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Abstract
[bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK3]Pyoderma gangrenosum (PG) is a neutrophilic dermatosis clinically characterized by the presence of painful skin ulcerations with erythematous. As it is frequently associated with inflammatory bowel diseases, including ulcerative colitis, gastroenterologists should be familiar with the disease including therapeutic options. Therefore, we have conducted a review focusing on the cytapheresis for PG in cases of inflammatory diseases. A literature search was conducted to extract studies published in the last 20 years, with information on demographics, clinical symptoms, treatment, and the clinical course from a total of 22 cases reported and our recent case. In most patients, cytapheresis was associated with improvement or resolution of PG after failure of conventional therapeutic options such as corticosteroids, antibiotics, immunosuppressive agents and immunoglobulin. Based on the information summarized, cytapheresis is helpful in the majority of patients with PG refractory to medical treatment associated with inflammatory bowel diseases and could be further studied in a multicenter, randomized trial. 
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Core tip: Pyoderma gangrenosum is one of the neutrophilic dermatoses often complicated with ulcerative colitis. The corticosteroid and other immune modulator have been used for the treatment, however, as its disease mechanism has not been clarified, there is no additional option for those who showed poor response and refractory to the conventional therapies. Based on the recent reports, we have summarized the clinical course of 23 cases and efficacy of cytapheresis. Although well-designed prospective clinical trials are essential to develop the evidences, however, the information could help physicians in the gastroenterology field to understand the disease and therapeutic options.

INTRODUCTION
[bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK7][bookmark: OLE_LINK90][bookmark: OLE_LINK91]Pyoderma gangrenosum (PG), an inflammatory disease, is one of the neutrophilic dermatoses[1]. It is clinically characterized by painful skin ulcerations with erythematous and undermined borders, and histologically by the presence of neutrophilic infiltrates in the dermis[1,2]. It can present in several variants to a variety of health professionals and may not always be easily recognized. The annual incidence of PG is estimated at 3-10 per million persons[1], and is mostly associated with ulcerative colitis (UC) and Crohn’s disease. Other association include rheumatoid arthritis (RA), seronegative arthritis, myelodysplastic syndrome, multiple myeloma, polycythemia vera, paraproteinemia, and leukemia[2]. 
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK94][bookmark: OLE_LINK95][bookmark: OLE_LINK12][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK102][bookmark: OLE_LINK103]Treatment of PG usually may include high-dose glucocorticoids (GC), dapsone, minocycline, methotrexate (MTX), cyclosporine (CsA), mycophenolate mofetil, intravenous immunoglobulin, tumor necrosis factor (TNF)-alpha inhibitors, and surgical options, usually colectomy[2,3]. Alternatively, granulocytapheresis (GCAP)/ granulocyte and monocyte apheresis (GMA), and leucocytapheresis (LCAP) are therapeutic strategies of extracorporeal immunomodulation that can selectively remove activated leukocytes from the peripheral blood[4-6]. Kanekura et al[7] reported the efficacy of GCAP/GMA for the first time in 2002 and this was supported by a report of LCAP in PG in 2003[8]. In 2017, Russo et al[9] firstly reported the efficacy of GCAP/GMA on PG other than the reports from Japan. For evaluating the efficacy of cytapheresis in PG treatment, we performed a literature review including all the case reports of PG associated with inflammatory bowel diseases (IBD) treated by cytapheresis, since 2002. We believe that the information summarized in this mini-review will help the management of patients with PG and perhaps result in more formal trials of this novel therapy. 

LITERATURE ANALYSIS
A literature search was conducted using PubMed, Ovid, and Ichushi provided by the Japan Medical Abstract Society, with the terms “cytapheresis”, “GMA”, “GCAP”, or “LCAP,” and “pyoderma gangrenosum” to extract the studies published in the last 20 years. The studies written in English and Japanese from relevant publications were selected. We have summarized the information on demographics, clinical symptoms, treatments, and the clinical courses from articles, including 22 case reports in Tables 1 and 2. 

EPIDEMIOLOGY
[bookmark: OLE_LINK88][bookmark: OLE_LINK89]The annual incidence of PG is estimated to be approximately 3-10 patients per million persons and it usually affects patients of ages 20-50 years, and females more commonly than males. Infants and adolescents account for only 4% of the cases[10]. The etiology and mechanisms causing PG is unknown; however, 50%-70% of cases are associated with other diseases, such as IBD, arthritis, and lymphoproliferative disorders. PG is believed to involve abnormal immune responses and, possibly, vasculitis[11]. IBD is the most common comorbidity in PG, and PG constitutes approximately 1%-3% of the extraintestinal manifestations in patients with IBD[12,13]. To verify the effect of cytapheresis on PG in IBD patients treated with GCAP/GMA, and LCAP[7-9,14-37] especially with IBD, we summarized 22 reported cases[8,14-17,20-29,31-37] and our case of PG (Table 1). the average age was 39.6 years (range, 19-73) and the ratio of males to females was 8:15 (Table 1) similar to the previous reports[1]. 

