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Abstract SAPHO syndrome (synovitis, acne, pustulosis, hy-
perostosis, and osteitis) is a rare autoimmune disease which,
due to its clinical presentation and symptoms, is often
misdiagnosed and unrecognized. Its main features are promi-
nent inflammatory cutaneous and articular manifestations.
Treatments with immunosuppressive drugs have been used
for the management of SAPHO with variable results. To date,
the use of anti-TNF-o agents has proved to be an effective
alternative to conventional treatment for unresponsive or re-
fractory SAPHO cases. TNF-« is a pro-inflammatory cyto-
kine and pivotal regulator of other cytokines, including IL-1
f3, IL-6, and IL-8, involved in inflammation, acute-phase re-
sponse induction, and chemotaxis. IL-1 inhibition strategies
with anakinra have shown efficacy as first and second lines of
treatment. In this review, we will describe the main character-
istics of biological drugs currently used for SAPHO syn-
drome. We also describe some of the promising therapeutic
effects of ustekinumab, an antibody against the p40 subunit of
IL-12 and IL-23, after failure of multiple drugs including anti-
TNF-o¢ and anakinra. We discuss the use and impact of the
new anti-IL-1 antagonists involved in the IL-17 blockade, in
particular for the most difficult-to-treat SAPHO cases.
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Introduction

SAPHO syndrome is a chronic immune-mediated condition
that compromises the skin, joints, and bones. The syndrome’s
acronym reflects the variable combination of synovitis, acne,
pustulosis, hyperostosis, and osteitis. The disease is rare, fre-
quently unrecognized (and misdiagnosed), and characterized
by prominent inflammatory cutaneous and articular manifes-
tations [1]. SAPHO syndrome had been initially classified
among the spondyloarthropathies (SpA). Recent evidence
suggests that SAPHO syndrome fits better as a primitive in-
flammatory osteitis, in the spectrum of autoinflammatory dis-
eases (AIDs) [2-4]. A related bone AID with a similar clinical
manifestation is known as chronic recurrent multifocal osteo-
myelitis (CRMO), which has a pediatric onset [5, 6] and has
been used to investigate the pathogenesis of this type of im-
mune condition.

In this literature review, we describe the main existing as
well as new therapeutic approaches to treating SAPHO syn-
drome. In order to identify all relevant literature published to
date, we searched EMBASE and Ovid Medline through
May 26, 2015. The following search terms were used:
SAPHO, synovitis, acne, pustulosis, hyperostosis, osteitis
(combined). Terms for drug therapy included: anti-TNF
agents, infliximab, adalimumab, etanercept, golimumab,
certolizumab, anti-IL-1 agents, anakinra, canakinumab,
rilonacept, ustekinumab, rituximab, anti-il-6 receptor anti-
body, tocilizumab, costimulation modulator, and abatacept.
Although this is not a systematic review, we also included
appropriate suffixes in the search to capture relevant papers
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regardless of whether the syndrome was mentioned in the
abstract or the title.

Clinical Picture

SAPHO syndrome is often misdiagnosed or diagnosed late,
because it is a rare disease that shares clinical features with
several other disorders, such as infectious discitis, seronega-
tive SpA, and psoriatic arthritis (PsA) [7]. The clinical presen-
tation of SAPHO syndrome is heterogeneous and insidious. It
is estimated that about 50-70 % of patients who might have
SAPHO also suffer from anterior chest wall (ACW) syn-
drome, which commonly involves the sternum, clavicles,
and/or sternoclavicular joints in different combinations [8¢].
These characteristics are related to an underlying chronic in-
flammatory sterile osteitis resulting in swelling, tenderness,
and pain in bone structures and adjacent tissues. The inflam-
matory involvement of the axial skeleton may result in single
or multiple spondylodiscitis and enthesophytes formation.
Inflammatory enthesopathy, sacroiliitis, mandibular osteitis,
and peripheral arthritis occur frequently [9, 10].

