the two reported skin
phenotypes showed evident differences in terms of clinical
manifestations, sex predilection and age of onset, sharing the
same osteoarticular manifestations as CNO, but with a prev-
alent axial involvement.

Therefore, our data indicate that CNO and the two
SAPHO phenotypes are part of the same spectrum of disor-
ders. In fact, all patients share a common clinical feature, os-
teitis, but the presence and the type of skin manifestations
may create different subsets with significantly different dis-
ease progression and response to treatments.

The prevalent axial involvement and the common presence
of osteitis, independent of skin manifestations, initially led
Chamot and Benhamou to group these conditions together un-
der the term SAPHO [19]. Moreover, the axial involvement
has, since the beginning, highlighted a possible link between
these conditions and the SpA group [31]. In fact, both diseases
are characterized by arthritis, enthesitis, axial involvement,
and association with psoriasis and IBD. Since then, whether to
categorize SAPHO as belonging to the SpA-related diseases or
as a single entity has remained unsolved. Interestingly, in a re-
cent survey by the Group for Research and Assessment of
Psoriasis and Psoriatic Arthritis (GRAPPA), SAPHO was clas-
sified as belonging to SpA by 48.7% of experts, as a subtype
of PsA by 19.2%, as a separate entity by 25.6%, and as a type
of reactive arthritis by 6.4% [32].

In our Acne-HS group, skin manifestations represented the
first symptom, with the appearance of osteoarticular manifes-
tations in the following year, thus recalling the behaviour of
reactive arthritis. In the context of patients with severe acne
or HS or PG with signs of systemic inflammation and com-
plaints of bone pain, we suggest, therefore, to perform a
whole-body MRI to rule out the development of SAPHO.

The presence of osteitis, axial involvement and skin manifes-
tations is also shared by another group of recently described
autoinflammatory multifactorial conditions, characterized by
the presence of acne, PG, and HS, variably associated with
musculoskeletal or gut involvement. These patients are
grouped under the term ‘PAPA spectrum disorders, recalling
their similarity with the monogenic PAPA syndrome [33]. This
group includes several dermatological syndromes, named
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according to their cutaneous and osteoarticular manifesta-
tions: PAPASH (Pyogenic Arthritis, PG, acne, HS), PsAPASH
(PsA, PG, acne, HS), PASS (PG, acne, HS, AS) and PASH (PG,
acne, HS) [33-35]. Thus, the Acne-HS SAPHO subgroup
could be assimilated into this group of autoinflammatory con-
ditions, in which, the appearance of the osteoarticular involve-
ment after the cutaneous manifestations recalls effectively the
behaviour of reactive arthritis.

In our work, patients with acne and HS were grouped to-
gether, because these two conditions are frequently seen in as-
sociation as part of the follicular occlusion syndrome, sharing
a common pathogenic mechanism related to the inflamma-
tory involvement of the pilo-sebaceous unit [36].

Interestingly, patients with skin involvement showed a particu-
lar sex distribution, Acne-HS patients being male and PPP-PV
mostly female, while in CNO no particular sex differences were
found. These differences have been shown in previous research in
children by Wu et al. and by our group, and in adults by Li ez al.
[26, 37, 38]. In the adult population, Li et al. highlighted in
females a PPP predominance with prevalent sternal involvement,
and in males an acne predominance with a major clavicular and
lumbar involvement [37]. While the different sex distribution
was confirmed in our study, no statistically significant differences
in terms of osteoarticular involvement were found between the
Acne-HS and PPP-PV groups, in whom the axial involvement
was preponderant when compared with the CNO group.

The main limit of our study was the small sample of involved
patients (35 Acne-HS and 19 PPP-PV), even if these diseases are
rather rare in paediatric age. Also, the Acne-HS group was more
numerous than the PPP-PV group. This differs from what is gen-
erally reported in the adult literature, in which PPP-PV is consid-
ered the more frequent presentation [2, 39], though a major
incidence of Acne-HS was also reported by Wu ez al. in their pae-
diatric series [38]. This could be due to the fact that, while PV
and PPP often respond well to the treatments, acne patients pre-
sent a particularly severe and refractory clinical picture, being
thus easier to recall, causing a selection retrospective bias.

Another limit, especially concerning the skin manifesta-
tions data, was due to the retrospective nature of the study:
not all patients were initially evaluated by a dermatologist,
and a grading with adequate tools was not always available.

In conclusion, we have described two different phenotypes
of pSAPHO, based on their skin manifestations, with differ-
ent gender prevalences, age of onset, and response to treat-
ments, and identified the differences with paediatric CNO.
However, further biological and serological analyses are war-
ranted to confirm these differences. This could lead to a new
classification of the SAPHO syndrome in childhood, suggest-
ing that inflammatory osteitis is the common denominator of
a broad spectrum of diseases, with a continuum ranging from
pure CNO to the different skin disease phenotypes, with the
Acne-HS group being more similar to patients with PAPA
spectrum disorders than to the groups with PPP and PV.

Supplementary material

Supplementary material is available at Rheumatology online.

Data availability

The data that support the findings of this study are available
in the supplementary material and from the corresponding
author upon reasonable request.
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