CLINICAL COURSE
Symptoms
[bookmark: _Hlk9918711][bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK34][bookmark: OLE_LINK35]The clinical course is unpredictable; it may not correlate with IBD activity and may even precede a diagnosis of IBD. PG most commonly affects the lower legs; however, PG at other sites of the body have been reported as well, including the breast, hand, trunk, head and neck, and peristomal skin. Overall, 25% of patients with PG have confirmed lesions on the head and neck[38,39]. We found that the clinical symptoms of PG were seen in all 23 cases and included the following distribution of the skin lesions: most of cases showed PG in lower limbs, followed by upper limbs, trunk, head and neck, buttocks, and site of postoperative wound (Table 1)[8,14-17,20-29,31-37]. Lower limb lesions were the most common lesions in these patients. The size of the skin lesions varied from 4 cm × 2 cm to 11 cm × 12 cm in diameter. PG is a painful and unsightly dermatologic disorder with the potential to significantly decrease a patient’s quality of life (QOL). 

Treatments 
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]A variety of drugs have been used to treat PG, including high-dose GC, dapsone, minocycline, MTX, CsA, mycophenolate mofetil, intravenous immunoglobulin, and TNF-alpha inhibitors[2,3]. The first-line of treatment for PG includes oral corticosteroids. In patients who do not respond, TNF-alpha inhibitors constitute the second-line of treatment[40]. Cytapheresis (GCAP/GMA and LCAP) has also been reported to be effective in PG for those cases refracted to GC. However, due to the small number of patients treated with cytapheresis and the unknown etiology, there is no established protocol of cytapheresis for PG. The clinical courses of case reports have been summarized in Table 2. Among the 23 cases, GC was used for 19 cases, CsA for 4 cases, diamino diphenyl sulfone for 1 case, salazosulfapyridine for 8 cases, 5-aminosalicylic acid for 6 cases, MTX for 2 cases, cyclophosphamide for 1 case, potassium iodide (PI) in 2 cases, and FK506 in 1 case, however, none of these 23 cases showed therapeutic effect on the ulcers[8,14-17,20-29,31-37]. 

CYTOPHERESIS
The 23 cases of cytapheresis included 18 cases of GCAP/GMA and 5 cases of LCAP (Tables 1 and 2)[8,14-17,20-29,31-37].

GCAP/GMA
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]GCAP/GMA is an extracorporeal apheresis technique in which a specialized column (Adacolumn, Japan Immunoresearch Laboratories, Takasaki, Japan) selectively traps activated granulocytes and monocytes/macrophages from the peripheral blood[41]. It was initially approved for the treatment of UC because it traps activated granulocytes[42,43]. Furthermore, it has been used in the treatment of several inﬂammatory diseases because neutrophils are crucial in their pathogeneses. A recent report demonstrated that the serum levels of inﬂammatory cytokines such as interleukin (IL)-1beta, IL-6, IL-8, and TNF-alpha were markedly reduced by GCAP/GMA along with downregulation of L-selectin and the chemokine receptor CXCR3[41]. GCAP/GMA has also been reported to be effective in other disorders that are attributable to activated neutrophils, including PG. To prove this phenomenon, clinical trials of GCAP/GMA in the treatment of various skin diseases such as psoriasis, RA, systemic lupus erythematosus (SLE), Sweet’s disease, and PG are underway[18]. The effect of the treatment was various in each case and the change of serum CRP levels between pre- and post-treatment was investigated (Table 2). There were no reports of major side effects; headache was reported as a side effect in only one case. In 4 of 23 cases (13%), recurrence was observed and in three of those cases, complete cure was not achieved during the recurrence. The reasons for the recurrence may involve the discontinuous of treatment before the confirmation of the complete healing of the ulcer.

LCAP
[bookmark: OLE_LINK44][bookmark: OLE_LINK45]LCAP is performed using a column designed to remove leukocyte contributing the inflammation, which is related to the activity of PG and UC[6]. The column is an extracorporeal perfusion type white blood cell apheresis unit. The column, Cellsorba (Asahi Kasei Medical, Tokyo, Japan), is composed of a filter within a filter, each composed of non-woven polyethylene terephthalate fabric, with both filters wound into a cylindrical shape and sealed with polyurethane. There were no reported adverse effects of LCAP, such as nausea, vomiting, and liver dysfunction, or recurrence of the lesions during the therapy[37]. The removal rate of activated granulocytes is 2-3 times that with GCAP/GMA. Furthermore, LCAP also has the ability to remove activated platelets, which irritate the granulocytes and release reactivated oxygen species[4]. We believe that LCAP may be a valuable tool in treating intractable PG in patients without lymphocytopenia and thrombocytopenia, however, due to the shortage of materials, it will not be able to be performed in Japan soon. 

