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Abstract

Pyoderma gangrenosum is a rare inflammatory skin disease classified within the group of neutrophilic dermatoses and clini-
cally characterized by painful, rapidly evolving cutaneous ulcers with undermined, irregular, erythematous-violaceous edges.
Pyoderma gangrenosum pathogenesis is complex and involves a profound dysregulation of components of both innate and
adaptive immunity in genetically predisposed individuals, with the follicular unit increasingly recognized as the putative
initial target. T helper 17/T helper 1-skewed inflammation and exaggerated inflammasome activation lead to a dysregulated
neutrophil-dominant milieu with high levels of tumor necrosis factor-a, interleukin (IL)-1p, IL-1a, IL-8, IL-12, IL-15, IL-17,
IL-23, and IL-36. Low-evidence studies and a lack of validated diagnostic and response criteria have hindered the discovery
and validation of new effective treatments for pyoderma gangrenosum. We review established and emerging treatments for
pyoderma gangrenosum. A therapeutic algorithm based on available evidence is also provided. For emerging treatments,
we review target molecules and their role in the pathogenesis of pyoderma gangrenosum.

. Pyoderma gangrenosum (PG) is a rare debilitating inflam-
Treatment of pyoderma gangrenosum is mostly based on L .. . .
. . matory skin disease clinically characterized by painful, rap-
clinical experience.

idly evolving cutaneous ulcers with undermined, irregular,

Treatment of pyoderma gangrenosum is often challeng- erythematous-violaceous edges [1-3]. First described by
ing and continues to rely on immunosuppressive therapy Brocq and Simon in 1908 as “phagédénisme géométrique”
as the main cornerstone. [4] and subsequently renamed by Brunsting et al. in 1930

[5], PG represents the prototype of neutrophilic dermatoses
and is currently classified within deep/hypodermal neutro-
philic dermatoses [6], with a worldwide estimated incidence
of 3—-10 cases/million people/year [1, 7]. Several clinical
Carlo Alberto Maronese, Matthew A. Pimentel and May M. Li variants have been described, including classic ulcerative,
contributed equally to this work. bullous, pustular, vegetative, peristomal, and postoperative
[1]. Bullous PG is hallmarked by blisters that are present at
onset and later evolve into ulcerative lesions [8]. Vegetating

Increased understanding of the molecular basis for pyo-
derma gangrenosum will lead to the discovery of new
effective targeted therapies.
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Hidradenitis), and in a small proportion of SAPHO (Syno-
vitis, Acne, Pustulosis, Hyperostosis, and Osteitis) cases [ 10,
11].

Diagnostic criteria for classic ulcerative PG have recently
been validated by means of a Delphi consensus of interna-
tional experts [2]. Another set of criteria, the PARACELSUS
score, has been proposed by a German group, particularly
for the differential diagnosis with venous leg ulcers [3].

The pathogenesis of PG is complex and involves a pro-
found dysregulation of components of both innate and
adaptive immunity, with the follicular unit increasingly
recognized as the putative initial target [12]. Following
antigenic priming in predisposed individuals, T helper
(Th)17/Th1 skewing [13] leads to the establishment of
a neutrophil-dominant, self-maintaining, autoinflamma-
tory milieu, with elevated levels of tumor necrosis factor-
alpha (TNF-a), interleukin (IL)-1p, IL-1a, IL-8, IL-12,
IL-15, IL-17, IL-23, and IL-36 [14, 15]. Indeed, patho-
genic variants of genes involved in inflammasome forma-
tion, including PSTPIP1, MEFV, NLRP3, NLRP12, and
NOD?2, leading to an exaggerated release of IL-1f, have
been documented in both syndromic (e.g., PAPA) and spo-
radic cases of PG [16, 17]. Unsurprisingly, trauma (i.e.,
pathergy) is among the best documented trigger factors of
PG, as it entails the release of PG-driving cytokines such
as IL-36 and IL-8 from keratinocytes, an event that may be
sufficient in the setting of concurrent genetic predisposi-
tion [1]. Complement system, and particularly neutrophil-
attractant anaphylatoxin C5a [18, 19], NETosis, regula-
tory T-cell unbalance [20], B cells as well as fibroblasts
and monocytes/macrophages all add to the multi-layered
pathophysiology of PG [21].