Skin involvement usually precedes the onset of articular
symptoms, but it may occur at any time during the course of
the disease [11]. Palmoplantar pustulosis (PPP), pustular pso-
riasis, psoriasis vulgaris, severe acne, or hidradenitis
suppurativa are the main skin abnormalities in patients with
SAPHO syndrome [10].

Understanding of SAPHO’s natural course is limited, but
so far two possible natural courses have been identified: a self-
limited one, restricted to a time span of 1 year with little or no
flares after remission, and a chronic one, characterized by
exacerbations alternating with remissions or by persistent dis-
ease activity [10].

Pathogenesis

Due to the presentation of multiple symptoms and clinical
signs, SAPHO syndrome could be considered an umbrella
term for several disorders that share sterile, inflammato-
ry lesions of the bone and involve an osteitic/
hyperostotic process [12].

Still, our understanding of SAPHO syndrome comes from
recent investigations on human osteoinflammatory syn-
dromes, such as those caused by recessively inherited muta-
tions in LPIN2 and IL1RN [13e, 14], of which we have limited
knowledge, due to their rare incidence.

Experimental evidence using murine models of CRMO
have shown that chronic non-bacterial osteitis such as
CRMO and SAPHO might be caused by mutations of
PSTPIP2; however, no causative mutation of PSTPIP2 has
been identified in human disease to date [15, 16°¢]. Such
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assumptions on the inherited mutations are difficult to confirm
due to the scant epidemiological evidence available. We are
aware of two cohort studies that examined genes PSTPIP2,
LPIN2, NOD2, PSTPIP1, and PTPN22, but did not show
SNPs or causal mutations in the two, which might indicate
that SAPHO is a polygenic disease [17, 18].

The role of inflammation in the expression of the syndrome
has been better documented. Studies on a murine chronic mul-
tifocal osteomyelitis (CMO) model have shown that neutro-
phils produce excessive amounts of IL-1[3 and that its produc-
tion is inflammasome-independent [16¢°]. Inflammatory bone
and skin manifestations have shown to be Ty17-dependent in
mice deficient for Interleukin-1 receptor antagonist (IL-1RA)
[19, 20]. It is worth noting that children with genetic deficiency
of IL-1RA (DIRA) show a CRMO-like phenotype and skin
pustulosis (similar to SAPHO), which is linked to an expansion
of IL-17-producing cells [21].

Recent human immunologic studies have identified increased
Th17 cells in the peripheral blood of SAPHO patients [22], re-
duced IL-10 production by stimulated monocytes fromCRMO
patients [23], or IL-10 undetectable plasma levels [24].

The role of IL-1f3 enhanced release in many AIDs has been
established, and it has been implicated in leading toward a
severe systemic inflammatory syndrome, possibly mediated
by a Ty17 skewed phenotype [25, 26]. The Ty17 increase in
peripheral blood of SAPHO subjects resembles the one re-
cently found in patients with other AIDs.

A single study explored the ex-vivo neutrophils responses in
SAPHO patients, showing dysregulation of plasmatic IL-8 and
IL-18 and altered neutrophil responses to functional stimuli [24].

A central feature in the dermatologic manifestations of
SAPHO is neutrophilic pustular dermatoses [27].
Palmoplantar pustulosis is most common, affecting up to
60 % of patients who develop dermatologic manifestations
[9]. Acne conglobata and acne fulminans occur in up to
25 % of patients. Rarely, pyoderma gangrenosum and
Sweet’s syndrome have been reported [10].

Neutrophilic dermatoses represent a clinically heteroge-
neous group of disorders hallmarked by an accumulation of
neutrophils in the skin and rarely at the level of internal organs
[28]. Pustular psoriasis and other neutrophilic dermatoses,
such as Pyoderma gangrenosum and Sweet’s syndrome, are
nowadays considered autoinflammatory conditions, which are
characterized by recurrent episodes of sterile inflammation,
without circulating autoantibodies and autoreactive T-cells
[29, 30]. The role exerted by overexpression of the pro-
inflammatory cytokines TNF-«, IL-8, and IL-17 in the path-
ophysiology of the whole spectrum of neutrophilic dermato-
ses associated to SAPHO has been demonstrated [29, 31, 32],
similar to psoriasis and other autoimmune diseases [33-35].