DISCUSSION 
[bookmark: _i2][bookmark: OLE_LINK46][bookmark: OLE_LINK53]In terms of efficacy of cytapheresis, both GCAP/GMA and LCAP were effective treating PG that was resistant to steroids and other treatments. The ulcers of the lower extremities in PG result in gait disorders and significantly reduce QOL. In some cases, improvements in QOL have been reported following cytapheresis[24,26]. The frequency of LCAP in treating PG is less than that required with GCAP/GMA. Furthermore, the recurrence rate in LCAP is lower than that in GCAP/GMA. There were no reports of adverse side effects in both therapies; however, the number of cases is still small and further evaluations are necessary. The methods, advantages, and disadvantages of both GCAP/GMA and LCAP have been summarized in Table 3[4-6,37]. Both, GCAP/GMA and LCAP have a direct immunosuppressive effect by removing the activated leukocytes involved in the pathogenesis, an indirect anti-inflammatory action via complement activity, and result in functional improvements of regulatory T-cells. The main difference, however, is that LCAP has a high removal rate of not only granulocytes but also lymphocytes and activated platelets (Table 3). There were 4 cases of recurrences following several months after GCAP/GMA therapy[14,24,26,28]. On the other hand, LCAP was effective in all cases and there was no case of recurrence. Therefore, the therapeutic effect of LCAP in PG is presumed to be better. LCAP is considered to be more effective because the inflamed mucous membranes in UC with a long duration of illness are mainly elicited by the lymphocytes. Additionally, in cases of UC with deep and widespread ulcers, it has been reported that active platelets occlude and inhibit tissue regeneration[44]. Furthermore, in the peripheral blood of patients with RA and UC, microparticles derived from activated platelets increase and indirectly induce the release of chemokines and cytokines, which are important factors that cause thrombosis and inflammation[45]. By removing these platelets and microparticles, LCAP can prevent microvascular occlusion, promote tissue regeneration and epithelialization, and suppress cytokine-related inflammation[46]. Although the mechanism of cytapheresis in the treatment of PG is unknown, it has recently been reported that both neutrophils, on whose surface adhesion molecules such as Mac-1[19] and intercellular adhesion molecule-1 are expressed[47], and circulating levels of inflammatory cytokines such as IL-8 and granulocyte colony stimulating-factor decrease following GCAP/GMA therapy. Recently, Nomura et al[48] demonstrated in their retrospective study that cytapheresis was effective not only for inducing remission for UC itself but also for extra-intestinal dermal lesions of PG and erythema nodosum suggesting the efficacy of cytapheresis therapy for UC. The development of biologics for IBD will contribute to improve the various symptoms including PG, and therefore the further assessment and the accumulation of the cases are essential. 

CONCLUSION
In conclusion, for the cases of PG showing resistance to GC or other conventional therapies, cytapheresis with either GCAP/GMA or LCAP has the potential to be an effective and safe therapeutic option. It is clear; however, additional cases, information, and well-designed prospective clinical trials are necessary to develop the evidences to be one of the standardized therapies. From this point, our mini-review summarizing the cases of PG treated with cytapheresis will help physicians to understand the cytapheresis and treat cases with PG.