Although PG pathogenesis remains incompletely eluci-
dated, our understanding of its molecular underpinnings
will pave the way for targeted treatments. To date, the
majority of published studies on the treatment of PG are
of low clinical evidence (level 3-5), i.e., retrospective

case-series and single case reports, with only a few con-
trolled clinical trials (Table 1). Further, there remains an
unmet need for studies that assess treatments in refrac-
tory or recurrent PG, as well as the optimal duration of
therapy once healing has been reached. Moreover, the lack
of standardized outcomes has hampered the comparabil-
ity of PG clinical trials. The main therapeutic options for
classic PG include those listed by Garcovich et al. [22].
Moreover, evidence from a large, multicenter, retrospec-
tive cohort study as well as an expert survey study shows
that patients with PG receive an average of two different
systemic agents, underlining the importance of combina-
tion treatment regimens in real-life clinical practice [23,
24]. In a prospective study, additional use of systemic
immunomodulators has been associated with healing [25].
The main treatment options discussed in the following
paragraphs are summarized in Table 2.

2 Classical Immunosuppressive
and Immunomodulating Drugs

2.1 Systemic Corticosteroids (Level of Evidence 1B)
[First-Line Treatment]

The anti-inflammatory action of corticosteroids (CS) is
attributed to their transcription-altering effects, and to
NF-xB inhibition particularly, with subsequent downregu-
lation of many proinflammatory cytokines, chemokines,
and cell adhesion molecules [26]. The rapid onset of action
has made systemic CS a first-line option in PG [27].
Treatment with systemic CS (dose 0.5-1 mg/kg/day)
induces a clinical response in about 40-50% of cases [28],
with widely variable complete response rates depending
on associated systemic diseases and PG severity [29].
Once healing has been reached, the CS dose can be tapered
over a variable time period (4—-6 weeks to 12—-24 weeks),

Table 1 Levels of evidence for Level Type of evidence

therapeutic studies adapted from
the Centre for Evidence-Based 1A
Medicine, http://www.cebm.net 1B

1C All or none study

Systematic review (with homogeneity) of randomized controlled trials
Individual randomized controlled trial (with narrow confidence intervals)

2A Systematic review (with homogeneity) of cohort studies

2B Individual cohort study (including low-quality randomized controlled trial, e.g., < 80% follow-up)

2C “Outcomes” research; ecological studies

3A Systematic review (with homogeneity) of 3B or lower level studies

3B Individual case-control study
Case series (and poor-quality cohort and case-control study)
5 Expert opinion without explicit critical appraisal or based on physiology bench research or “first
principles”
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according to clinical course, comorbidities, and the risk of
relapse [30]. Pulse therapy with 1000 mg of intravenous
methylprednisolone for 3-5 consecutive days, followed
by oral CS, may have a faster onset of action and may
also help taper oral CS [27, 31]. As complete remission
is achieved only in 40% and relapse prevention only in
20% of those with multi-lesional PG, it is recommended
to combine systemic CS with immunosuppressive/immu-
nomodulatory adjuvants in severe cases, with the most
common agent being cyclosporine [30].

2.2 Cyclosporine (Level of Evidence 1B) [First-Line
Treatment]

Cyclosporine is an immunosuppressive drug used as a
first-line choice for PG treatment. Cyclosporine is a cal-
cineurin inhibitor that hampers the synthesis of ILs, in
particular IL-2, which is crucial in blocking T-lymphocyte
activation [32].

