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Synovitis, acne, pustulosis, hyperostosis and osteitis (SAPHO) syndrome is a rare autoinflammatory disease characterized by cutaneous manifestations and osteoarticular damage. The pathogenesis of SAPHO syndrome has not yet been elucidated, but studies have shown that the abnormal bone metabolism of patients with SAPHO syndrome is most likely due to localized infections that induce immune disorders in the body. Although no standardized treatment protocols exist, based on existing case studies and data from open studies, we propose that the treatment of SAPHO syndrome can be categorized into three areas according to the symptomatic manifestations of the disease: (1) control of focal infections using antibiotics and tonsillectomy; (2) administration of DMARDs to manage disease progression; and (3) bone remodeling therapy with bisphosphonates to address abnormal bone metabolism. Furthermore, a comprehensive treatment approach tailored to the clinical manifestations of the patient can effectively alleviate symptoms and enhance quality of life.
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1 Introduction

Synovitis, acne, pustulosis, hyperostosis, and osteitis (SAPHO) syndrome, first described by rheumatologist Chamot in 1987, is a rare autoinflammatory disorder characterized by cutaneous manifestations and osteoarticular damage (1, 2). Currently, the incidence of SAPHO syndrome is 1 in 10,000 among Caucasians and 0.00144 in 10,000 among Japanese (3), and there is a paucity of large-scale data from China. SAPHO syndrome is more prevalent among middle-aged women (4), though cases have also been reported in children (5) and the elderly (6–9).

The pathogenesis of SAPHO syndrome remains unclear, with studies suggesting that it may result from an autoimmune response triggered by low-virulence pathogens (10). Various pathogens, including Staphylococcus aureus and Cutibacterium acnes, have been isolated from SAPHO patients by several researchers (11–22). Among these, Cutibacterium acnes promotes InterleukinIL-1β (IL-1β) production by activating NOD-Like Receptor Thermal Protein Domain Associated Protein 3 (NLRP3) inflammasomes and increasing caspase-1 activity (19, 20), a process linked to articular cartilage destruction (21). Additionally, Cutibacterium acnes induces an immune response by activating complement and promoting the production of cytokines, including IL-1, IL-8, and Tumor Necrosis Factor-α (TNF-α) (23). Palmoplantar Pustulosis (PPP), a common cutaneous manifestation of SAPHO, is also considered to be associated with chronic bacterial infections (24). Bacterial infections can abnormally activate the immune system, disrupting T-Helper 17 (Th17)/Regulatory T cells (Treg) cell homeostasis, promoting the expression of inflammatory factors, and activating osteoclasts. This cascade leads to bone destruction, osteomyelitis, and osteomalacia (25). Genetic factors may also contribute to the pathogenesis of SAPHO syndrome, with several cases of familial aggregation reported (26–28). Johannes Grosse and colleagues identified that chronic nonbacterial osteitis may be associated with Proline-Serine-Threonine Phosphatase Interacting Protein 2 (PSTPIP2) mutations; however, no pathogenic PSTPIP2 mutations have been found in human diseases (29). Thus, the pathogenesis of SAPHO syndrome may involve a complex interplay of infection, immunity, genetics, and bone metabolism disorders (Figure 1). Nevertheless, the exact pathogenesis of SAPHO syndrome remains elusive and necessitates further investigation.




Figure 1 | Diagram of the pathogenesis of SAPHO syndrome. The exact pathogenesis of SAPHO syndrome remains unclear, but it is suggested that it may involve an autoimmune response triggered by a low virulence pathogen. Abnormal bone metabolism in SAPHO syndrome patients is likely due to localized infections that induce immune disorders. Cutibacterium acnes is known to promote the production of IL-1β, which is associated with articular cartilage destruction, by activating NLRP3 inflammasomes and increasing caspase-1 activity. Additionally, Cutibacterium acnes can stimulate an immune response through complement activation and the production of cytokines such as IL-1, IL-8, and TNF-α. This immune response may lead to immune escape mechanisms, potentially related to abnormal T-cell activation, such as dysregulation in the balance between Treg and Th17 cells. This imbalance may further disrupt inflammatory cytokines, including IL-1β, IL-6, IL-17, IL-18, and TNF-α.



Compared to other autoimmune diseases, SAPHO syndrome is a rare clinical autoimmune disease. Patients with SAPHO syndrome are often challenging to diagnose and are frequently misdiagnosed with PPP, leading to inadequate treatment. Additionally, most patients remain undiagnosed and untreated until they progress to more advanced skeletal manifestations. Treating SAPHO syndrome presents significant challenges, as clinicians must assess the efficacy of various treatments, weighing potential adverse effects to tailor an optimal regimen to the patient’s condition. This article discusses the recommendations for the use of medications in SAPHO syndrome more cautiously from the point of view of the pathogenesis of SAPHO syndrome (Supplementary Table 1, Table 1).


Table 1 | Drug recommendation level.






2 Treatment options for SAPHO syndrome



2.1 SAPHO syndrome and infection

Infection is an important factor in triggering autoinflammatory diseases (30). The two primary skin lesions of SAPHO syndrome, PPP and severe acne (SA), are strongly associated with infection. PPP is a chronic inflammatory skin condition characterized by recurrent aseptic pustules on the palms and soles and is linked to localized infections such as tonsillitis, dental infections, and sinusitis (31). Tonsillar epithelial cells in patients with PPP can secrete high levels of IL-6, leading to B cell stimulation and abnormal autoantibody production (32). In response to α-streptococcal antigen stimulation, tonsillar T cells in PPP patients express multiple receptors, such as Cutaneous Lymphocyte -Associated Antigen (CLA) and Chemokine C-C-Motif Receptor 6 (CCR6), which facilitate T cell migration into the skin and joints, exacerbating rashes and bone pain (33). In SAPHO syndrome, clinical manifestations of SA typically include polymerized and fulminant acne (34). Acne and pustulosis in SAPHO syndrome patients are strongly linked to infections (33). The isolation of various pathogens, including Cutibacterium acnes, has been reported in SAPHO syndrome patients (11–22). Infections caused by P. acnes promote activation of NLRP3 inflammasomes and IL-1β release, resulting in osteitis and enhanced differentiation of osteoblast mesenchymal stromal cells, a process linked to Forkhead Box O1 (FoxO1) deficiencies in osteoblasts (22). Rozin, A. P. et al. were the first to report successful treatment of a SAPHO syndrome patient using Co-Trimoxazole (CTM), an antibiotic with immunomodulatory properties, suggesting a potential link between S. aureus and SAPHO syndrome (35). Infection control strategies for SAPHO syndrome primarily involve antibiotic therapy and tonsillectomy.



2.1.1 Antibiotics

Antibiotics are effective in the management of SAPHO syndrome (36). Tetracycline, clindamycin, minocycline, and azithromycin have been used to alleviate patient symptoms (4). Yasunobu Takizawa et al. reported a case of a 63-year-old female patient with SAPHO syndrome and severe co-infections who showed marked symptomatic improvement after treatment with minocycline alone (37). In an interventional study, Gunter Assmann et al. found that during a 4-month course of antibiotic therapy, the patient’s disease worsened after discontinuing the antibiotics, while controlling disease activity and improving dermatologic lesions and arthralgias during the treatment period (38). As clinical data on SAPHO syndrome continue to grow, more detailed antibiotic protocols are likely to emerge (4).




2.1.2 Tonsillectomy

Tonsillitis may be a predisposing factor for SAPHO syndrome. Tonsils are considered a common site for chronic, subclinical infections (35). Previous studies have demonstrated significant efficacy of tonsillectomy in palmoplantar pustulosis (39), pustular arthritis (39), and immunoglobulin (Ig) A nephropathy (40–42). In a single-center retrospective study, investigators found that 67.2% of SAPHO syndrome patients had comorbid tonsillitis, and those with comorbid tonsillitis tended to present with more severe skin and nail lesions. Among patients treated with tonsillectomy, a significant improvement was observed in Visual Analogue Scale (VAS) and PalmoPlantar Pustulosis Area and Severity Index (PPPASI) scores after 3 months, suggesting that tonsillectomy may be associated with improvements in bone and skin symptoms in SAPHO syndrome patients (35). Although tonsillectomy is a relatively simple procedure, it carries certain risks, and the need for tonsillectomy should be carefully considered in the treatment of SAPHO syndrome.





2.2 SAPHO syndrome and immune abnormalities

Previous studies have shown that 49% of patients with SAPHO syndrome tested positive for Acinetobacter in bone biopsies (43) and that localized infections may be a causative factor in the immune disorders associated with SAPHO syndrome. However, an interventional study revealed that while disease activity was controlled during antibiotic use, patients experienced symptomatic deterioration after discontinuation of the drug (38). Therefore, autoimmune mechanisms may lead to immune escape during the progression of SAPHO syndrome. Its pathogenesis may be related to abnormal T-cell activation, such as an imbalance between Treg and Th17 cells, which in turn leads to the dysregulation of inflammatory cytokines including IL-1β, IL-6, IL-17, IL-18, and TNF-α (44). In clinical practice, Conventional Synthetic Disease-Modifying Antirheumatic Drugs (csDMARDs) are employed in the initial treatment of SAPHO syndrome and have shown good efficacy in managing peripheral joint symptoms and nail lesions (39). Corticosteroids are mainly used to relieve osteoarticular symptoms in patients with early SAPHO syndrome, although long-term use has been associated with a poor prognosis. Therefore, it is important to pay attention to the duration of treatment and to monitor the possibility of exacerbation of the symptoms involved in the use of corticosteroids. TNF-α levels are elevated in many inflammatory diseases of the skin and other organ systems, and its effects on adhesion molecule expression and immune activation establish it as a central mediator in many inflammatory skin diseases (45). Consequently, TNF-α inhibitors are often used as third-line agents following inadequate responses to Biological Disease-Modifying Anti-Rheumatic Drugs (bDMARDs) for rapid relief of inflammatory symptoms. IL-17, a signature cytokine secreted by Th17 cells, can synergize with TNF-α to exert pro-inflammatory effects, enhancing neutrophil migration to inflammatory sites (38). IL-17 inhibitors are therefore commonly used to improve cutaneous symptoms when TNF-α inhibitor therapy is ineffective (46). Additionally, IL-6 levels in SAPHO patients are significantly higher than those in healthy individuals, and the use of tocilizumab can alleviate the patients’ condition (40). Although some SAPHO patients exhibit relatively elevated levels of IL-1, there is limited evidence and few studies on its efficacy, so the future of IL-1-related treatments remains uncertain. Research into small molecule targeted drugs suggests that the Janus Kinase (JAK)/Signal Transducer and Activator of Transcription (STAT) signaling pathways play an important role in the pathogenesis of SAPHO syndrome. Among these, baricitinib, tofacitinib, and upadacitinib have been reported in treatment-related cases and have shown favorable therapeutic effects in improving skin and bone symptoms (41–45, 47).