[bookmark: OLE_LINK81][bookmark: OLE_LINK82]REFERENCES
1 Cozzani E, Gasparini G, Parodi A. Pyoderma gangrenosum: a systematic review. G Ital Dermatol Venereol 2014; 149: 587-600 [PMID: 25213386]
2 Ahronowitz I, Harp J, Shinkai K. Etiology and management of pyoderma gangrenosum: a comprehensive review. Am J Clin Dermatol 2012; 13: 191-211 [PMID: 22356259 DOI: 10.2165/11595240-000000000-00000]
3 Goodarzi H, Sivamani RK, Garcia MS, Wehrli LN, Craven H, Ono Y, Maverakis E. Effective Strategies for the Management of Pyoderma Gangrenosum. Adv Wound Care (New Rochelle) 2012; 1: 194-199 [PMID: 24527305 DOI: 10.1089/wound.2011.0339]
[bookmark: OLE_LINK58][bookmark: OLE_LINK59]4 Seishima M. Optimization of granulocyte and monocyte adsorption apheresis in refractory skin diseases. J Environ Dermatol Cutan Allergol 2016; 10: 6-11
[bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK62][bookmark: OLE_LINK63]5 Seishima M. Leukocytapheresis: LCAP. J Soc Apher 2013; 32: 130-134
6 Kanekura T. Clinical and immunological effects of adsorptive myeloid lineage leukocyte apheresis in patients with immune disorders. J Dermatol 2018; 45: 943-950 [PMID: 29782055 DOI: 10.1111/1346-8138.14471]
7 Kanekura T, Maruyama I, Kanzaki T. Granulocyte and monocyte adsorption apheresis for pyoderma gangrenosum. J Am Acad Dermatol 2002; 47: 320-321 [PMID: 12140486 DOI: 10.1067/mjd.2002.120597]
8 Ohmori T, Yamagiwa A, Nakamura I, Nishikawa K, Saniabadi AR. Treatment of pyoderma gangrenosum associated with Crohn's disease. Am J Gastroenterol 2003; 98: 2101-2102 [PMID: 14499797 DOI: 10.1111/j.1572-0241.2003.07657x]
9 Russo I, Miotto S, Colpo A, Marson P, Tison T, Ferrazzi A, Alaibac M. Successful treatment of pyoderma gangrenosum with granulocyte and monocyte adsorption apheresis. Int Wound J 2017; 14: 282-284 [PMID: 27790848 DOI: 10.1111/iwj.12684]
10 Wittekindt C, Lüers JC, Klussmann JP, Hüttenbrink KB. Pyoderma gangrenosum in the head and neck. Arch Otolaryngol Head Neck Surg 2007; 133: 83-85 [PMID: 17224531 DOI: 10.1001/archotol.133.1.83]
11 Schwarz MB, Petroff MA, Anonsen CK. Pyoderma gangrenosum of the head and neck. Laryngoscope 1987; 97: 806-809 [PMID: 3600132]
12 Zippi M, Pica R, De Nitto D, Paoluzi P. Biological therapy for dermatological manifestations of inflammatory bowel disease. World J Clin Cases 2013; 1: 74-78 [PMID: 24303470 DOI: 10.12998/wjcc.v1.i2.74]
13 Hewitt D, Tait C. Use of infliximab in pyoderma gangrenosum. Australas J Dermatol 2007; 48: 95-98 [PMID: 17535196 DOI: 10.1111/j.1440-0960.2007.00344.x]
[bookmark: OLE_LINK66][bookmark: OLE_LINK67]14 Ishikawa H, Kumano T, Suzuki Y, Mabe K, Suzuki T, Momma S, Momma T. A case of successful treatment with granulocytapheresis (GCAP) for pyoderma gangrenosum complicating ulcerative colitis. Jap J Clin Dermatol 2004; 58: 1099-1101
15 Seishima M. Apheresis for Pyoderma Gangrenosum-Efficacy and Future problems of Granulocyte and Monocyte adsorption apheresis (GCAP) and Leukocytapheresis (LCAP). Jap J Apher 2008; 27: 158-163
[bookmark: OLE_LINK106][bookmark: OLE_LINK107]16 Yoneda K, Chino Y, Kamei K, Yamada T, Nagura K, You M. Four Cases of pyoderma gangrenosum associated with ulcerative colitis. Jap J Clin Dermatol 2005; 59: 263-266
17 Yanaru-Fujisawa R, Matsumoto T, Nakamura S, Kochi S, Iida M, Kohda F, Hirahashi M, Yao T, Mibu R. Granulocyte apheresis for pouchitis with arthritis and pyoderma gangrenosum after restorative proctocolectomy for ulcerative colitis: a case report. Inflamm Bowel Dis 2005; 11: 780-781 [PMID: 16043996 DOI: 10.1097/01.mib.0000172558.39767.b7]
18 Kanekura T, Kawahara K, Maruyama I, Kanzaki T. Treatment of pyoderma gangrenosum with granulocyte and monocyte adsorption apheresis. Ther Apher Dial 2005; 9: 292-296 [PMID: 16076369 DOI: 10.1111/j.1744-9987.2005.00284.x]