A multicenter randomized controlled trial, the Study of
Treatments fOr Pyoderma GAngrenosum Patients (STOP
GAP), was conducted to compare prednisolone and cyclo-
sporine, i.e., the two first-line treatment options for PG.
In the STOP GAP trial, patients either received oral pred-
nisolone 0.75 mg/kg/day or cyclosporine 4 mg/kg/day.
Limitations of this study included the possibility of PG
misdiagnosis as no diagnostic framework for PG was used
as well as the inclusion of mostly mild PG cases. There
was no difference between the two treatments in terms
of speed of healing over 6 weeks, time to healing, treat-
ment response, inflammation resolution, pain, quality of
life, treatment failures, and time to recurrence. Of note,
almost half of the enrolled patients receiving systemic
CS or cyclosporine did not obtain healing of PG ulcers at
6 months, and almost a third of patients in both treatment
groups developed a disease recurrence, with a median time
to recurrence of 582 days in both groups. Additionally,
about two thirds of patients experienced adverse effects in
each group. The choice of prednisolone vs cyclosporine
depends on patients’ comorbidities. Pre-existing condi-
tions favoring prednisolone over cyclosporine include
renal insufficiency or malignancy. Whereas patients with
obesity, diabetes mellitus, osteoporosis, peptic ulcer dis-
ease, or a history of mental illness may benefit from using
cyclosporine over prednisolone. Pre-existing hypertension
also favors prednisolone usage, although with caution [33].
A subsequent cost-effectiveness analysis recommended
cyclosporine for the treatment of patients with large PG
ulcers (size > 20 cm?) [34].

Cyclosporine also proved effective in a case series of
26 patients with classical ulcerative PG. The study utilized
the term episodes, defined from the appearance of lesion(s)

until complete skin healing. Twenty-two patients had 51
episodes of PG and they received a mean dose of 4.9 mg/
kg/day of cyclosporine with a mean treatment duration of
14 weeks. Forty-nine episodes achieved complete healing
and the remaining two episodes achieved partial response.
Monotherapy was utilized in 22 of the 51 episodes and the
cyclosporine with prednisone combination was used in 13
episodes. Although most episodes resulted in completed
healing, 14 patients experienced relapse when cyclosporine
was tapered or discontinued [35].

A study of 21 patients highlighted the benefits of com-
bining cyclosporine and prednisone in treating multi-
lesional PG. Four patients with multi-lesional PG, refrac-
tory to systemic corticosteroid monotherapy, healed and
achieved remission after the addition of cyclosporine.
Three patients with disseminated PG achieved complete
response, with two remaining in remission at the time of
follow-up [30].

Overall, and also in our experience, cyclosporine is highly
effective in treating classical ulcerative PG and should also
be considered a first-line option for PG [30, 35].

2.3 Methotrexate (Level of Evidence 4)

Methotrexate (MTX) is an immunomodulating drug widely
used for the treatment of chronic inflammatory skin diseases.
Its mechanisms of action include: (i) increased adenosine
release, which inhibits many inflammatory and immune
responses; (ii) nitric oxide synthase uncoupling, which trans-
lates into an enhanced sensitivity of T cells to apoptosis;
and (iii) increased expression of long intergenic non-coding
RNA p21, which in turn modulates a variety of immune and
inflammatory signaling pathways [36].

Evidence concerning MTX for the treatment of PG
is mostly limited to isolated reports where it has been
employed as a steroid-sparing agent, either alone [37, 38]
or in combination with other immunosuppressant/immu-
nomodulating drugs [39] and/or biologics [40, 41].

Combination therapy with MTX, dapsone, systemic CS,
and minocycline was shown to be effective and well toler-
ated in a case of classic, genetically proven PAPA syndrome.
Although maintenance was with MTX and dapsone alone, it
may be difficult to dissect the relative contribution of MTX
[39]. Maintenance MTX therapy was also successful in a
patient with PG and comorbid psoriasis/psoriatic arthritis,
after disease control was achieved by means of cyclosporine
and systemic CS [42].

Interestingly, whereas systemic oral MTX plus systemic
CS failed to determine a response, a switch to intralesional
MTX injected weekly along the ulcer border led to a dra-
matic improvement in a patient with classic ulcerative PG,
with almost complete healing by the seventh week of therapy
[43].
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Furthermore, MTX may serve as a useful rescue therapy
for patients with severe PG developing human anti-chi-
meric antibodies to infliximab. Indeed, Wang et al. showed
improvement and even remission after the introduction of
MTX in three patients (two with PG and hidradenitis suppu-
rativa and one with PG alone) treated with infliximab, who
had developed antichimeric antibodies [40]. In our experi-
ence, MTX is best used as an adjuvant option in patients
with PG with a concomitant neoplasm in which cyclosporine
and other immunosuppressants as well as biologics are
contraindicated.