2.2.1 NSAIDs

Non-steroidal anti-inflammatory drugs (NSAIDs) are commonly regarded as the first-line pharmacological agents for pain relief and symptom control in SAPHO syndrome. They exhibit a rapid and pronounced effect on patients in the diagnostic phase of the disease (48), making them the top choice for treating patients with bone and joint symptoms (4). There is no clear superiority among different NSAIDs. To ascertain whether a patient is non-responsive to NSAIDs, it is advisable to administer full-dose medication for at least one month, ideally trying out two distinct NSAIDs (4). Nevertheless, relying solely on NSAIDs frequently fails to manage the condition, particularly for patients with extensive involvement. For instance, the efficacy of NSAIDs alone is limited in treating patients with extensive osteomyelitis (47). Furthermore, the gastrointestinal side effects associated with NSAIDs must be carefully considered during treatment (48).




2.2.2 Corticosteroids

Corticosteroids are the mainstay of symptom control and treatment for many immune disorders (47). They may be prescribed to patients who are refractory to NSAIDs and have comorbid osteoarthritis (OA) (4).In a long-term follow-up study comprising 120 patients, corticosteroids were found to be an effective alternative therapy when nonsteroidal anti-inflammatory drugs (NSAIDs) failed to provide adequate symptom relief. Strikingly, patients treated with corticosteroids exhibited significant improvements in joint symptoms (47).Corticosteroids have a rapid onset but a short duration of action (48), yet there is limited research on their long-term efficacy in managing disease symptoms. Wang Lun et al. reported a case of SAPHO syndrome with elevated IgE levels, in which significant relief of clinical symptoms, as well as improvements in MRI and bone scan results, was observed following short-term corticosteroid application. This suggests that identifying disease-specific subtypes based on clinical presentation and IgE levels may help guide the use of corticosteroids in clinical practice (49). Furthermore, topical corticosteroids may be considered as a therapeutic option for managing dermatological manifestations in select clinical scenarios. A retrospective study has demonstrated that the combination of topical corticosteroids and PUVA therapy can also achieve satisfactory outcomes in skin improvement (50).However, other studies have found that topical corticosteroid injections primarily affect osteitis lesions (3) and that recurrence of skin and bone involvement occurs after tapering or discontinuation of the drug (51).Additionally, side effects such as osteoarthropathy and metabolic disorders associated with corticosteroid use have a serious impact on patient prognosis. Therefore, short-term, low-dose application of corticosteroids is recommended to minimize their potential side effects (49).




2.2.3 csDMARDs: methotrexate and leflunomide

Although there is still no definitive diagnostic and therapeutic protocol for SAPHO syndrome, csDMARDs are frequently prioritized for treatment. The csDMARDs commonly used in the management of SAPHO syndrome are methotrexate and leflunomide. Clinical studies have shown that methotrexate can significantly improve joint inflammatory responses and is beneficial in managing SAPHO syndrome (52–56). As a traditional immunosuppressant, methotrexate inhibits T cell activity by promoting adenosine secretion from Treg cells, which in turn promotes Treg cell differentiation and suppresses the inflammatory response (56). Disease activity in SAPHO syndrome has been associated with an imbalance of Th17 and Treg cells (57), suggesting that methotrexate may be effective in improving the immune response in SAPHO patients. Leflunomide, employed for bone diseases, is also applicable in SAPHO syndrome treatment. Its mechanism of action is similar to that of methotrexate, as it inhibits T cell proliferation by reducing IL-2 production (58). Previous studies have confirmed the therapeutic efficacy of leflunomide in SAPHO syndrome patients (59, 60). However, recent investigations found that patients with SAPHO syndrome presenting with interstitial granulomatous dermatitis did not show symptom improvement after leflunomide treatment (61). In a cohort study, csDMARDs were found to be underutilized among children and adults with chronic nonbacterial osteomyelitis (CNO). Moreover, these agents demonstrated limited effectiveness in promoting disease remission (62). Therefore, it is important to consider the specific targets of csDMARDs in SAPHO syndrome treatment.




2.2.4 bDMARDs

Previous studies have found that the pro-inflammatory phenotype of monocytes in SAPHO syndrome patients is associated with increased expression of IL-1β, IL-6, and TNF-α (63, 64). Moreover, Th17 cells are significantly elevated in patients with SAPHO syndrome compared to the healthy population (65). IL-6 is one of the major cytokines that induces polarization of Th17 cells, making targeting therapy against specific inflammatory factors a reasonable therapeutic strategy for SAPHO syndrome. Biological agents such as TNF-α inhibitors (infliximab, adalimumab, etanercept), IL-1 antagonists (anabolic leukocytoclasts), and IL-17 inhibitors (Secukinumab) have demonstrated good efficacy in treating SAPHO syndrome (66–74). However, uncertainties remain regarding the use of biological agents. Current safety data on the long-term use of biologics are primarily derived from studies on spondyloarthritis and psoriatic arthritis, with a notable lack of long-term safety assessments for their use in SAPHO syndrome (75, 76). Additionally, biologic therapy may be associated with side effects, such as the potential development of psoriatic dermatoses, increased risk of infections, or recurrence of palmar pustulosis during treatment (77, 78). Therefore, when choosing biologics to treat SAPHO syndrome, it is essential to consider the patient’s specific clinical symptoms to select the most appropriate treatment plan.



2.2.4.1 TNF-α inhibitors

TNF-α is a pro-inflammatory cytokine, and anti-TNF-α therapeutic strategies play a significant role in the management of inflammatory diseases such as rheumatoid arthritis and inflammatory bowel disease (79). Currently, TNF-α inhibitors are clinically used as third-line drugs for SAPHO syndrome. Previous studies have shown that, for patients with inadequate response or failure to csDMARDs, TNF-α inhibitors such as Infliximab can more rapidly improve symptoms, including reducing pain, decreasing disease activity, significantly improving skin lesions, and decreasing bone destruction, providing a more sustained effect compared to csDMARD-based therapies (66–74, 80).In a single-center study involving 354 patients, individuals with involvement of the spine or sacroiliac joints exhibited significantly higher rates of TNF-α inhibitor use compared to those without such involvement. However, disease activity remained markedly elevated at baseline in these patients, suggesting that more refined management strategies may be required when axial joint involvement is present (81). Additionally, there may be side effects associated with TNF-α inhibitor therapy for SAPHO syndrome. Massara et al. found that two patients with SAPHO syndrome experienced other skin symptoms, including PPP recurrence, after the use of infliximab (5 mg/kg) (69). Similarly, Wagner et al. observed that patients developed bronchospasm after infliximab (5 mg/kg) treatment, which resolved upon switching to etanercept (67). Therefore, when using TNF-α inhibitors to treat SAPHO syndrome in clinical settings, careful consideration must be given to their safety profile and the potential for recurrence of skin symptoms.




2.2.4.2 IL-6 inhibitors

Serum levels of IL-6 are significantly elevated in patients with SAPHO syndrome compared to the healthy population. As an inflammatory cytokine, IL-6 plays an important role in several inflammatory and autoimmune diseases (63). Tolizumab is a highly selective IL-6 inhibitor that can significantly reduce IL-6 levels and is well tolerated, although its efficacy in treating SAPHO syndrome remains limited. Sato et al. applied tozolizumab in the treatment of SAPHO syndrome and found that patients’ pain symptoms improved and MRI results showed relief of muscle high signal areas, but the symptoms of bone marrow edema did not improve (82). Furthermore, studies have indicated that patients with significantly elevated IL-6 levels experienced worsening bone and joint pain, skin herpes symptoms, and in two cases, reduced leukocyte levels, with these symptoms gradually disappearing after discontinuation of the drug (83, 84). Therefore, tolizumab is rarely considered as a therapeutic agent in the clinical treatment of SAPHO syndrome.




2.2.4.3 IL-17 inhibitors

Firinu et al. found an increased number of Th17 cells in the peripheral blood of patients with SAPHO syndrome (65). Previous studies have shown that the activity of IL-17A is elevated in patients with PPP, and Th17 cells play a critical role in this inflammatory process (85–87). Therefore, the imbalance between Treg and Th17 cells is likely central to the development of skin symptoms in SAPHO syndrome. Current studies have found that IL-17 inhibitors such as Secukinumab and Brodalimumab are highly effective in ameliorating osteitis as well as severe skin symptoms in patients (46, 88–90). In addition, patients receiving TNF-α inhibitors have a 2.01-fold increased risk of inflammatory central nervous system disease compared to those not receiving TNF-α inhibitors (91). Interestingly, compared to TNF-α inhibitors, the IL-17 inhibitor Brodalimumab demonstrates superior efficacy in treating patients with comorbid Central Nervous System(CNS) disease, improving both peripheral joint symptoms and CNS complications (92). Therefore, IL-17 inhibitor therapy should be considered when csDMARDs and TNF-α inhibitors prove ineffective in managing skin symptoms or comorbid CNS symptoms. However, Secukinumab has been associated with colitis in some patients (65), and other patients have developed skin lesions following its use (61). Consequently, when using IL-17 inhibitors for SAPHO syndrome, physicians should advise patients to have regular follow-ups and promptly adjust the treatment strategy in the event of adverse effects.