Interleukin-17 amplifies the recruitment of neutrophils and
monocytes by increasing the local production of chemokines
[36], most notably IL-8, synergizing with various other
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cytokines [37], in particular with TNF-«, to induce a distinct
pattern of endothelial activation that sustains and enhances
neutrophil influx to sites of inflammation [38].

Diagnosis

One of the main challenges in the diagnosis of SAPHO is the
identification of its various clinical components, which require
a careful differential diagnosis. The association of non-infec-
tious, inflammatory osteitis with PPP skin lesions is a finding
of cardinal importance for diagnosis. ACW syndrome is the
typical manifestation of the disease, but it is unspecific [39].
The criteria described by Benhamou et al. [11] provide a help-
ful guideline to differential diagnosis. Infectious causes of
ACW and spondylodiscitis and/or skin disorders should be
ruled out, with emphasis on Propionibacterium acnes and
Staphylococcus aureus. In some cases, bone biopsy may be
necessary to discern SAPHO syndrome from neoplastic, gran-
ulomatous, or other bone disorders, especially when there is
involvement of the soft tissues [10]. Imaging techniques are
extremely helpful in the differential diagnosis, in particular
magnetic resonance imaging, which can help differentiate ac-
tive bone lesions, and computed tomography, which may doc-
ument osteitis/hyperostosis or other ACW complications [40].
Whole body bone scintigraphy allows identification of the
classic scintigraphic “bull’s head sign” in about a third of
patients, helping to confirm the diagnosis in those suspected
to have the condition [41].

Conventional Treatments

Non-steroidal anti-inflammatory drugs (NSAIDs) are com-
monly used as first-line treatment for pain relief or during
the diagnostic phase, but in most cases they are not sufficient.
Intra-articular or systemic corticosteroids are transiently effec-
tive in the majority of patients [42], but their chronic long-
term use is associated with well-known complications.
Moreover, relapses with skin and/or bone involvement are
frequent at withdrawal. Considering the possible role of
P acne as one of the possible triggers, antibiotic treatment
(in particular doxycycline) is another alternative treatment.
However, only a small proportion of patients respond [8e, 9,
10], and the effect is often partial and lost after treatment
withdrawal [43]. Recently, the efficacy of the antibiotic
cefcapene pivoxil hydrochloride has been described in
pustulotic arthro-osteitis [44], a clinical entity close to
SAPHO [45, 46].

In contrast to antibiotics, bisphosphonates, especially
pamidronate, have consistent and rapid efficacy but transient
activity on bouts of bone inflammation [8¢]. In a portion of
patients, a partial or complete sustained remission over time

has been described [8¢, 47, 48]. Increased serum cross laps
might be a prognostic marker for a positive clinical response
in SAPHO patients treated with pamidronate [48].No efficacy
on cutaneous complaints or the induction of exacerbations has
been seldom reported [49, 50]. Immunosuppressive drugs
such as methotrexate, sulfasalazine, cyclosporine and
leflunomide have been widely used, obtaining mixed re-
sponses [9, 27, 51, 52]. Regardless of the effectiveness of
these treatments, the majority of patients may require addi-
tional treatments often in long-term or in multiple courses.

No predictors of efficacy of treatment with antibiotics,
bisphosphonates, or immunosuppressive drugs are available.

To date, we have identified one ongoing trial investigating
various treatment options on SAPHO syndrome. Researchers
from the Peking Union Medical College Hospital are carrying
out a non-randomized, open label single centric intervention
in adults aged 18-70 years old aimed at assessing the long-
term efficacy of intravenous bisphosphonates for bone mar-
row oedema in patients with SAPHO (Clinical Trials Identifier
NCT02544659). The results of this study are expected to be
available in 2017. These findings will add to the recent dis-
cussion on the effectiveness of bisphosphonates for SAPHO
syndrome [53].