2.4 Mycophenolate Mofetil (Level of Evidence 2B)

Mycophenolate mofetil (MMF) is an immunosuppressive
agent that was originally approved for preventing acute renal
allograft rejection but then became known as an option for
immune-mediated skin diseases. It acts by inhibiting ino-
sine monophosphate dehydrogenase in the de novo purine
synthesis pathway to interfere with the production of
guanosine triphosphate. The lack of guanosine nucleotides
subsequently impairs RNA, DNA, and protein synthesis.
Lymphocytes lack the purine salvage pathway, which is
an alternative way to replenish adenosine and guanosine.
Therefore, MMF selectively decreases lymphocyte prolif-
eration without interfering with other cells. By prevent-
ing lymphocyte and monocyte glycoprotein glycosylation,
MMF may also alter adhesion dynamics to endothelial cells,
thereby inhibiting the recruitment of leukocytes to sites of
inflammation [44, 45].

Mycophenolate mofetil has been evaluated as a first-line
or second-line steroid-sparing agent in patients with PG.
In one retrospective chart review of 26 patients, MMF was
started at 1 or 2 g daily with a maintenance dose of 2 or
3 g daily. The average treatment length was around 1 year.
Almost 85% of patients demonstrated clinical improve-
ment, with 13 patients achieving complete ulcer healing.
All patients were taking concomitant prednisolone, 15 were
taking another immunomodulatory medication, several
others were taking another immunosuppressant for their
comorbid conditions, and many took a tetracycline antibi-
otic. The starting dose of prednisolone was 40 mg daily and
was tapered to 18 mg daily by the end of the study or when
MMF was ceased. While a little over half of the patients
experienced side effects, most were minor gastrointestinal
upsets. Mycophenolate mofetil was the main form used, but
mycophenolate sodium was used if MMF was not tolerated
[46]. Similar findings regarding the efficacy, safety, and tol-
erability of MMF have been documented also in smaller case
series and case reports, even in the setting of severe, tendon-
exposing, refractory PG [47, 48] or if patients declined bio-
logic treatment [49].

A\ Adis

2.5 Azathioprine (Level of Evidence 4)

Azathioprine has been used in dermatology for several
decades to treat immunobullous diseases. It acts by dis-
rupting purine synthesis, which can selectively decrease
lymphocyte counts as lymphocytes lack the purine salvage
pathway. Moreover, azathioprine impairs T-cell activation
and decreases circulating monocytes in a dose-dependent
manner [50, 51]. Azathioprine may be helpful in treating
refractory/severe PG, as a corticosteroid-sparing agent or as
an alternative to first-line treatments [52]. It is also a good
choice in patients with underlying IBD [27]. Complete ulcer
healing was noted in a patient with diffuse prednisolone-
refractory PG 3 weeks after initiation of azathioprine [53].
Azathioprine is generally well tolerated, and it has a more
favorable therapeutic index compared with traditional immu-
nosuppressants [54, 55]. The most common side effects
are gastrointestinal upsets, such as nausea, vomiting, and
diarrhea. Rarer adverse effects include hepatotoxicity and
myelosuppression, which is why it is important to monitor
transaminase levels and blood count [27, 50]. Thiopurine
methyltransferase deficiency will lead to the accumulation
of thioguanine nucleotides, which is related to hematopoietic
toxicity [50]. Individual levels of thiopurine methyltrans-
ferase activity should ideally dictate the dosage requirements
to help improve therapeutic benefits while decreasing risks
for adverse effects. In our experience, azathioprine is used
mainly as an adjuvant treatment in patients who have another
indication, such as IBD.

2.6 Systemic Tacrolimus (Level of Evidence 4)

Tacrolimus reduces the transcription of proinflammatory
cytokines by binding to the FK-binding proteins in the
cytoplasm, which associate with calcium-dependent cal-
cineurin/calmodulin complexes, to interfere with lympho-
cyte signal transduction. It has also been found to be more
potent than dexamethasone and cyclosporine A, common
first-line options, in inhibiting T-cell activation-induced
TNF-a and IL-1p production by human peripheral blood
mononuclear cells [54].