2.2.4.4 IL-23 inhibitors

The IL-23/IL-17 axis plays an important role in the pathogenesis of SAPHO syndrome (61). Therefore, compared to IL-17 inhibitors, IL-23 inhibitors are comparably effective in treating inflammatory diseases associated with SAPHO syndrome, particularly in improving skin symptoms. Currently, IL-23-related inhibitors that have been reported for the treatment of SAPHO syndrome include Ustekinumab, Tildrakizumab, and Risankizumab. In two reports on the use of Ustekinumab for treating SAPHO syndrome, researchers found that treatment-naïve patients who developed Interstitial Granulomatous Dermatitis (IGD) after csDMARDs treatment—with IGD potentially linked to leflunomide in one patient—experienced significant improvement in both arthritic symptoms and IGD after receiving Ustekinumab (61, 93, 94). In another case report, a patient with SAPHO syndrome and suppurative sweating adenitis, who had severe joint pain, was treated sequentially with antibiotics, isotretinoin, and adalimumab. This regimen provided relief of joint symptoms but only mild improvement in skin symptoms. However, the patient’s skin symptoms improved significantly after treatment with Risankizumab (94). Similarly, previous studies have shown that in patients with SAPHO syndrome refractory to both csDMARDs and adalimumab, joint and skin symptoms were completely eliminated following treatment with Tildrakizumab (95). Therefore, IL-23 inhibitors should be considered for SAPHO patients with refractory inflammatory cutaneous changes. There are currently no reports or studies addressing the adverse effects of IL-23 inhibitors; thus, while IL-23 inhibitors may serve as an alternative treatment option for patients with cutaneous involvement, potential adverse effects remain a concern.




2.2.4.5 IL-1 inhibitors

There are still relatively few studies on IL-1 inhibitors for the treatment of SAPHO syndrome. A previous open study involving six patients with SAPHO syndrome treated with Anakinra therapy showed that the treatment alleviated joint and osteitis symptoms. IL-1 inhibitors demonstrated potential benefits for patients who had previously failed TNF-α inhibitors. However, two of these patients experienced local injection reactions and elevated transaminases, respectively (96). In a case series on chronic relapsing multifocal osteomyelitis, a child showed improvement in skin and joint symptoms following initial Anakinra therapy, but subsequently developed costochondritis and rash after 12 and 17 months of treatment, respectively (97). Therefore, the efficacy and safety of IL-1 inhibitors remain to be thoroughly investigated.





2.2.5 Small molecule drugs



2.2.5.1 JAK inhibitors

With the deepening understanding of autoimmune diseases, it has become clear that the JAK/STAT signaling pathway plays a crucial pathogenic role in these conditions, leading to an increased use of JAK inhibitors in clinically refractory Immune-Mediated Diseases (IMDs) (98, 99). Elevated serum levels of IL-17 and TNF-α in SAPHO patients are likely related to their pathogenesis, and JAK inhibitors target multiple inflammatory factors, such as IL-17 and TNF-α, thereby potentially influencing various downstream pathways involved in the treatment of SAPHO syndrome (44, 65, 100, 101). Some studies have demonstrated that JAK inhibitors are effective in treating SAPHO syndrome with extra-articular symptoms, suggesting a possible overlap in disease targets and superior performance in such cases (102–105).

Currently, the most commonly used JAK inhibitor in clinical practice is tofacitinib (102–110), although some patients may develop drug tolerance during treatment. Tofacitinib has shown efficacy in alleviating symptoms of PPP, osteitis, and acne associated with SAPHO syndrome, and is generally effective in treating comorbidities of SAPHO syndrome (102–105). However, a cohort study found that some patients experienced elevated Low-Density Lipoprotein (LDL) levels following tofacitinib treatment, which can contribute to cardiovascular events such as atherosclerosis (106). Therefore, it is crucial to monitor potential cardiovascular risks, particularly in elderly patients and those at high risk for cardiovascular events. Additionally, Shibata et al. reported a case of tofacitinib-induced PPP in a patient with juvenile idiopathic arthritis, which resolved upon discontinuation of the drug (111). This highlights the importance of close monitoring for potential cardiovascular risks and infections during treatment.

The use of baricitinib and upadacitinib in the treatment of SAPHO syndrome remains relatively limited. Previous studies on baricitinib have revealed individual variability in therapeutic efficacy, indicating it may not be suitable for all patients (112). Baricitinib has been shown to improve osteoarticular and cutaneous symptoms in SAPHO syndrome in two clinical studies (113, 114); however, additional evidence is needed to confirm its precise efficacy. We report a recent case of significant improvement in joint and skin symptoms in a SAPHO patient treated with upadacitinib (115). As a JAK1 inhibitor, upadacitinib has limited clinical applications reported to date and may represent a promising new therapeutic option.




2.2.5.2 Apremilast

Apremilast (Otezla) is an oral small molecule phosphodiesterase 4 (PDE-4) inhibitor (116) that selectively targets PDE-4. It inhibits T cell activation by increasing intracellular cyclic Adenosine Monophosphate (cAMP) levels, which reduces the activities of pro-inflammatory cytokines such as IL-2, IL-8, Interferon-γ(IFN-γ), and TNF-α, thereby modulating the immune response in SAPHO (117). However, clinical evidence supporting Apremilast is currently limited, and its efficacy varies. Adamo et al. reported that Apremilast significantly alleviated skin and joint symptoms in patients (118). Moreover, studies indicate that Apremilast has a relatively favorable safety profile and advantages such as oral administration and no requirement for routine laboratory testing (117). However, Apremilast is associated with side effects including upper respiratory tract infections, nausea, and diarrhea (117). Additionally, Zhang et al. documented a case where Apremilast was ineffective as the initial treatment for SAPHO syndrome (119). In conclusion, as an emerging treatment, the clinical application of Apremilast requires further investigation to substantiate its efficacy and safety.






2.3 SAPHO syndrome and bone metabolism

Skeletal manifestations of SAPHO syndrome primarily involve osteitis and bone hypertrophy, which are due to an imbalance in bone remodeling between osteoclasts and osteoblasts. Receptor activator of nuclear factor-κB (RANK) is crucial for osteoclast differentiation and activation. In the presence of Macrophage Colony-Stimulating Factor (MCSF), Receptor Activator of Nuclear Factor-κ B Ligand(RANKL) binds to RANK on osteoclast precursors, promoting their differentiation into mature osteoclasts (120). Osteoprotegerin (OPG) inhibits osteoclast differentiation and bone destruction by binding to RANKL. The RANKL-RANK-OPG system is crucial in regulating both osteoclast differentiation and the immune response. Under physiological conditions, B cells secrete OPG, whereas in an inflammatory state, activated B cells secrete RANKL, which promotes osteoclast differentiation and accelerates bone resorption (121). T cells can promote RANKL secretion directly or indirectly through IL-7, and activated T cells also secrete osteoclastogenic factors that enhance osteoclast differentiation. Osteoclastogenic factors directly influence the secretion of IL-6, IL-10, Granulocyte-Macrophage Colony-Stimulating Factor (GM-CSF), and the JAK-STAT signaling pathway. These factors exacerbate the inflammatory response and promote osteoclast differentiation, leading to skeletal manifestations (122). Bisphosphonates inhibit osteoclast activity by binding specifically to hydroxyapatite on the bone surface, thereby preventing abnormal bone metabolism, resorption, and calcium mobilization. Furthermore, bisphosphonates possess anti-inflammatory properties by reducing pro-inflammatory cytokines such as IL-1, TNF-α, and IL-6, and by inhibiting the antigen-presenting capacity of macrophages (123, 124). Bisphosphonates are classified into three generations based on their development and into oral and intravenous formulations based on the route of administration. Previous studies indicate that the primary bisphosphonates used in the treatment of SAPHO syndrome include disodium pamidronate, alendronate sodium, zoledronate sodium, and ibandronate sodium.



2.3.1 Pamidronate disodium

Disodium pamidronate, a second-generation bisphosphonate, is commonly administered intravenously for the treatment of SAPHO syndrome. Studies have demonstrated that disodium pamidronate significantly alleviates bone pain symptoms, typically administered in doses of 30 mg or 60 mg daily, though multiple infusions are often necessary (55, 125–130). Our findings indicate that disodium pamidronate not only significantly alleviated spinal bone marrow edema but also provided rapid pain relief and enhanced mobility (131). Guignard et al. reported that intravenous disodium pamidronate significantly decreased the urinary hydroxyproline-to-creatinine ratio, a marker of osteoclast activity and bone turnover (132). Additionally, disodium pamidronate has been shown to lower levels of inflammatory markers, reduce the need for other medications, and decrease relapse rates (132–134).




2.3.2 Alendronate sodium

Alendronate sodium, a second-generation bisphosphonate, has been recommended for SAPHO syndrome treatment due to its convenient oral administration and favorable efficacy. Fioravanti et al. reported significant improvement in clinical symptoms and immunological indices in a SAPHO syndrome patient after 1 year of treatment with oral alendronate sodium (70 mg/week) (135). Ichikawa et al. described successful SAPHO syndrome treatment with oral alendronate sodium (5 mg/day) and concluded that oral administration is safer and more convenient than intravenous methods (136).




2.3.3 Zoledronate sodium

Zoledronate sodium, a third-generation bisphosphonate, is commonly administered intravenously and has been found effective in treating SAPHO syndrome patients resistant to conventional therapies. Kopterides et al. treated a male patient with recurrent jaw swelling using zoledronate sodium, resulting in significant improvement or resolution of jaw pain and swelling after several injections, with corresponding improvements in bone scans (137). Just et al. described a female patient with persistent sternal pain who experienced sustained relief of pain symptoms, improved quality of life, and significant improvements in inflammatory markers and bone density following a single intravenous injection of zoledronate sodium (138). Our study demonstrated that zoledronate sodium significantly improved patients’ VAS, Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), and Bath Ankylosing Spondylitis Functional Index (BASFI) scores (135). Additionally, our previous study indicated no significant difference in efficacy between zoledronate sodium and pamidronate sodium, but the incidence of adverse events was lower in the zoledronate sodium group. Moreover, zoledronate sodium has a shorter infusion time compared to pamidronate sodium, which can enhance patient compliance (135).