19 Okuma K, Mitsuishi K, Hasegawa T, Tsuchihashi H, Ogawa H, Ikeda S. A case report of steroid and immunosuppressant-resistant pyoderma gangrenosum successfully treated by granulocytapheresis. Ther Apher Dial 2007; 11: 387-390 [PMID: 17845399 DOI: 10.1111/j.1744-9987.2007.00498.x]
20 Seishima M, Mizutani Y, Shibuya Y, Nagasawa C, Aoki T. Efficacy of granulocyte and monocyte adsorption apheresis for three cases of refractory pyoderma gangrenosum. Ther Apher Dial 2007; 11: 177-182 [PMID: 17497998 DOI: 10.1111/j.1744-9987.2007.00424.x]
21 Fujino Y, Suzuki Y, Kohama R, Omoya T, Kitazoe K, Nakamoto J, Aoki H, Yano M, Sikiji T, Satake N. A case of Pyoderma Gangrenosum successfully treated by granulocytapheresis and steroid therapy. Tokushima J Med 2008; 30: 29-32
22 Kawakami T, Yamazaki M, Soma Y. Reduction of interleukin-6, interleukin-8, and anti-phosphatidylserine-prothrombin complex antibody by granulocyte and monocyte adsorption apheresis in a patient with pyoderma gangrenosum and ulcerative colitis. Am J Gastroenterol 2009; 104: 2363-2364 [PMID: 19727102 DOI: 10.1038/ajg.2009.271]
[bookmark: OLE_LINK179][bookmark: OLE_LINK180]23 Doi R, Haga T, Fujita A, Saito C, Takeuchi S, Matsuoka A, Kawakami T, Soma Y, Kouro T. Rinsho Derma 2010; 52: 585-587
24 Kobayashi S, Takeshita T, Furue M. A case of Pyoderma Gangrenosum with Ulcerative Colitis successfully treated with Granulocytapheresis, Skin grafting and Steroid therapy. Nishinihon J Dermatol 2011; 73: 474-477
25 Ikeda K, Hamada T, Otsuka M, Iwatsuki K. Beneficial effects of neutrophil-targeted therapy for pyoderma gangrenosum associated with ulcerative colitis. Eur J Dermatol 2011; 21: 804-805 [PMID: 21752760 DOI: 10.1684/ejd.2011.1461]
[bookmark: OLE_LINK122][bookmark: OLE_LINK123]26 Uchiyama K, Ukai Y, Wakabayashi M, Fujii N, Tachibana T, Tanaka T, Tajima S, Ueda E. A case of pyoderma gangrenosum effectively treated with granulocytapheresis. Practical Dermatology 2011; 33: 617-620
27 Uruchibara M, Ishii K, Kanto H, Ochi Y, Morita H, Ishiko A. A case of ulcerative colitis complicated with pyoderma gangrenosum and erythema nodosum successfully treated with tacrolimus and granulocytapheresis Practical Dermatology 2014; 36: 43-46
28 Izaki S, Terui T, Mizuno S, Moriyama M. A case of pyoderma gangrenosum treated with granulocytapheresis. Rinsho Derma 2014; 56: 556-557
29 Ohno M, Koyama S, Ohara M, Shimamoto K, Kobayashi Y, Nakamura F, Mitsuru K, Andoh A. Pyoderma Gangrenosum with Ulcerative Colitis Successfully Treated by the Combination of Granulocyte and Monocyte Adsorption Apheresis and Corticosteroids. Intern Med 2016; 55: 25-30 [PMID: 26726081 DOI: 10.2169/internalmedicine.55.5422.]
30 Mizutani Y, Okano T, Takahashi T, Ohnishi H, Ohara O, Sano A, Seishima M. Pyoderma Gangrenosum, Acne and Suppurative Hidradenitis Syndrome Treated with Granulocyte and Monocyte Adsorption Apheresis. Acta Derm Venereol 2017; 97: 275-276 [PMID: 27384061 DOI: 10.2340/00015555-2507]
31 Okada M, Okawa T, Takashima R, Higashiyama M. A case of successful treatment with Granulocytapheresis for Pyoderma Gangrenosum complicating Ulcerative Colitis. Skin Research 2017; 16: 150-154
32 Yamashita A, Nakayama C, Tashiro J, Miwa J. Ulcerative colitis accompanied by pyoderma gangrenosum successfully treated with granulocyte monocyte apheresis: A case report. ‎Prog Dig Endosc 2017; 90: 130-131
33 Murata M, Onishi Y, Ofuji J, Sato Y, Fukuda Y, Abe T, Kuroda Y, Iwaki H, Muguruma N, Okahisa T, Ito S, Tamaki M, Arase S. A case of ulcerative colitis complicated with pyoderma gangrenosum successfully treated with leukocytapheresis. ICU and CCU 2003; 27: 131-132