In a study of four patients, the efficacy of systemic tac-
rolimus was evaluated for classic ulcerative PG resistant to
conventional therapy. All patients had a dramatic reduction
in pain, erythema, and drainage within 1 week of treatment
initiation. Three of four patients were able to achieve com-
plete healing within 4-8 weeks [55].

In another report, two patients diagnosed with refrac-
tory PG were successfully treated with systemic tac-
rolimus. Both patients were started on a treatment regi-
men consisting of 30 mg/day of prednisolone combined
with 2 mg/day of tacrolimus. The first patient healed in
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3 months and the second patient’s ulcer decreased to a
negligible size in 6 months [56].

Potential adverse effects of tacrolimus include hyper-
kalemia, hypomagnesemia, elevation in serum creatinine
and blood urea nitrogen, and arterial hypertension. It is
crucial to monitor its blood concentrations and blood pres-
sure and adjust the dosage as needed.

2.7 Dapsone (Level of Evidence 2B)

Dapsone is a sulfone that has established itself as a first
choice in many inflammatory skin diseases with predomi-
nant neutrophil and/or eosinophil accumulation [57]. It
causes disruption of neutrophil adhesion and chemotaxis,
inhibition of myeloperoxidase-induced oxidative burst,
and production of damaging reactive oxygen species. The
use of dapsone to treat PG has been sparsely reported in
some case reports, and small reviews [22]. Indeed, in a
retrospective series of 27 patients with PG, oral dapsone
was used as an adjuvant in conjunction with systemic,
topical, or intralesional therapies. Systemic CS were the
most common concurrent therapy, followed by antibi-
otics, cyclosporine, and TNF-a inhibitors. Despite the
96.9% response rate, only 15.6% of patients achieved a
complete response. The average time to initial response
was 5.3 weeks. Unfortunately, around a third of patients
developed adverse effects, the most frequent being hemo-
lytic anemia [58].

In our experience, dapsone works well in superficial/
epidermal NDs, such as Sneddon-Wilkinson disease
or amicrobial pustulosis of the folds, but is usually less
effective in deep/hypodermal NDs, such as PG [6, 59,
60]. However, we favor the use of dapsone as adjuvant
treatment.

2.8 Colchicine (Level of Evidence 4)

Colchicine has been reported to be successful in the manage-
ment of neutrophilic dermatoses, such as Sweet syndrome
or Behget’s disease, making it appealing also for PG. Col-
chicine disrupts microtubule polymerization, thereby per-
turbing intracellular trafficking, chemokine secretion, cell
migration, and cell division among many others. Its main
appeal in PG treatment relies on the inhibition of innate
immunity, NALP3 inflammasome assembly, and caspase 1
activation. At low concentrations, its effect on microtubules
inhibits neutrophil recruitment and prevents neutrophil adhe-
sion, whereas, at slightly higher concentrations, it can also
inhibit neutrophil activation and the release of proinflam-
matory cytokines, such as IL-1, IL-8, and superoxide [61].

There are limited cases reporting the use of colchicine
in PG. Low-dose colchicine monotherapy resulted in rapid

regression of multiple 2-3 cm ulcers in two patients with
refractory PG. Both patients tapered their colchicine without
recurrence after 2 years and 6 months, respectively [62].

2.9 Thalidomide (Level of Evidence 4)

Thalidomide has been shown to be effective in treat-
ing refractory PG in many case reports. It may modulate
NF-kB-related proinflammatory cytokines and chemokines,
and reduce CD8+ T cells. Thalidomide can also selectively
inhibit TNF-a production from monocytes [63].

Case reports show that it can be used in the case of pri-
mary or idiopathic PG when traditional treatments fail. It has
been proposed as monotherapy [64] or in combination with
CS or immunomodulatory agents, such as dapsone [65, 66].
Reported dosages of thalidomide range from 100 to 400 mg/
day [66]. It is important to keep in mind the teratogenicity
of thalidomide and the rare side effect of peripheral neu-
ropathy [66].