2.3.4 Ibandronate sodium

Ibandronate sodium, a third-generation bisphosphonate, is commonly administered intravenously for treating SAPHO syndrome. Soyfoo et al. reported a case involving a 22-year-old male patient with SAPHO syndrome who received zoledronate sodium 5 mg/month for recurrent anterior chest wall pain (139). This treatment provided rapid symptomatic relief but had a limited duration of action. In the second year, the patient was treated with ibandronate sodium 3 mg/month for recurrent symptoms, which provided both rapid and long-lasting relief and improved radiological findings. Gil et al. described a 50-year-old female patient with poor response to NSAIDs who experienced significant relief from joint pain and normalization of inflammatory markers following the administration of ibandronate sodium 150 mg/month and prednisolone 5 mg/day, though skin symptoms showed no significant improvement (140). Few reports exist on the use of ibandronate sodium for SAPHO syndrome, and its efficacy remains to be fully established.




2.3.5 Technetium Methylene Diphosphonate

Technetium Methylenediphosphonate (Tc-MDP) is currently used for radionuclide scanning, early diagnosis of malignant bone tumors and their metastases, and clinical diagnosis of osteitis and metabolic bone diseases. Bone scanning with 99mTc-MDP can be used to detect osteitis in patients with SAPHO syndrome. 99mTc-MDP, a novel bisphosphonate, has demonstrated greater efficacy in bone protection compared to traditional immunosuppressants in other rheumatological and immunological diseases (141). Shao et al. treated a SAPHO syndrome patient with severe chronic mandibular osteomyelitis using 99mTc-MDP, resulting in significant improvement in both systemic symptoms and mandibular bone damage (142). Despite the significant clinical efficacy of 99mTc-MDP and bisphosphonates in treating bone resorption disorders such as SAPHO syndrome, the risk of Bisphosphonate-Related Osteonecrosis of the Jaw (BRONJ) as a potential complication must be considered (143).






3 Other considerations

The skin symptoms of SAPHO syndrome typically manifest as severe acne, nail changes, and PPP, which not only affect patients’ appearance but may also lead to significant psychological and social dysfunction. From the perspective of pathogenesis, the skin manifestations mentioned above are often triggered by underlying inflammation. Based on our single-center experience, we propose that minocycline can be effective for the treatment of acne. For pustular psoriasis, nail involvement, and other skin symptoms, we recommend the use of JAK inhibitors. In addition, topical skin treatments can also be considered as an option. We reviewed the relevant literature and summarized the therapeutic strategies for topical treatments in patients with SAPHO syndrome. Investigators have commonly used retinoids and adapalene for the treatment of mild to moderate acne, or clindamycin and erythromycin antibiotics to improve inflammatory acne (144). Moreover, a study found that the combination of corticosteroids and PUVA therapy also demonstrated good efficacy in improving skin symptoms (50).Therefore, topical skin treatments should also be given attention for symptom improvement.




4 Conclusion

SAPHO syndrome is a rare autoinflammatory disease characterized by cutaneous manifestations and osteoarticular damage. The primary goal of treatment is to alleviate joint symptoms and skin lesions while preventing recurrence of the condition. We propose a combined and stratified treatment approach targeting the multifaceted pathogenesis of SAPHO syndrome. This strategy aims to achieve comprehensive disease control by eliminating focal infections, correcting immune dysregulation, and improving abnormal bone metabolism. Specifically, the treatment plan includes: (i) using antibiotics and tonsillectomy to control focal infections; (ii) employing DMARDs to manage disease progression; and (iii) using bisphosphonates to treat abnormal bone metabolism and promote bone remodeling. However, despite the success of these therapeutic approaches in some cases, the treatment of SAPHO syndrome still faces many challenges, including the lack of unified diagnostic criteria and treatment strategies. Overall, treating SAPHO syndrome necessitates an individualized plan tailored to each patient, with regular monitoring of efficacy and side effects to adjust the treatment regimen as needed (Figure 2).




Figure 2 | Our Single-Center Medication Recommendations for SAPHO Syndrome. Clinicians need to assess the patient’s symptoms to determine the appropriate medication. Patients with SAPHO syndrome present with three main types of symptoms: osteoarticular manifestations, localized infections, and skin involvement. Osteoarticular Involvement: For synovitis, conventional synthetic disease-modifying antirheumatic drugs (csDMARDs) are used. In cases of osteitis, biological DMARDs (bDMARDs) and bisphosphonates are recommended. If these treatments are unsatisfactory, additional bDMARDs such as TNF-α inhibitors, IL-17 inhibitors, IL-23 inhibitors, and JAK inhibitors are suggested. Localized Infections: For symptoms of focal infection, treatment options include antibiotics or tonsillectomy. Skin Involvement: Skin manifestations in SAPHO syndrome often include acne, pustular psoriasis (PPP), and nail changes. Minocycline may be used for acne. For PPP, nail involvement, and other skin symptoms, JAK inhibitors are recommended.







Author contributions

YNW: Investigation, Writing – original draft, Writing – review & editing. MG: Investigation, Writing – original draft, Writing – review & editing. ZZ: Investigation, Writing – original draft, Writing – review & editing. HJ: Investigation, Writing – original draft, Writing – review & editing. LH: Investigation, Writing – original draft. HH: Investigation, Writing – original draft. YHW: Conceptualization, Methodology, Writing – review & editing. CL: Conceptualization, Funding acquisition, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the National Natural Science Foundation of China (grant number: 82074246;82374272).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2025.1560398/full#supplementary-material




References

1. Chamot, AM, Benhamou, CL, Kahn, MF, Beraneck, L, Kaplan, G, and Prost, A. Acne-pustulosis-hyperostosis-osteitis syndrome. Results of a national survey. 85 cases. Rev Rhum Mal Osteoartic. (1987) 54:187–96.

2. Sun, Y, Li, C, Lu, Q, Jiang, H, Zhu, M, Huang, G, et al. Integrative analysis of lncRNA-mRNA profile reveals potential predictors for SAPHO syndrome. Front Genet. (2021) 12:684520. doi: 10.3389/fgene.2021.684520

3. Rukavina, I. SAPHO syndrome: a review. J Child Orthop. (2015) 9:19–27. doi: 10.1007/s11832-014-0627-7

4. Demirci, YT, and Sari, İ. SAPHO syndrome: current clinical, diagnostic and treatment approaches. Rheumatol Int. (2024) 44:2301–13. doi: 10.1007/s00296-023-05491-3

5. Wu, N, Shao, Y, Huo, J, Zhang, Y, Cao, Y, Jing, H, et al. Clinical characteristics of pediatric synovitis, acne, pustulosis, hyperostosis, and osteitis (SAPHO) syndrome: the first Chinese case series from a single center. Clin Rheumatol. (2021) 40(4):1487–95. doi: 10.1007/s10067-020-05393-w

6. Gong, L, Wang, L, Cao, Y, and Li, C. Rapid induction of clinical remission in SAPHO syndrome using high-dose Tripterygium glycosides: A case report. Med (Baltimore). (2020) 99(27):e21102. doi: 10.1097/md.0000000000021102

7. Kubo, Y, Ito, K, Fujiwara, Y, Yoshida, T, and Kusumoto, M. Case report: SAPHO syndrome mimicking bone metastases during treatment with pembrolizumab for non-small cell lung cancer. Front Med (Lausanne). (2021) 8:679111. doi: 10.3389/fmed.2021.679111

8. Canella, C, Costa, F, d'Oliveira, I, Albuquerque, E, and Marchiori, E. SAPHO syndrome. Joint Bone Spine. (2014) 81(1):90. doi: 10.1016/j.jbspin.2013.04.016

9. Xu, T, Huang, Y, Zhao, Y, Wang, P, and Chen, Y. 68Ga-DOTA-FAPI-04 PET/CT imaging in a case of SAPHO syndrome. Clin Nucl Med. (2022) 47(3):246–8. doi: 10.1097/rlu.0000000000003901

10. Govoni, M, Colina, M, Massara, A, and Trotta, F. SAPHO syndrome and infections. Autoimmun Rev. (2009) 8(3):256–9. doi: 10.1016/j.autrev.2008.07.030

11. Rozin, AP, and Nahir, AM. Is SAPHO syndrome a target for antibiotic therapy? Clin Rheumatol. (2007) 26:817–20. doi: 10.1007/s10067-006-0274-6

12. Schaeverbeke, T, Lequen, L, de Barbeyrac, B, Labbé, L, Bébéar, CM, Morrier, Y, et al. Propionibacterium acnes isolated from synovial tissue and fluid in a patient with oligoarthritis associated with acne and pustulosis. Arthritis Rheum. (1998) 41:1889–93. doi: 10.1002/1529-0131(199810)41:10<1889::aid-art23>3.3.co;2-6

13. Kirchhoff, T, Merkesdal, S, Rosenthal, H, Prokop, M, Chavan, A, Wagner, A, et al. Diagnostic management of patients with SAPHO syndrome: use of MR imaging to guide bone biopsy at CT for microbiological and histological work-up. Eur Radiol. (2003) 13:2304–8. doi: 10.1007/s00330-003-1849-0

14. Colina, M, Lo Monaco, A, Khodeir, M, and Trotta, F. Propionibacterium acnes and SAPHO syndrome: a case report and literature review. Clin Exp Rheumatol. (2007) 25:457–60.

15. Collert, S, and Isacson, J. Chronic sclerosing osteomyelitis (Garré). Clin Orthop Relat Res. (1982) 1982:136–40.

16. Kotilainen, P, Merilahti-Palo, R, Lehtonen, OP, Manner, I, Helander, I, Möttönen, T, et al. Propionibacterium acnes isolated from sternal osteitis in a patient with SAPHO syndrome. J Rheumatol. (1996) 23:1302–4.