Treatment with Biologicals
Anti-TNF- Agents

Since 2002, various case series and case reports described the
use of anti-TNF-« agents as a therapeutic option for SAPHO
cases unresponsive or refractory to conventional drugs [54,
55]. These treatments have shown efficacy for bone, skin,
and joint manifestations at standard doses and achieving com-
plete remission and promising results in most of cases [56,
57]. TNF-« is a pivotal pro-inflammatory cytokine and potent
regulator of cytokines including IL-1 3, IL-6, and IL-8, which
are crucial in inflammation, acute-phase response induction,
and chemotaxis [58]. The rationale for the off-label use of
anti-TNF drugs relies on the increased expression of TNF-&
in bone specimens [55], on the altered levels of cytokines and
of neutrophil responses. The upregulation of TNF-alpha re-
lease to functional stimuli has been shown to be modulated by
etanercept, as assessed in ex-vivo studies [24]. There is also
strong evidence suggesting that TNF-« is implicated in the
pathogenesis of neutrophilic dermatoses [31] and that anti-
TNF treatment has improved pustular psoriasis/PPP and
hidradenitis suppurativa [59-62].

Infliximab (INFX), an anti-TNF-o« monoclonal antibody,
has been increasingly used in SAPHO patients, especially
after the failure of conventional therapeutic approaches. Its
mechanism of action involves blocking TNF-o action and
inducing apoptosis of T-cells that express TNF-. It has also
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been reported to be helpful in cases of associated neutrophilic
dermatoses [63]. Case reports and case series published dem-
onstrate in a large proportion of the infliximab-treated patients
a marked amelioration of bone, joints, and skin inflammatory
manifestations [56, 64—68].

However, investigators reported the recurrence or worsen-
ing of skin lesions in 3/6 reported cases [65, 69]. In other
chronic inflammatory diseases, infliximab is preferred over
other TNF-« blockers because of its rapid onset of action.
Nevertheless, we and other authors did not notice a clearly
different time span of improvement of SAPHO syndrome
comparing the available anti-TNF drugs [65, 70].

Etanercept (ETN) is a recombinant soluble TNF receptor
and one of the first biological response modifier drugs that has
proven effective in SAPHO syndrome [24, 55, 63, 71].

Adalimumab (ADA) is a fully human monoclonal antibody
directed to TNF-«, which is usually given as fortnightly sub-
cutaneous injection. Its efficacy in the treatment of SAPHO
patients has been demonstrated in several studies [69,
72-74] and in the authors’ personal experience (Fig. 1).

Ben Abdelghani and colleagues showed in their case series
the efficacy of TNF-« inhibition, achieving with the above
mentioned drugs a clinical response in two thirds of their pa-
tients [69]. In their interesting preliminary results on a large
cohort of patients, Hayem et al. reported the partial or complete
remission in most of patients treated with TNF-«-blockers [57].

Paradoxical flares of PPP or hidradenitis suppurativa may
occur in patients treated with these drugs [57, 69, 72]. It is
known that these phenomena occur irrespectively of SAPHO
as underlying conditions [75].

Subcutaneous injection of certolizumab pegol, a
PEGylated Fc-free anti-TNF, has been recently employed in
monotherapy in a patient affected by SAPHO syndrome, with
rapid amelioration of articular and skin symptoms [76].

Subcutaneous golimumab, another monoclonal antibody
targeting TNF-oc [22, 77, 78], was safely administered and well-
tolerated, but halted after 6 months for complete lack of efficacy
in a patient with previous failure of other anti-TNF biologicals.

Patients with disease worsening or unresponsive to anti-
TNF-o drugs have been described [74].