2.10 Intravenous Immunoglobulin (Level
of Evidence 3A)

Intravenous immunoglobulin (IVIG) has been utilized as
an adjunct steroid-sparing agent and has shown success in
treating refractory PG. In particular, IVIG has been used as
a second-line systemic therapy for disseminated or moder-
ate-to-severe PG [22]. Intravenous immunoglobulin is an
appealing option because PG comorbidities may underlie
contraindications to other, more commonly used systemic
therapies. The anti-inflammatory actions of IVIG include:
hampering of immune complex-mediated activation of
FcyRs; half-life reduction of circulating antibodies through
neonatal Fc receptor binding; blockade of complement acti-
vation; disruption of auto-reactive T-cell/antigen-presenting
cell interactions; restoring balance of proinflammatory and
anti-inflammatory cytokines; and downregulation of antibody
production [67].

In a retrospective case series, 88% of patients responded
to IVIG as adjunct therapy, with 53% achieving complete
response after an average treatment length of 5.9 months.
Mean time to initial response was 3.5 weeks. The most com-
mon concurrent therapy was systemic CS. Of note, the time
to initial response was reduced with increasing IVIG dose
(> 2 g/kg), although the dosage did not have the same bene-
ficial effect on overall treatment length [68]. A retrospective
study sought to determine the effects of IVIG incorporation
in patients with treatment-resistant PG. A statistically sig-
nificant improvement in complete healing with the addition
of IVIG to treatment regimens was found in patients who
had one resistant ulcer and no comorbidities compared with
those with multiple refractory ulcers. The most common
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concurrent medication leading to complete healing was
cyclosporine [69].

In addition to its use as an adjuvant option, IVIG has also
been documented to be an alternative steroid-sparing agent
[70]. The range of dosages reported include 0.4 g/kg/day up
to 2 g/kg/day and 2-5 consecutive day monthly infusions.
The treatment length ranged from 3 to 11 months [70]. In
our experience, IVIG is an adequate alternative in patients
with PG with repetitive and concomitant severe infections,
particularly skin/soft-tissue infections and sepsis.

2.11 Granulocyte and Monocyte Adsorption
Apheresis (Level of Evidence 4)

Granulocyte and monocyte adsorption apheresis (GMCAP)
was first reviewed for use in ulcerative colitis. It uses an
extracorporeal column filled with cellulose acetate beads
that can adsorb granulocytes and monocytes [71]. The abil-
ity to reduce the amount of circulating leukocytes can help
decrease inflammation and tissue damage that can be caused
by the recruitment of neutrophils in PG.

Some cases have shown the effectiveness of GMCAP in
treating refractory PG as monotherapy or in combination
with systemic CS. The successful regimens included ten
sessions of GMCAP at either 5-day or 7-day intervals [72].
No adverse events were reported but thromboembolism was
noted as a potential adverse effect of GMCAP [73].

3 Biologics

3.1 Tumor Necrosis Factor-Alpha Inhibitors (Level
of Evidence 1B)

Tumor necrosis factor-a is a key proinflammatory pleio-
tropic cytokine that regulates IL1-f, IL-6, and IL-8. The
latter is a potent chemokine that serves as a chemoattractant
for neutrophils and works synergistically with TNF-« to pro-
mote and maintain a proinflammatory state [17]. Expression
of TNF-« and its receptors is increased in lesional PG skin
[1,74].

Infliximab, adalimumab, etanercept, certolizumab pegol,
and golimumab have been used in the treatment of PG.
Whereas etanercept binds only the soluble form of TNF-a,
infliximab, adalimumab, and golimumab bind the soluble-
bound and membrane-bound forms of TNF-a and induce
apoptosis of TNF-a-expressing cells. Certolizumab lacks an
Fc domain and therefore cannot induce apoptosis, comple-
ment-dependent, or antibody-dependent cell-mediated cyto-
toxicity. There is growing evidence supporting the use of
TNF-a inhibitors as first-line treatments, particularly inflixi-
mab and adalimumab [75]. Indeed, a semi-systematic review
found a 67% (238/356 patients) complete response rate and
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an 87% response rate to TNF-a inhibitors overall. There was
a trend towards a higher response rate for adalimumab and
infliximab compared with etanercept, although this was not
statistically significant [76]. Additionally, response rates
were not significantly different for PG type or associated
diseases (i.e., inflammatory bowel disease, hematological
diseases, or other inflammatory disorders) [76-78].