17. Gerster, JC, Lagier, R, and Livio, JJ. Propionibacterium acnes in a spondylitis with palmoplantar pustulosis. Ann Rheum Dis. (1990) 49:337–8. doi: 10.1136/ard.49.5.337-b

18. Reith, JD, Bauer, TW, and Schils, JP. Osseous manifestations of SAPHO (synovitis, acne, pustulosis, hyperostosis, osteitis) syndrome. Am J Surg Pathol. (1996) 20:1368–77. doi: 10.1097/00000478-199611000-00008

19. Qin, M, Pirouz, A, Kim, MH, Krutzik, SR, Garbán, HJ, et al. Propionibacterium acnes Induces IL-1β secretion via the NLRP3 inflammasome in human monocytes. J Invest Dermatol. (2014) 134:381–8. doi: 10.1038/jid.2013.405

20. Sahdo, B, Särndahl, E, Elgh, F, and Söderquist, B. Propionibacterium acnes activates caspase-1 in human neutrophils. APMIS. (2013) 121(17):652–63. doi: 10.1111/apm.12035

21. Kapoor, M, and Berenbaum, F. Role of proinflammatory cytokines in the pathophysiology of osteoarthritis. Nat Rev Rheumatol. (2011) 7:33–42. doi: 10.1038/nrrheum.2010.196

22. Berthelot, JM, Corvec, S, and Hayem, G. SAPHO, autophagy, IL-1, FoxO1, and Propionibacterium (Cutibacterium) acnes. Joint Bone Spine. (2018) 85:171–6. doi: 10.1016/j.jbspin.2017.04.010

23. Perry, AL, and Lambert, PA. Propionibacterium acnes. Lett Appl Microbiol. (2006) 42:185–8. doi: 10.1111/j.1472-765x.2006.01866.x

24. Yamamoto, T. Triggering role of focal infection in the induction of extra-palmoplantar lesions and pustulotic arthro-osteitis associated with palmoplantar pustulosis. Adv Otorhinolaryngol. (2011) 72:89–92. doi: 10.1159/000324620

25. Zhang, S, Li, C, Zhang, S, Li, L, Zhang, W, Dong, Z, et al. Serum levels of proinflammatory, anti-inflammatory cytokines, and RANKL/OPG in synovitis, acne, pustulosis, hyperostosis, and osteitis (SAPHO) syndrome. Mod Rheumatol. (2019) 29:523–30. doi: 10.1080/14397595.2018.1469580

26. Gonzalez, T, Gantes, M, Bustabad, S, and Diaz-Flores, L. Acne fulminans associated with arthritis in monozygotic twins. J Rheumatol. (1985) 12:389–91.

27. Dumolard, A, Gaudin, P, Juvin, R, Bost, M, Peoc'h, M, and Phelip, X. SAPHO syndrome or psoriatic arthritis? A familial Case study. Rheumatol (Oxford). (1999) 38:463–7. doi: 10.1093/rheumatology/38.5.463

28. Eyrich, GK, Langenegger, T, Bruder, E, Sailer, HF, and Michel, BA. Diffuse chronic sclerosing osteomyelitis and the synovitis, acne, pustolosis, hyperostosis, osteitis (SAPHO) syndrome in two sisters. Int J  Maxillofac Surg. (2000) 29:49–53. doi: 10.1016/s0901-5027(00)80125-3

29. Grosse, J, Chitu, V, Marquardt, A, Hanke, P, Schmittwolf, C, Zeitlmann, L, et al. Mutation of mouse Mayp/Pstpip2 causes a macrophage autoinflammatory disease. Blood. (2006) 107:3350–8. doi: 10.1182/blood-2005-09-3556

30. Amital, H, Govoni, M, Maya, R, Meroni, PL, Ori, B, Shoenfeld, Y, et al. Role of infectious agents in systemic rheumatic diseases. Clin Exp Rheumatol. (2008) 26:S27–32.

31. Yamamoto, T. Pustulotic arthro-osteitis associated with palmoplantar pustulosis. J Dermatol. (2013) 40:857–63. doi: 10.1111/1346-8138.12272

32. Koshiba, S, Ichimiya, S, Nagashima, T, Tonooka, A, Kubo, T, Kikuchi, T, et al. Tonsillar crypt epithelium of palmoplantar pustulosis secretes interleukin-6 to support B-cell development via p63/p73 transcription factors. J Pathol. (2008) 214:75–84. doi: 10.1002/path.2266

33. Huang, H, Shi, X, Jin, Y, Wu, Y, and Li, C. Infection in SAPHO syndrome: Is it a reactive osteitis? Int J Rheum Dis. (2024) 27:e14977. doi: 10.1111/1756-185x.14977

34. Li, Y, Li, C, Wu, N, Li, F, Wu, Z, Sun, X, et al. Demographic, clinical, and scintigraphic comparison of patients affected by palmoplantar pustulosis and severe acne: a retrospective study. Clin Rheumatol. (2020) 39:1989–96. doi: 10.1007/s10067-019-04904-8

35. Xiang, Y, Wang, Y, Cao, Y, Li, Z, Xiong, D, Wang, L, et al. Tonsillitis as a possible predisposition to synovitis, acne, pustulosis, hyperostosis and osteitis (SAPHO) syndrome. Int J Rheum Dis. (2021) 24(4):519–25. doi: 10.1111/1756-185x.14064

36. Colina, M, and Trotta, F. Antibiotics may be useful in the treatment of SAPHO syndrome. Mod Rheumatol. (2014) 24(6):697–8. doi: 10.3109/14397595.2013.874760

37. Takizawa, Y, Murota, A, Setoguchi, K, and Suzuki, Y. Severe inflammation associated with synovitis, acne, pustulosis, hyperostosis, osteitis (SAPHO) syndrome was markedly ameliorated by single use of minocycline. Mod Rheumatol. (2014) 24(7):1015–8. doi: 10.3109/14397595.2013.874744

38. Assmann, G, Kueck, O, Kirchhoff, T, Rosenthal, H, Voswinkel, J, Pfreundschuh, M, et al. Efficacy of antibiotic therapy for SAPHO syndrome is lost after its discontinuation: an interventional study. Arthritis Res Ther. (2009) 11(5):R140. doi: 10.1186/ar2812

39. Takahara, M, Hirata, Y, Nagato, T, Kishibe, K, Katada, A, Hayashi, T, et al. Treatment outcome and prognostic factors of tonsillectomy for palmoplantar pustulosis and pustulotic arthro-osteitis: A retrospective subjective and objective quantitative analysis of 138 patients. J Dermatol. (2018) 45:812–23. doi: 10.1111/1346-8138.14348

40. Hotta, O, Miyazaki, M, Furuta, T, Tomioka, S, Chiba, S, Horigome, I, et al. Tonsillectomy and steroid pulse therapy significantly impact on clinical remission in patients with IgA nephropathy. Am J Kidney Dis. (2001) 38:736–43. doi: 10.1053/ajkd.2001.27690

41. Kawamura, T, Yoshimura, M, Miyazaki, Y, Okamoto, H, Kimura, K, Hirano, K, et al. A multicenter randomized controlled trial of tonsillectomy combined with steroid pulse therapy in patients with immunoglobulin A nephropathy. Nephrol Dial Transplant. (2014) 29:1546–53. doi: 10.1093/ndt/gfu020

42. Komatsu, H, Sato, Y, Miyamoto, T, Tamura, M, Nakata, T, Tomo, T, et al. Significance of tonsillectomy combined with steroid pulse therapy for IgA nephropathy with mild proteinuria. Clin Exp Nephrol. (2016) 20:94–102. doi: 10.1007/s10157-015-1138-7

43. Zimmermann, P, and Curtis, N. The role of Cutibacterium acnes in auto-inflammatory bone disorders. Eur J Pediatr. (2019) 178:89–95. doi: 10.1007/s00431-018-3263-2

44. Hurtado-Nedelec, M, Chollet-Martin, S, Nicaise-Roland, P, Grootenboer-Mignot, S, Ruimy, R, Meyer, O, et al. Characterization of the immune response in the synovitis, acne, pustulosis, hyperostosis, osteitis (SAPHO) syndrome. Rheumatol (Oxford). (2008) 47:1160–7. doi: 10.1093/rheumatology/ken185

45. Alexis, AF, and Strober, BE. Off-label dermatologic uses of anti-TNF-a therapies. J Cutan Med Surg. (2005) 9:296–302. doi: 10.1177/120347540500900605

46. Sun, B, Cao, Y, Wang, L, Wang, M, and Li, C. Successful treatment of refractory mandibular lesions in SAPHO syndrome with secukinumab. Rheumatol (Oxford). (2021) 60:473–4. doi: 10.1093/rheumatology/keaa352

47. Hofmann, SR, Kapplusch, F, Girschick, HJ, Morbach, H, Pablik, J, Ferguson, PJ, et al. Chronic recurrent multifocal osteomyelitis (CRMO): presentation, pathogenesis, and treatment. Curr Osteoporos Rep. (2017) 15:542–54. doi: 10.1007/s11914-017-0405-9

48. Liu, S, Tang, M, Cao, Y, and Li, C. Synovitis, acne, pustulosis, hyperostosis, and osteitis syndrome: review and update. Ther Adv Musculoskelet Dis. (2020) 12:1759720X20912865. doi: 10.1177/1759720x20912865

49. Wang, L, Li, C, Yu, M, Cao, Y, Jing, H, and Li, J. Long-term remarkable remission of SAPHO syndrome in response to short-term systemic corticosteroids treatment in an immunoglobulin E elevated patient: A case report. Med (Baltimore). (2019) 98:e16045. doi: 10.1097/md.0000000000016045

50. Matzaroglou, C, Velissaris, D, Karageorgos, A, Marangos, M, Panagiotopoulos, E, and Karanikolas, M. SAPHO syndrome diagnosis and treatment: report of five cases and review of the literature. Open Orthop J. (2009) 3:100–6. doi: 10.2174/1874325000903010100

51. Cianci, F, Zoli, A, Gremese, E, and Ferraccioli, G. Clinical heterogeneity of SAPHO syndrome: challenging diagnose and treatment. Clin Rheumatol. (2017) 36:2151–8. doi: 10.1007/s10067-017-3751-1

52. Freira, S, Fonseca, H, Ferreira, PD, Vasconcelos, P, and Fonseca, JE. SAPHO syndrome in an adolescent: a clinical case with unusual severe systemic impact. J Adolesc Health. (2014) 55:304–6. doi: 10.1016/j.jadohealth.2014.02.004

53. Akçaboy, M, Bakkaloğlu-Ezgü, SA, Büyükkaragöz, B, Isıyel, E, Kandur, Y, Hasanoğlu, E, et al. Successful treatment of a childhood synovitis, acne, pustulosis, hyperostosis and osteitis (SAPHO) syndrome with subcutaneous methotrexate: A case report. Turk J Pediatr. (2017) 59:184–8. doi: 10.24953/turkjped.2017.02.011

54. Azevedo, VF, Dal Pizzol, VI, Lopes, H, Coelho, SP, and Czeczko, LE. Methotrexate to treat SAPHO syndrome with keloidal scars. Acta Reumatol Port. (2011) 36:167–70.