Anti-IL-1 Agents

The seminal demonstration of the P2X7-IL1{ axis dysregu-
lation in a SAPHO patient supported the rationale to consider
the use of drugs targeting this cytokine [79]. Anakinra, a re-
combinant IL-1 receptor antagonist that provides inhibition of
IL-1 signaling, has been proven effective in a small number of
published patients by two groups of researchers [79, 80¢]. In
fact, the two groups reported the efficacy of this drug both as
first-line biological and in patients who failed to respond to
TNF-inhibitors. Follow-up data of these patients at medium-
term are still not available, but awaited with great interest.
Also, the extent to which the efficacy of anakinra is due to
the blocking of IL-1oc or IL-1f3 is largely unknown.

Use of Other Biological Drugs and Recent Developments

To date, there are scant published reports on the use of bio-
logical drugs other than TNF-« antagonists and anakinra.

Fig. 1 Bone scintigraphy showing hyperfixation on sternoclavicular joints and on left clavicle, before starting treatment with adalimumab (box 4), and
after 1 year (box B)
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Recently, the use of tocilizumab at 8 mg/kg has been reported
as first biological treatment in a patient affected by SAPHO and
AA amyloidosis, showing an initial response on bone pain, but
also the onset of chest neutrophilic sterile abscess with neutro-
philic infiltration at skin biopsy [81]. No other reports have been
published and the efficacy and safety profiles of this drug might
be further analyzed when treating SAPHO syndrome.

We previously reported a patient switched from anakinra
(skin drug reaction) to golimumab, a subcutaneous monoclo-
nal antibody targeting TNF-« [22, 77, 78]. This drug was
safely administered and well-tolerated, but halted after
6 months for complete lack of efficacy. Then same patient
underwent a treatment with ustekinumab, a novel monoclonal
antibody inhibiting the p40 subunit common for IL-12 and IL-
23 cytokines, approved for treatment of psoriasis and PsA. Its
efficacy has been described also for PPP [82]. Subcutaneous
monotherapy with ustekinumab 90 mg allowed achieving a
significant improvement of skin and osteoarticular symptoms
after 2 years of treatment, without adverse effects.

Open Issues Related to the Use of Biological Drugs
in SAPHO Syndrome

One of the main triggers of SAPHO has been hypothesized to
be a primitive “reactive” osteitis in genetically predisposed
subjects, elicited by P. acne and other germs [83, 84]. Data
available may indicate both a condition of defective immune
response or pathogen clearance and an immune response with
the features of autoinflammation [85].

Data on long-term evolution of bone processes of treated
patients are scant or mainly derive from limited follow-up, but
up to about 50 % of patients may develop new foci or show
persistence of bone lesions [65, 68, 73, 74].

The demonstration that the efficacy of antibiotic treatment
for SAPHO syndrome is lost after its discontinuation indicates
that other undisclosed factors perpetuate the bouts of bone
inflammation [43]. Biologicals have been employed usually
after failure of NSAIDs, multiple antibiotic courses, and
bisphosphonates have failed to halt this chronic condition.
The association of long-term antibiotic treatment plus biolog-
icals may be proposed on the basis of this rationale [85].

In the absence of solid data and shared guidelines for treat-
ment with biologicals, maintaining or adding a synthetic
disease-modifying antirheumatic drug (DMARD), in particu-
lar MTX, might help to improve the efficacy and reduce anti-
drug antibodies formation and secondary failure of biological
treatment [86—88]. To date, the retention rate of biological
drugs in SAPHO or CRMO patients has not been reported in
detail. Primary failures of biological drugs have been reported,
in particular with anti-TNFs [70, 74].

The existence of patients responsive to anakinra, as first
shown by Colina et coll., has given evidence of a subset of

SAPHO patients in whom there is a pathological role of either
IL-1 or IL-1f3 that can be blocked antagonizing IL-1 [89].