To date, infliximab remains the sole anti-TNF-a agent
of demonstrated efficacy in classic PG, as shown in a rand-
omized double-blind controlled trial [79]. Recently, a phase
II1, open-label multicenter study was conducted on 22 Japa-
nese patients to evaluate the efficacy and safety of adali-
mumab for refractory PG. Complete healing was achieved
in 55% of participants at the end of the 26-week treatment
period [80]. Although no head-to-head studies have been
performed to compare efficacy, in a recent review, 75%
(38/51) of patients taking adalimumab showed complete
PG resolution, whereas only 61% (17/28) of those taking
etanercept had complete healing [77]. Certolizumab has
been demonstrated to be effective in three cases [81-83].
Golimumab has had mixed treatment responses, with two
reports of complete response, one partial response, one treat-
ment failure, and a case of new-onset PG [84-88].

In our experience, anti-TNF-a agents, especially inflixi-
mab and adalimumab, represent the best options in cases
resistant to systemic CS, cyclosporine, or combination ther-
apy with both [9]. Anti-TNF-a agents can also be used as
sparing agents to avoid long-term side effects from CS and/
or cyclosporine.

3.2 Interleukin-1 Inhibitors (Level of Evidence 2B)

Interleukin-1f is upregulated in lesions from both syndro-
mic and sporadic PG cases [14, 15]. In PAPA syndrome,
genetic mutations in Proline-Serine-Threonine Phosphatase
Interacting Protein 1 (PSTPIPI) result in increased bind-
ing affinity to pyrin, enhancing the assembly of inflam-
masomes. These activate caspase 1, which subsequently
cleaves inactive pro-IL-1p to its active form, IL-1p. In non-
genetically determined cases of PG, IL-1p contributes to
the release of proinflammatory cytokines and chemokines,
which then contribute to neutrophil recruitment and acti-
vation. Interleukin-1p can be produced by macrophages, T
lymphocytes, endothelial cells, fibroblasts, and activated
keratinocytes [74].

Interleukin-1 inhibitors used for the treatment of PG
include anakinra (IL-1 receptor antagonist that blocks IL1a
and IL-1p), canakinumab (IL-1p inhibitor), and gevoki-
zumab (IL-1p inhibitor). Use of IL-1 inhibitors remains lim-
ited to case reports and phase II open-label trials. In those
reports, IL-1 inhibitors have shown some benefit [77]. Spe-
cifically, anakinra showed significant clinical improvement
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or complete remission in 10/13 patients and in nine case
reports [77]. Canakinumab has also shown complete remis-
sion of PG in 6/11 patients, with either clinical improvement
(1/11) or no response (4/11) in the remainder [77, 89, 90].

3.3 Interleukin-1a Blockade (Level of Evidence 5)

Interleukin-la is also suggested to play a role in autoinflam-
matory diseases, independently of IL-1p [1]. Interleukin- 1o
is constitutively expressed by keratinocytes, stored intracel-
lularly and released upon cellular injury [91]. Extracellu-
lar IL-1a regulates the production of granulocyte colony-
stimulating factor, IL-6, CXCL-1, and CXCL-8, recruiting
and activating neutrophils. Evidence from a murine model
of neutrophilic dermatoses illustrated that Protein Tyrosine
Phosphatase Non-Receptor Type 6 (PTPN6) gene variants
lead to an excessive IL-1a-mediated inflammatory response,
which appears to rely on receptor-interacting serine/thre-
onine-protein kinase 1 and caspase recruitment domain-
containing protein 9 signaling [92-95]. Indeed, PTPN6
gene variants have been documented in patients with PG
and Sweet syndrome [96-98]. Bermekimab (RA-18C3) is
an IL1a inhibitor currently under investigation for the treat-
ment of PG [77].