55. Aljuhani, F, Tournadre, A, Tatar, Z, Couderc, M, Mathieu, S, Malochet-Guinamand, S, et al. The SAPHO syndrome: a single-center study of 41 adult patients. J Rheumatol. (2015) 42:329–34. doi: 10.3899/jrheum.140342

56. Hayem, G, Bouchaud-Chabot, A, Benali, K, Roux, S, Palazzo, E, Silbermann-Hoffman, O, et al. SAPHO syndrome: a long-term follow-up study of 120 cases. Semin Arthritis Rheum. (1999) 29(3):159–71. doi: 10.1016/s0049-0172(99)80027-4

57. Xu, D, Liu, X, Lu, C, Luo, J, Wang, C, Gao, C, et al. Reduction of peripheral natural killer cells in patients with SAPHO syndrome. Clin Exp Rheumatol. (2019) 37(1):12–8.

58. Lang, R, Wagner, H, and Heeg, K. Differential effects of the immunosuppressive agents cyclosporine and leflunomide in vivo. Leflunomide blocks clonal T cell expansion yet allows production of lymphokines and manifestation of T cell-mediated shock. Transplantation. (1995) 59:382–9. doi: 10.1097/00007890-199502000-00013

59. Moon, SJ, Kim, EK, Jhun, JY, Lee, HJ, Lee, WS, Park, SH, et al. The active metabolite of leflunomide, A77 1726, attenuates inflammatory arthritis in mice with spontaneous arthritis via induction of heme oxygenase-1. J Transl Med. (2017) 15:31. doi: 10.1186/s12967-017-1131-x

60. Zhu, M, Xu, Q, Li, XL, He, Q, and Wang, WF. Modulating effects of leflunomide on the balance of Th17/Treg cells in collageninduced arthritis DBA/1 mice. Cent Eur J Immunol. (2014) 39(2):152–8. doi: 10.5114/ceji.2014.43714

61. Cornillier, H, Kervarrec, T, Tabareau-Delalande, F, Mammou, S, Jonville Bera, AP, and Machet, L. Interstitial granulomatous dermatitis occurring in a patient with SAPHO syndrome one month after starting leflunomide, and subsequently disappearing with ustekinumab. Eur J Dermatol. (2016) 26(6):614–5. doi: 10.1684/ejd.2016.2854

62. Skrabl-Baumgartner, A, Singer, P, Greimel, T, Gorkiewicz, G, and Hermann, J. Chronic non-bacterial osteomyelitis: a comparative study between children and adults. Pediatr Rheumatol Online J. (2019) 17:49. doi: 10.1186/s12969-019-0353-2

63. Scianaro, R, Insalaco, A, Bracci Laudiero, L, De Vito, R, Pezzullo, M, et al. Deregulation of the IL-1β axis in chronic recurrent multifocal osteomyelitis. Pediatr Rheumatol Online J. (2014) 12:30. doi: 10.1186/1546-0096-12-30

64. Hofmann, SR, Kubasch, AS, Ioannidis, C, Rösen-Wolff, A, Girschick, HJ, Morbach, H, et al. Altered expression of IL-10 family cytokines in monocytes from CRMO patients result in enhanced IL-1β expression and release. Clin Immunol. (2015) 161:300–7. doi: 10.1016/j.clim.2015.09.013

65. Firinu, D, Barca, MP, Lorrai, MM, Perra, S, Cabras, S, Muggianu, E, et al. TH17 cells are increased in the peripheral blood of patients with SAPHO syndrome. Autoimmunity. (2014) 47:389–94. doi: 10.3109/08916934.2014.906582

66. Olivieri, I, Padula, A, Ciancio, G, Salvarani, C, Niccoli, L, and Cantini, F. Successful treatment of SAPHO syndrome with infliximab: report of two cases. Ann Rheum Dis. (2002) 61:375–6. doi: 10.1136/ard.61.4.375

67. Wagner, AD, Andresen, J, Jendro, MC, Hülsemann, JL, and Zeidler, H. Sustained response to tumor necrosis factor alpha-blocking agents in two patients with SAPHO syndrome. Arthritis Rheum. (2002) 46:1965–8. doi: 10.1002/art.10539

68. Iqbal, M, and Kolodney, MS. Acne fulminans with synovitis-acne-pustulosis-hyperostosis-osteitis (SAPHO) syndrome treated with infliximab. J Am Acad Dermatol. (2005) 52:S118–20. doi: 10.1016/j.jaad.2004.09.006

69. Massara, A, Cavazzini, PL, and Trotta, F. In SAPHO syndrome anti-TNF-alpha therapy may induce persistent amelioration of osteoarticular complaints, but may exacerbate cutaneous manifestations. Rheumatol (Oxford). (2006) 45:730–3. doi: 10.1093/rheumatology/kei221

70. Sabugo, F, Liberman, C, Niedmann, JP, Soto, L, and Cuchacovich, M. Infliximab can induce a prolonged clinical remission and a decrease in thyroid hormonal requirements in a patient with SAPHO syndrome and hypothyroidism. Clin Rheumatol. (2008) 27:533–5. doi: 10.1007/s10067-007-0767-y

71. Garcovich, S, Amelia, R, Magarelli, N, Valenza, V, and Amerio, P. Long-term treatment of severe SAPHO syndrome with adalimumab: case report and a review of the literature. Am J Clin Dermatol. (2012) 13:55–9. doi: 10.2165/11593250-000000000-00000

72. Castellví, I, Bonet, M, Narváez, JA, and Molina-Hinojosa, JC. Successful treatment of SAPHO syndrome with adalimumab: a case report. Clin Rheumatol. (2010) 29:1205–7. doi: 10.1007/s10067-010-1476-5

73. Sáez-Martín, LC, Gómez-Castro, S, Román-Curto, C, Palacios-Álvarez, I, and Fernández-López, E. Etanercept in the treatment of SAPHO syndrome. Int J Dermatol. (2015) 54:e206–8. doi: 10.1111/ijd.12675

74. Zhang, LL, Zhao, JX, and Liu, XY. Successful treatment of SAPHO syndrome with severe spinal disorder using entercept: a case study. Rheumatol Int. (2012) 32:1963–5. doi: 10.1007/s00296-011-1916-9

75. Gottlieb, AB, Deodhar, A, Mcinnes, IB, Baraliakos, X, Reich, K, Schreiber, S, et al. Long-term safety of secukinumab over five years in patients with moderate-to-severe plaque psoriasis, psoriatic arthritis and ankylosing spondylitis: update on integrated pooled clinical trial and post-marketing surveillance data. Acta Derm Venereol. (2022) 102:adv00698. doi: 10.2340/actadv.v102.563

76. Armstrong, A, Paul, C, Puig, L, Boehncke, WH, Freeman, M, Torii, H, et al. Safety of ixekizumab treatment for up to 5 years in adult patients with moderate-to-severe psoriasis: results from greater than 17,000 patient-years of exposure. Dermatol Ther (Heidelb). (2020) 10:133–50. doi: 10.1007/s13555-019-00340-3

77. Li, C, Wu, X, Cao, Y, Zeng, Y, Zhang, W, Zhang, S, et al. Paradoxical skin lesions induced by anti-TNF-α agents in SAPHO syndrome. Clin Rheumatol. (2019) 38:53–61. doi: 10.1007/s10067-018-4083-5

78. Lu, J, and Lu, Y. Paradoxical psoriasis: The flip side of idiopathic psoriasis or an autocephalous reversible drug reaction? J Transl Autoimmun. (2023) 7:100211. doi: 10.1016/j.jtauto.2023.100211

79. Mitoma, H, Horiuchi, T, Tsukamoto, H, and Ueda, N. Molecular mechanisms of action of anti-TNF-α agents - Comparison among therapeutic TNF-α antagonists. Cytokine. (2018) 101:56–63. doi: 10.1016/j.cyto.2016.08.014

80. Hampton, SL, and Youssef, H. Successful treatment of resistant SAPHO syndrome with anti-TNF therapy. BMJ Case Rep. (2013) 2013:bcr2012007161. doi: 10.1136/bcr-2012-007161

81. Cao, Y, Li, C, Xu, W, Wu, X, Sun, X, Zhang, W, et al. Spinal and sacroiliac involvement in SAPHO syndrome: A single center study of a cohort of 354 patients. Semin Arthritis Rheum. (2019) 48:990–6. doi: 10.1016/j.semarthrit.2018.09.004

82. Sato, H, Wada, Y, Hasegawa, E, Nozawa, Y, Nakatsue, T, Ito, T, et al. Adult-onset chronic recurrent multifocal osteomyelitis with high intensity of muscles detected by magnetic resonance imaging, successfully controlled with tocilizumab. Intern Med. (2017) 56:2353–60. doi: 10.2169/internalmedicine.8473-16