Inflammation markers such as C-reactive protein (CRP)
and erythrocyte sedimentation rate (ESR) are usually normal
or only slightly heightened during disease flares [10], often in
contrast with imaging data. Potential biomarkers are currently
under investigation in order to identify reliable markers of
activity and characterize the disease subsets [90].

Conclusions

Although the pathogenesis of SAPHO is still unclear, there is
increasing agreement that it could be classified within the
spectrum of AIDs, as a consequence of the complex interac-
tions between mono- or poly-genic factors (e.g., elements of
innate immunity, inflammasomes) and various exogenous fac-
tors, mostly still undisclosed, that could trigger the disease.

NSAIDs, glucocorticosteroids, antibiotics,
bisphosphonates, and DMARDs have variable degrees of ef-
ficacy and of reported range of beneficial effect over time.

In the last decade, however, the successful use of biological
treatments for SAPHO syndrome has given novel and effective
weapons to the therapeutic armamentarium for this rare disease.

The inhibition of TNF-« and of IL-1, as previously shown,
underlines the central role and the potential of targeting the
immune dysregulation underlying SAPHO syndrome [79]. At
present, most of the diagnostic and therapeutic approach to
treating SAPHO is based in the analogy to SpA and published
data provide a low level of evidence. Biological drugs have
been primarily employed in patients with a chronic course of
the disease, mainly when multiple lines of conventional treat-
ments have been partially efficacious or failed. To date, there
are no clear data regarding early treatment with biologics and
their association with DMARDs. Anti-TNF-« agents have
proved to be a safe and effective therapeutic option, especially
for patients with the prolonged course of the disease with
multiple, prolonged disease flares or with evidence of chronic
inflammation [91¢¢]. Occurrences of osteoarticular or skin dis-
ease worsening or unresponsive to anti-TNF-« drugs have
been reported, and among responders many achieve only a
partial control of the disease. These empirical observations
are mainly derived from small cohorts and could be linked
to the differences in the mechanism of action of the different
biologicals drugs inhibiting TNF-«, as observed in other dis-
eases [92]. Also, the presence of subtypes of the disease could
be linked to variations in the response to biologicals.

The efficacy of the IL-1 antagonist anakinra gives novel
insights on the mechanisms of the disease. Apart from
SAPHO, anakinra has been successfully used in CRMO and
DIRA [21, 93]. Nevertheless, the pathogenesis of SAPHO is
still elusive, but there is increasing understanding that it could
be classified within the spectrum of polygenic AIDs [18]. An
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important role of IL-1(3 in the differentiation of Ty17 lineage
has been demonstrated, and recent data from humans and mice
highlight the role of IL-13 hypersecretion in AIDs [25, 94s¢].
Alternative and different effects of IL-1 or TNF-o blockade
are known [95] and may also involve the P2X7 receptor [96].
The interaction between dysregulated innate and adaptive im-
mune systems and bone homeostasis in the course of SAPHO
plays a central role [23, 97, 98].

In addition, the efficacy of ustekinumab in a single SAPHO
case with failure or intolerance to multiple treatments has been
described, showing that the anti-IL12/IL23 agents can be a
promising therapeutic option for SAPHO, similarly to PPP
and hidradenitis [99, 100]. Targeting the dysregulated
[L23/Ty17 pathway should be further analyzed in larger stud-
ies [22]. Furthermore, a rationale emerges for the use of the
new anti-IL-1 antagonists or the IL-17 blockade, which now
may be considered as possible therapeutic options in the most
difficult-to-treat SAPHO cases.

To date, no predictable differences in efficacy, long-term
outcome, adverse events, or loss of efficacy over time
emerged from reports of patients with SAPHO syndrome
treated with etanercept, adalimumab, infliximab, or anakinra.
On the basis of the data available, we can only speculate on the
mechanisms underlying primary or secondary failures of im-
munosuppressant or biological drugs.

Double-blind randomized controlled studies regarding the
use of biologic drugs or small molecules for this rare disorder
are still awaited.
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