34 Fujimoto E, Fujimoto N, Kuroda K, Tajima S. Leukocytapheresis treatment for pyoderma gangrenosum. Br J Dermatol 2004; 151: 1090-1092 [PMID: 15541092 DOI: 10.1111/j.1365-2133.2004.06249.x]
35 Watanabe Y, Yamada H. Leukocyte adsorption apheresis for the treatment of pyoderma gangrenosum. J Dermatol 2008; 35: 792-794 [PMID: 19239562 DOI: 10.1111/j.1346-8138.2008.00572.x]
36 Hanafusa T, Azukizawa H, Umegaki N, Tani M, Yamaguchi Y, Katayama I. Clinical implications of leukocytapheresis using a centrifugal cell separator for steroid-resistant pyoderma gangrenosum associated with inflammatory bowel disease. J Dermatol 2011; 38: 507-510 [PMID: 21352279 DOI: 10.1111/j.1346-8138.2010.01009.x]
37 Ito A, Ikezawa Y, Okamura Y, Matsuura M, Osawa A, Yoshida T, Shimura G, Kuriyama H, Kakemizu N. Two cases of pyoderma gangrenosum (PG) successfully treated with leukocytapheresis (LCAP). Japanese Journal of Clinical Dermatology 2015; 69: 694-699
38 Powell FC, Schroeter AL, Su WP, Perry HO. Pyoderma gangrenosum: a review of 86 patients. Q J Med 1985; 55: 173-186 [PMID: 3889978]
39 Langan SM, Groves RW, Card TR, Gulliford MC. Incidence, mortality, and disease associations of pyoderma gangrenosum in the United Kingdom: a retrospective cohort study. J Invest Dermatol 2012; 132: 2166-2170 [PMID: 22534879 DOI: 10.1038/jid.2012.130]
40 Agarwal A, Andrews JM. Systematic review: IBD-associated pyoderma gangrenosum in the biologic era, the response to therapy. Aliment Pharmacol Ther 2013; 38: 563-572 [PMID: 23914999 DOI: 10.1111/apt.12431]
41 Saniabadi AR, Hanai H, Takeuchi K, Umemura K, Nakashima M, Adachi T, Shima C, Bjarnason I, Lofberg R. Adacolumn, an adsorptive carrier based granulocyte and monocyte apheresis device for the treatment of inflammatory and refractory diseases associated with leukocytes. Ther Apher Dial 2003; 7: 48-59 [PMID: 12921115]
42 Sawada K, Ohnishi K, Kosaka T, Fukui S, Yamamura M, Amano K, Satomi M, Shimoyama T. Leukocytapheresis therapy with leukocyte removal filter for inflammatory bowel disease. J Gastroenterol 1995; 30 Suppl 8: 124-127 [PMID: 8563873]
43 Shimoyama T, Sawada K, Hiwatashi N, Sawada T, Matsueda K, Munakata A, Asakura H, Tanaka T, Kasukawa R, Kimura K, Suzuki Y, Nagamachi Y, Muto T, Nagawa H, Iizuka B, Baba S, Nasu M, Kataoka T, Kashiwagi N, Saniabadi AR. Safety and efficacy of granulocyte and monocyte adsorption apheresis in patients with active ulcerative colitis: a multicenter study. J Clin Apher 2001; 16: 1-9 [PMID: 11309823]
44 Fukunaga K, Fukuda Y, Yokoyama Y, Ohnishi K, Kusaka T, Kosaka T, Hida N, Ohda Y, Miwa H, Matsumoto T. Activated platelets as a possible early marker to predict clinical efficacy of leukocytapheresis in severe ulcerative colitis patients. J Gastroenterol 2006; 41: 524-532 [PMID: 16868799 DOI: 10.1007/s00535-006-1789-y]
45 Beyer C, Pisetsky DS. The role of microparticles in the pathogenesis of rheumatic diseases. Nat Rev Rheumatol 2010; 6: 21-29 [PMID: 19949432 DOI: 10.1038/nrrheum.2009.229]
46 Yagi Y, Andoh A, Inatomi O, Bamba S, Tsujikawa T, Fujiyama Y, Mitsuyama K, Yoshida T. Modulation of platelet aggregation responses by leukocytapheresis therapy in patients with active ulcerative colitis. J Gastroenterol 2006; 41: 540-546 [PMID: 16868801 DOI: 10.1007/s00535-006-1797-y]
47 Kashiwagi N, Hirata I, Kasukawa R. A role for granulocyte and monocyte apheresis in the treatment of rheumatoid arthritis. Ther Apher 1998; 2: 134-141 [PMID: 10225715]
48 Nomura O, Osada T, Shibuya T, Ishikawa D, Haga K, Kodani T, Sakamoto N, Ogihara T, Yamaji K, Watanabe S. Efficacy of cytapheresis for remission induction and dermatological manifestations of ulcerative colitis. J Clin Apher 2018; 33: 21-28 [PMID: 28581039 DOI: 10.1002/jca.21555]