83. Fujita, S, Kosaka, N, Mito, T, Hayashi, H, and Morita, Y. Development of aseptic subcutaneous abscess after tocilizumab therapy in a patient with SAPHO syndrome complicated by amyloid A amyloidosis. Int J Rheum Dis. (2015) 18:476–9. doi: 10.1111/1756-185x.12525

84. Sun, XC, Liu, S, Li, C, Zhang, S, Wang, M, Shi, XH, et al. Failure of tocilizumab in treating two patients with refractory SAPHO syndrome: a case report. J Int Med Res. (2018) 46:5309–15. doi: 10.1177/0300060518806105

85. Hagforsen, E, Hedstrand, H, Nyberg, F, and Michaëlsson, G. Novel findings of Langerhans cells and interleukin-17 expression in relation to the acrosyringium and pustule in palmoplantar pustulosis. Br J Dermatol. (2010) 163:572–9. doi: 10.1111/j.1365-2133.2010.09819.x

86. Bissonnette, R, Fuentes-Duculan, J, Mashiko, S, Li, X, Bonifacio, KM, Cueto, I, et al. Palmoplantar pustular psoriasis (PPPP) is characterized by activation of the IL-17A pathway. J Dermatol Sci. (2017) 85:20–6. doi: 10.1016/j.jdermsci.2016.09.019

87. Bissonnette, R, Nigen, S, Langley, RG, Lynde, CW, Tan, J, Fuentes-Duculan, J, et al. Increased expression of IL-17A and limited involvement of IL-23 in patients with palmo-plantar (PP) pustular psoriasis or PP pustulosis; results from a randomised controlled trial. J Eur Acad Dermatol Venereol. (2014) 28(10):1298–305. doi: 10.1111/jdv.12272

88. Ji, Q, Wang, Q, Pan, W, Hou, Y, Wang, X, Bian, L, et al. Exceptional response of skin symptoms to secukinumab treatment in a patient with SAPHO syndrome: Case report and literature review. Med (Baltimore). (2022) 101:e30065. doi: 10.1097/md.0000000000030065

89. Wang, L, Sun, B, and Li, C. Clinical and radiological remission of osteoarticular and cutaneous lesions in SAPHO patients treated with secukinumab: A case series. J Rheumatol. (2021) 48:953–5. doi: 10.3899/jrheum.201260

90. Funabiki, M, Tahara, M, Kondo, S, Ayuzawa, N, and Yanagida, H. SAPHO syndrome complicated by lesions of the central nervous system successfully treated with brodalumab. Case Rep Rheumatol. (2023) 2023:6005531. doi: 10.1155/2023/6005531

91. Kunchok, A, Aksamit, AJ Jr, Davis, JM 3rd, Kantarci, OH, Keegan, BM, Pittock, SJ, et al. Association between tumor necrosis factor inhibitor exposure and inflammatory central nervous system events. JAMA Neurol. (2020) 77:937–46. doi: 10.1001/jamaneurol.2020.1162

92. Grümme, L, Dombret, S, Knösel, T, Skapenko, A, and Schulze-Koops, H. Colitis induced by IL-17A-inhibitors. Clin J Gastroenterol. (2024) 17(2):263–70. doi: 10.1007/s12328-023-01893-9

93. Leloup, P, Aubert, H, Causse, S, Le Goff, B, and Barbarot, S. Ustekinumab therapy for severe interstitial granulomatous dermatitis with arthritis. JAMA Dermatol. (2013) 149(5):626–7. doi: 10.1001/jamadermatol.2013.256

94. Flora, A, Holland, R, Smith, A, and Frew, JW. Rapid and sustained remission of synovitis, acne, pustulosis, hyperostosis, and osteitis (SAPHO) syndrome with IL-23p19 antagonist (risankizumab). JAAD Case Rep. (2021) 14:33–6. doi: 10.1016/j.jdcr.2021.05.029

95. Licata, G, Gambardella, A, Calabrese, G, Alfano, R, and Argenziano, G. SAPHO syndrome successful treated with tildrakizumab. Dermatol Ther. (2021) 34:e14758. doi: 10.1111/dth.14758

96. Wendling, D, Prati, C, and Aubin, F. Anakinra treatment of SAPHO syndrome: short-term results of an open study. Ann Rheum Dis. (2012) 71:1098–100. doi: 10.1136/annrheumdis-2011-200743

97. Eleftheriou, D, Gerschman, T, Sebire, N, Woo, P, Pilkington, CA, and Brogan, PA. Biologic therapy in refractory chronic non-bacterial osteomyelitis of childhood. Rheumatol (Oxford). (2010) 49:1505–12. doi: 10.1093/rheumatology/keq122

98. Zhao, Z, Ye, C, and Dong, L. The off-label uses profile of tofacitinib in systemic rheumatic diseases. Int Immunopharmacol. (2020) 83:106480. doi: 10.1016/j.intimp.2020.106480

99. Xie, W, Huang, H, and Zhang, Z. Off-label use of tofacitinib: a potential treatment option for SAPHO syndrome. Ann Rheum Dis. (2022) 81:e91. doi: 10.1136/annrheumdis-2020-217854

100. Rosengren, S, Corr, M, Firestein, GS, and Boyle, DL. The JAK inhibitor CP-690,550 (tofacitinib) inhibits TNF-induced chemokine expression in fibroblast-like synoviocytes: autocrine role of type I interferon. Ann Rheum Dis. (2012) 71:440–7. doi: 10.1136/ard.2011.150284

101. Maeshima, K, Yamaoka, K, Kubo, S, Nakano, K, Iwata, S, Saito, K, et al. The JAK inhibitor tofacitinib regulates synovitis through inhibition of interferon-γ and interleukin-17 production by human CD4+ T cells. Arthritis Rheum. (2012) 64:1790–8. doi: 10.1002/art.34329

102. Yuan, F, Luo, J, and Yang, Q. SAPHO syndrome complicated by ankylosing spondylitis successfully treated with tofacitinib: A case report. Front Immunol. (2022) 13:911922. doi: 10.3389/fimmu.2022.911922

103. Sarikaya, SS, and Yelgen, IH. Tofacitinib: a successful treatment option for SAPHO syndrome. Int J Dermatol. (2024) 63(5):671–4. doi: 10.1111/ijd.17075

104. Ru, C, Qian, T, Liu, X, Wang, C, Li, W, Hou, X, et al. SAPHO syndrome with Takayasu arteritis successfully treated with tofacitinib. Int J Rheum Dis. (2023) 26(7):1381–3. doi: 10.1111/1756-185x.14628

105. Cao, F, Hou, X, Kang, T, Shi, X, Ma, W, Zhang, Y, et al. SAPHO syndrome complicated with relapsing polychondritis: A case report. Int J Rheum Dis. (2023) 26(10):2060–3. doi: 10.1111/1756-185X.14693

106. Li, C, Li, Z, Cao, Y, Li, L, Li, F, Li, Y, et al. Tofacitinib for the treatment of nail lesions and palmoplantar pustulosis in synovitis, acne, pustulosis, hyperostosis, and osteitis syndrome. JAMA Dermatol. (2021) 157:74–8. doi: 10.1001/jamadermatol.2020.3095

107. Yang, Q, Zhao, Y, Li, C, Luo, Y, Hao, W, and Zhang, W. Case report: successful treatment of refractory SAPHO syndrome with the JAK inhibitor tofacitinib. Med (Baltimore). (2018) 97:e11149. doi: 10.1097/MD.0000000000011149

108. Liu, Y, Wu, X, Cao, Y, Liu, S, Ma, M, and Li, C. Synovitis, acne, pustulosis, hyperostosis and osteitis syndrome with mandibular involvement: Would surgical operation help? Int J Rheum Dis. (2023) 26:563–7. doi: 10.1111/1756-185x.14542

109. Wang, R, Li, Y, Liu, Y, Hou, X, and Li, C. Synovitis, acne, pustulosis, hyperostosis and osteitis (SAPHO) syndrome with henoch-schönlein purpura: A case report. Clin Cosmet Invest Dermatol. (2023) 16:1089–94. doi: 10.2147/CCID.S392909

110. Baisya, R, Gavali, M, Tyagi, M, and Devarasetti, PK. A case of SAPHO syndrome complicated by uveitis with good response to both TNF inhibitor and JAKinib. Case Rep Rheumatol. (2023) 2023:6201887. doi: 10.1155/2023/6201887

111. Shibata, T, Muto, J, Hirano, Y, Takama, H, Yanagishita, T, Ohshima, Y, et al. Palmoplantar pustulosis-like eruption following tofacitinib therapy for juvenile idiopathic arthritis. JAAD Case Rep. (2019) 5:518–21. doi: 10.1016/j.jdcr.2019.03.024

112. Liu, S, Yu, Y, Liu, Y, Ma, M, and Li, C. Efficacy of baricitinib in synovitis, acne, pustulosis, hyperostosis, and osteitis syndrome: A case series. Joint Bone Spine. (2023) 90:105587. doi: 10.1016/j.jbspin.2023.105587

113. Yang, J, Yuan, C, Zhou, S, Teng, Z, and Li, M. Successful treatment of refractory synovitis, acne, pustulosis, hyperostosis, and osteitis (SAPHO) syndrome with baricitinib, a janus kinase inhibitor. Clin Cosmet Invest Dermatol. (2024) 17:529–37. doi: 10.2147/CCID.S446468

114. Wuriliga,, Wu, X, Cao, Y, and Li, C. Successful treatment of hip involvement in SAPHO syndrome with baricitinib. Rheumatol Adv Pract. (2022) 6:rkac084. doi: 10.1093/rap/rkac084

115. Ma, M, Lu, S, Hou, X, and Li, C. Novel JAK-1 inhibitor upadacitinib as a possible treatment for refractory SAPHO syndrome: A case report. Int J Rheum Dis. (2023) 26:2335–7. doi: 10.1111/1756-185x.14774

116. Cheng, W, Li, F, Tian, J, Xie, X, Chen, JW, Peng, XF, et al. New insights in the treatment of SAPHO syndrome and medication recommendations. J Inflammation Res. (2022) 15:2365–80. doi: 10.2147/JIR.S353539