Footnotes
Conflict-of-interest statement: The authors declare that they have no current financial arrangement or affiliation with any organization that may have a direct influence on their work. 

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Corresponding Author's Membership in Professional Societies: American Association for the Study of Liver Diseases; and Asian Pacific Association of Gastroenterology.

Peer-review started: February 6, 2020 
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]First decision: February 26, 2020
Article in press:

Specialty type: Medicine, research and experimental
Country/Territory of origin: Japan
Peer-review report’s scientific quality classification
Grade A (Excellent): 0
Grade B (Very good): B
Grade C (Good): C
Grade D (Fair): 0
Grade E (Poor): 0

[bookmark: OLE_LINK68][bookmark: OLE_LINK69]P-Reviewer: Cibor D, Matowicka-Karna J S-Editor: Yang Y L- Editor: E- Editor:
21


Table 1 Clinical characteristics of cases treated with cytapheresis
	Case (number)
	Ref. 
	First authors
	Reporting year
	Age (yr)
	Gender
	The site of PG
	Associated disease
	Treatment before apheresis

	1
	[8]
	Ohmori T
	2003
	19
	M
	Buttocks and legs
	CD
	5-ASA

	2
	[14]
	Ishikawa H
	2004
	30
	M
	Abdomen, right iliac
	UC
	GC, CsA

	3
	[15]
	Murata M
	2004
	31
	M
	Right lower leg
	UC
	GC

	4
	[16]
	Yoneda K
	2005
	39
	F
	Face and head
	UC
	GC

	5
	[17]
	Yanar-Fujisawa R
	2005
	31
	F
	Left ankle and right knee
	UC
	GC

	6
	[20]
	Seishima M
	2007
	29
	F
	Lower bilateral legs
	UC
	GC, SASP

	7
	[21]
	Fujino Y
	2008
	55
	F
	Lower bilateral legs
	UC
	GC, 5-ASA

	8
	[22]
	Kawakami T
	2009
	19
	M
	Head
	UC
	GC, SASP

	9
	[23]
	Doi R
	2010
	19
	M
	Forehead
	UC
	GC, SASP

	10
	[24]
	Kobayashi S
	2011
	29
	M
	Right lower leg
	UC
	GC, SASP

	11
	[25]
	Ikeda K
	2011
	36
	F
	Lower leg, neck and upper trunk
	UC
	GC

	12
	[26]
	Uchiyama K
	2011
	50
	F
	Lower limbs
	UC
	GC

	13
	[27]
	Urushibara M
	2014
	44
	F
	Back, left leg
	UC
	GC, 5-ASA, FK506

	14
	[28]
	Izaki S
	2014
	49
	F
	Forearms
	UC
	SASP, PI

	15
	[29]
	Ohno M
	2016
	36
	F
	Lower limbs
	UC
	SASP

	16
	[31]
	Okada M
	2017
	71
	F
	Buttocks
	UC
	GC, 5-ASA

	17
	[32]
	Yamashita A
	2017
	30
	F
	Top of the foot
	UC
	5-ASA

	18
	 NA
	Our Case
	2018
	57
	M
	Left lower leg
	UC
	GC, 5-ASA

	19
	[33]
	Murata M
	2003
	19
	F
	Lower left leg
	UC
	GC

	20
	[34]
	Fujimoto E
	2004
	42
	M
	Legs
	UC
	GC, SASP

	21
	[35]
	Watanabe Y
	2008
	60
	F
	Left dorsal femur
	UC
	GC, DDS, CsA

	22
	[36]
	Hanafusa T
	2011
	73
	F
	Sternum and chest
	IBD, breast cancer
	GC, DDS, CsA

	23
	[37]
	Ito A
	2015
	43
	F
	Lower left leg
	UC
	GC, SASP


M: Male; F: Female; IBD: Inflammatory bowel disease; CD: Crohn's disease; UC: Ulcerative colitis; RA: rheumatoid arthritis; MDS: Myelodysplastic syndromes; GC: Glucocorticoid; SASP: Salazosulfapyridine; 5-ASA: 5-aminosalicylic acid; CsA: Cyclosporine; DDS: Diamino diphenyl sulfone; NA: Not available.


Table 2 Clinical course of the cases
	Case (number)
	Type of apheresis
	Ulcer before the treatment
	Number of therapies
	CRP mg/dL, (before, after)
	WBC /μL, (before, after)
	Neutrophils %, (before, after)
	Clinical courses
	Side effect
	Relapse (follow up)

	1
	GCAP
	NA
	10
	19.9, 0.6
	17900, 4700
	NA
	Ulcer was fully re-epithelialized after 10 weeks.
	NA
	NA

	2
	GCAP
	NA
	5
	2.91, negative
	NA
	NA
	Complete healing after 5th treatment.
	Mild headache
	Yes (5 mo)

	3
	GCAP
	NA
	5
	NA
	NA
	NA
	Improve after 5th treatment.
	NA
	NA

	4
	GCAP
	NA
	NA
	NA
	NA
	NA
	Symptoms were relieved with frequent GCAP and granulocytopenic therapy.
	NA
	-

	5
	GCAP
	NA
	5
	NA
	NA
	NA
	Complete healing after 5th treatment.
	NA
	-

	6
	GCAP
	9 cm
	10
	NA
	NA
	NA
	Pain relieved 2nd treatment; ulcers were re-epithelialized after 4th treatment. 
	None
	-

	7
	GCAP
	NA
	10
	7.1, negative
	NA
	NA
	Ulcer was fully re-epithelialized after 9th treatment.
	NA
	-

	8
	GCAP
	NA
	NA
	NA
	NA
	NA
	Complete healing after the treatment.
	NA
	-

	9
	GCAP
	NA
	11
	NA
	NA
	NA
	Ulcer was fully re-epithelialized one month after the 1st treatment.
	NA
	-

	10
	GCAP
	NA
	5
	NA
	NA
	NA
	Ulcer improved partly but remained.
	NA
	Yes (2 mo)

	11
	GCAP
	7 cm
	5
	13.71, 0.21
	NA
	NA
	Ulcer improved after 5th treatment.
	None
	No (6 mo)

	12
	GCAP
	6.5 cm
	10
	NA
	NA
	NA
	Ulcer was fully re-epithelialized 3 month after the 10th treatment.
	NA
	Yes (6 mo)

	13
	GCAP
	NA
	10
	12.1, negative
	NA
	NA
	Ulcer was fully re-epithelialized after the 10th treatment.
	NA
	-

	14
	GCAP
	NA
	5
	NA
	NA
	NA
	Ulcer improved 2 months after the 5th treatment.
	NA
	2 times (1 mo, 2 mo)

	15
	GCAP
	NA
	10
	6.53, negative
	NA
	NA
	Ulcer and symptoms improved after 3rd treatment.
	None
	-

	16
	GCAP
	3.1 cm
	10
	NA
	NA
	NA
	Ulcer was fully re-epithelialized 2 months after the 1st treatment. 
	None
	No (2 yr)

	17
	GCAP
	NA
	10
	4.73, negative
	NA
	NA
	Ulcer was fully re-epithelialized after the 10th treatment.
	NA
	-

	18
	GCAP
	7 cm
	10
	0.45, 0.04
	12310, 7490
	74.9, 89.0
	Ulcer was partly re-epithelialized after the 10th treatment.
	None
	No (4 yr)

	19
	LCAP
	NA
	5
	7.76, negative
	NA
	NA
	Ulcer was partly re-epithelialized after the 3rd treatment.
	NA
	-

	20
	LCAP
	NA
	5
	1.3, 0.3
	10400, 6400
	88, 60
	Ulcer was fully re-epithelialized after the 3rd treatment.
	None
	No (4 mo)

	21
	LCAP
	4 cm
	4
	6.6, 0.1
	10800, 9100
	84, 90
	Skin lesion improved 3 months after the 4th treatment. 
	NA
	-

	22
	LCAP
	7 cm
	10
	4.7, 1.3
	11900, 7140
	NA
	Ulcer was fully re-epithelialized after the first round of LCAP, recurred with the tapering of PSL during the 2nd period of LCAP.
	NA
	No (2 yr)

	23
	LCAP
	NA
	10
	22.46, negative
	NA
	NA
	Ulcer and symptoms improved after 10th treatment.
	NA
	No


GCAP: Granulocytapheresis; LCAP: Leukocytapheresis; CRP: C-reactive protein; WBC: White blood cell; NA: Data not available.


Table 3 Summary of cytapheresis
	Treatment
	Adsorbent
	Blood volume
	Common mechanism
	Advantages/ features
	Diseases
	Contraindications
	Major adverse events reported

	GCAP/GMA
	Cellulose acetate
	1.5-2.0 L
	Mobilization of naive　leukocytes by activated leukocyte removal;
Inhibition of Cellular Invasion of Activated Leukocytes;
Suppression of inflammatory cytokines, increase of anti-inflammatory cytokines
	High specificity for removing WBCs. 30%-50% removal of granulocytes and monocytes, and approximately 6% removal of lymphocytes.
	Ulcerative colitis;
Crohn's disease;
Pustular psoriasis;
Pyoderma Gangrenosum
	Granulocyte < 2000/mm3 associated with infection
	Allergic symptoms;
Nausea;
Fever;
Aabdominal oppression;
Headache


	LCAP
	Polyethylene-telephthalate
	2.0-4.0 L
	
	High efficiency for removing WBCs.
Almost all granulocytes and monocytes, and 40%-60% of lymphocytes and platelets can be removed. 
Increase of naive T cells can be seen and its therapeutic effect can be expected by suppressing antibody production and immune reaction.
	Ulcerative colitis;
Rheumatoid arthritis
	Treatment with angiotensin-converting enzyme inhibitors
	


GCAP: Granulocytapheresis; LCAP: Leukocytapheresis; WBC: White blood cell.