117. Nassim, D, Alajmi, A, Jfri, A, and Pehr, K. Apremilast in dermatology: A review of literature. Dermatol Ther. (2020) 33:e14261. doi: 10.1111/dth.14261

118. Adamo, S, Nilsson, J, Krebs, A, Steiner, U, Cozzio, A, French, LE, et al. Successful treatment of SAPHO syndrome with apremilast. Br J Dermatol. (2018) 179:959–62. doi: 10.1111/bjd.16071

119. Zhang, J, Li, Y, Wang, J, Jiang, H, Qi, J, Li, C, et al. Is apremilast a treatment for SAPHO syndrome? J Dermatolog Treat. (2024) 35:2300743. doi: 10.1080/09546634.2023.2300743

120. Høst, A, Halken, S, Jacobsen, HP, Christensen, AE, Herskind, AM, and Plesner, K. Clinical course of cow’s milk protein allergy/intolerance and atopic diseases in childhood. Pediatr Allergy Immunol. (2002) 13:23–8. doi: 10.1034/j.1399-3038.13.s.15.7.x

121. Cho, JH, and Gregersen, PK. Genomics and the multifactorial nature of human autoimmune disease. N Engl J Med. (2011) 365:1612–23. doi: 10.1056/nejmra1100030

122. Tizaoui, K, Shin, JI, Jeong, GH, Yang, JW, Park, S, Kim, JH, et al. Genetic polymorphism of PTPN22 in autoimmune diseases: A comprehensive review. Medicina (Kaunas). (2022) 58:1034. doi: 10.3390/medicina58081034

123. Pennanen, N, Lapinjoki, S, Urtti, A, and Mönkkönen, J. Effect of liposomal and free bisphosphonates on the IL-1 beta, IL-6 and TNF alpha secretion from RAW 264 cells in vitro. Pharm Res. (1995) 12:916–22. doi: 10.1023/a:1016281608773

124. de Vries, E, van der Weij, JP, van der Veen, CJ, van Paassen, HC, Jager, MJ, Sleeboom, HP, et al. In vitro effect of (3-amino-1-hydroxypropylidene)-1,1-bisphosphonic acid (APD) on the function of mononuclear phagocytes in lymphocyte proliferation. Immunology. (1982) 47:157–63.

125. Kerrison, C, et al. Pamidronate in the treatment of childhood SAPHO syndrome. Rheumatol (Oxford). (2004) 43:1246–51. doi: 10.1093/rheumatology/keh295

126. Valls-Roc, M, et al. SAPHO syndrome and pamidronate revisited. Rheumatol (Oxford). (2005) 44:137. doi: 10.1093/rheumatology/keh466

127. Solau-Gervais, E, Soubrier, M, Gerot, I, Grange, L, Puechal, X, Sordet, C, et al. The usefulness of bone remodelling markers in predicting the efficacy of pamidronate treatment in SAPHO syndrome. Rheumatol (Oxford). (2006) 45:339–42. doi: 10.1093/rheumatology/kei160

128. Colina, M, La Corte, R, and Trotta, F. Sustained remission of SAPHO syndrome with pamidronate: a follow-up of fourteen cases and a review of the literature. Clin Exp Rheumatol. (2009) 27:112–5.

129. Delattre, E, Guillot, X, Godfrin-Valnet, M, Prati, C, and Wendling, D. SAPHO syndrome treatment with intravenous pamidronate. Retrospective study of 22 patients. Joint Bone Spine. (2014) 81:456–8. doi: 10.1016/j.jbspin.2014.01.017

130. Courtney, PA, Hosking, DJ, Fairbairn, KJ, and Deighton, CM. Treatment of SAPHO with pamidronate. Rheumatol (Oxford). (2002) 41:1196–8. doi: 10.1093/rheumatology/41.10.1196

131. Li, C, Zhao, Y, Zuo, Y, Zhou, Y, Zhang, F, Liu, S, et al. Efficacy of bisphosphonates in patients with synovitis, acne, pustulosis, hyperostosis, and osteitis syndrome: a prospective open study. Clin Exp Rheumatol. (2019) 37:663–9.

132. Guignard, S, Job-Deslandre, C, Sayag-Boukris, V, and Kahan, A. Pamidronate treatment in SAPHO syndrome. Joint Bone Spine. (2002) 69:392–6. doi: 10.1016/s1297-319x(02)00419-0

133. Wu, N, Zhao, Y, Tao, W, Wu, Z, Li, C, and Li, L. A single cohort, open-label study of the efficacy of pamidronate for palmoplantar pustulosis in synovitis, acne, pustulosis, hyperostosis and osteitis (SAPHO) syndrome. Clin Exp Rheumatol. (2020) 38:1263–4.

134. Marshall, H, Bromilow, J, Thomas, AL, and Arden, NK. Pamidronate: a novel treatment for the SAPHO syndrome? Rheumatol (Oxford). (2002) 41:231–3. doi: 10.1093/rheumatology/41.2.231-a

135. Liu, S, Yin, D, Lin, Z, Wei, S, and Li, C. Short-term efficacy of zoledronic acid in the treatment of 30 cases of SAPHO syndrome. Clin Exp Rheumatol. (2024) 42:205–6. doi: 10.55563/clinexprheumatol/zpgyz9

136. Ichikawa, J, Sato, E, Haro, H, Ando, T, Maekawa, S, and Hamada, Y. Successful treatment of SAPHO syndrome with an oral bisphosphonate. Rheumatol Int. (2009) 29:713–5. doi: 10.1007/s00296-008-0760-z

137. Kopterides, P, Pikazis, D, and Koufos, C. Successful treatment of SAPHO syndrome with zoledronic acid. Arthritis Rheum. (2004) 50:2970–3. doi: 10.1002/art.20464

138. Just, A, Adams, S, Brinkmeier, T, Barsegian, V, Lorenzen, J, Schilling, F, et al. Successful treatment of primary chronic osteomyelitis in SAPHO syndrome with bisphosphonates. J Dtsch Dermatol Ges. (2008) 6:657–60. doi: 10.1111/j.1610-0387.2008.06588.x

139. Soyfoo, MS, Gangji, V, and Margaux, J. Successful treatment of SAPHO syndrome with ibandronate. J Clin Rheumatol. (2010) 16:253. doi: 10.1097/rhu.0b013e3181e9be89

140. Gil, F, Mariano, P, Silva, S, Gil, J, and Eufémia Calmeiro, M. SAPHO syndrome: the value of classic drugs in the era of biologics. Dermatol Online J. (2020) 26(5):13030/qt28x3f2g6. doi: 10.5070/d3265048786

141. Deng, G, Chen, X, Shao, L, Wu, Q, and Wang, S. Effectiveness and safety of 99Tc-methylene diphosphonate as a disease-modifying anti-rheumatic drug (DMARD) in combination with conventional synthetic (cs) DMARDs in the treatment of rheumatoid arthritis: A systematic review and meta-analysis of 34 randomized controlled trials. Heliyon. (2023) 9:e21691. doi: 10.1016/j.heliyon.2023.e21691

142. Shao, S, Wang, W, and Qian, Y. SAPHO syndrome involving the mandible treated with 99Tc-MDP. J Craniofac Surg. (2020) 31:510–2. doi: 10.1097/scs.0000000000006161

143. Kim, HY, Kim, JW, Kim, SJ, Lee, SH, and Lee, HS. Uncertainty of current algorithm for bisphosphonate-related osteonecrosis of the jaw in population-based studies: a systematic review. J Bone Miner Res. (2017) 32:584–91. doi: 10.1002/jbmr.3017

144. Greydanus, DE, Azmeh, R, Cabral, MD, Dickson, CA, and Patel, DR. Acne in the first three decades of life: An update of a disorder with profound implications for all decades of life. Dis Mon. (2021) 67:101103. doi: 10.1016/j.disamonth.2020.101103




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Wang, Gu, Zheng, Jiang, Han, Huang, Wu and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.





Glossary

SAPHO: Synovitis, Acne, Pustulosis, Hyperostosis, and Osteitis

DMARDs: Disease-Modifying Anti-Rheumatic Drugs

IL-1β: Interleukin-1β

NLRP3: NOD-Like Receptor Thermal Protein Domain Associated Protein 3

TNF-α: Tumor Necrosis Factor-α

PPP: Palmoplantar Pustulosis

Th17: T-Helper 17

Treg: Regulatory T Cells

PSTPIP2: Proline-Serine-Threonine Phosphatase Interacting Protein 2

SA: Severe Acne

CLA: Cutaneous Lymphocyte-Associated Antigen

CCR6: Chemokine C-C Motif Receptor 6

FoxO1: Forkhead Box O1

CTM: Co-Trimoxazole

Ig: Immunoglobulin

VAS: Visual Analogue Scale

PPPASI: Palmoplantar Pustulosis Area and Severity Index

csDMARDs: Conventional Synthetic Disease-Modifying Anti-Rheumatic Drugs

bDMARDs: Biological Disease-Modifying Anti-Rheumatic Drugs

JAK/STAT: Janus Kinase/Signal Transducer and Activator of Transcription

NSAIDs: Nonsteroidal Anti-Inflammatory Drugs

OA: Osteoarthritis

CNS: Central Nervous System

IGD: Interstitial Granulomatous Dermatitis

IMDs: Immune-Mediated Diseases

LDL: Low-Density Lipoprotein

PDE-4: Phosphodiesterase 4

cAMP: Cyclic Adenosine Monophosphate

IFN-γ: Interferon-γ

RANK: Receptor Activator of Nuclear Factor-κB

MCSF: Macrophage Colony-Stimulating Factor

RANKL: Receptor Activator of Nuclear Factor-κB Ligand

OPG: Osteoprotegerin

GM-CSF: Granulocyte-Macrophage Colony-Stimulating Factor

BASDAI: Bath Ankylosing Spondylitis Disease Activity Index

Tc-MDP: Technetium Methylene Diphosphonate

BRONJ: Bisphosphonate-Related Osteonecrosis of the Jaw

BASFI: Bath Ankylosing Spondylitis Functional Index
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