3.4 Interleukin-17 Inhibitors (Level of Evidence 2B)

The IL-17 family of cytokines encompass six structurally
related cytokines, IL-17A through IL17F. The prototypical
member of the family, IL-17A, has a proinflammatory role
in autoimmune disease [99]. Interleukin-17 and its receptor
have been seen to be significantly expressed in lesional skin
biopsies of PG [12, 15, 74]. Interleukin-17 signals to induce
chemokines that recruit neutrophils and stimulates release of
neutrophil-activating cytokines including IL-6, granulocyte
colony-stimulating factor, and IL-8 [74, 99]. T helper 17
cells are also augmented in PG [14, 15, 20].

Sparse reports have described successful PG treatment
with IL-17 inhibitors, including secukinumab (anti-IL-17A),
brodalumab (anti-IL-17 receptor), and ixekizumab (anti-
IL-17A/F) [100-104]. A very recent phase I-II pilot study
was conducted to further evaluate the efficacy and safety of
secukinumab monotherapy in treating PG. Seven patients
received secukinumab 300 mg weekly at weeks 0—4, fol-
lowed by every 4 weeks until week 16 for two patients, and
every 2 weeks until week 32 for five patients, while remain-
ing on the same dosage. Two patients continued treatment
until week 32 and had marked improvement in ulcer size,
inflammatory markers, and Dermatological Life Quality
Index. All patients involved reported pain reduction [105].
Brodalumab has been used at doses of 210 mg weekly or
biweekly, with improvement in three patients [103, 104].

Finally, a recent open-label trial has been completed on
ixekizumab (NCT03137160) [106]. Interestingly, IL-17
inhibition may also induce PG [107-112], possibly due to
paradoxical IL-23 upregulation [113]. Pyoderma gangreno-
sum induction has also been documented upon switching
between anti-IL-17 agents [107].

3.5 Interleukin-23 Inhibitors (Level of Evidence 3A)

Interleukin-23 is overexpressed in PG lesions, and has also
been demonstrated to be upregulated via immunofluores-
cence [15, 114]. Interleukin-23 is important for expanding
and maintaining Th17 cells, which produce IL-17 and sub-
sequently increase neutrophil recruitment.

Interleukin-23 inhibitors include ustekinumab (which
blocks common p40 subunit of IL-12 and IL-23), tildraki-
zumab, guselkumab, and risankizumab (which target the p19
subunit of IL-23 without IL-12 blockade). In a recent semi-
systematic review, complete response rates were seen in 71%
of patients treated with ustekinumab [90]. Additionally, a
recent summary of case reports of ustekinumab for PG
showed that 68% of patients (19/28) had complete healing of
their ulcers and 32% (9/28) had partial improvement [115].
Use of ustekinumab 90 mg every 2—3 months for refractory
PG has been seen to improve all subtypes of PG includ-
ing ulcerative, peristomal, pustular, and vegetant subtypes
[115]. One patient with refractory, tendon-exposing PG on
the lower extremities showed improvement with 3 months
of treatment with guselkumab [116]. Additionally, a sin-
gle case report showed complete healing after four doses of
guselkumab with a modified regimen [117]. Finally, another
case report showed improvement of recurrent PG after four
doses of risankizumab [118].

3.6 C5alnhibitors (Level of Evidence 2B)

C5a is a potent chemoattractant for neutrophils. It also
enhances phagocytosis, release of granule enzymes, and
oxidative burst, exerting its effects through its receptors
C5aR and C5L2/C5aR2 [18]. C5aR1 and C5aR2 are both
upregulated in PG lesional skin [15]. In a murine model,
C5a has also been shown to have a role in wound healing,
with C5a receptor deficiency resulting in more effective
wound closure [119]. Collectively, the known roles of C5a
in neutrophil recruitment, wound healing, and complement
dysregulation present in PG lesional skin suggest C5a as
a potential therapeutic target in PG [19]. Importantly, the
membrane attack complex C5b-9 retains its ability to form
and promote bacterial defence in the absence of C5a [15,
120].

IFX-1 (vilobelimab) is a chimeric monoclonal 1gG4
antibody that inhibits C5a [120, 121]. In an open-label
single-arm trial, 12 patients with HS were treated with
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IFX-1 800 mg delivered at 30-min intravenous infusion on
days 1, 4, 8, 15, 22, 29, 36, 43, and 50 with the number of
adverse events as the primary endpoint. Four of the five seri-
ous adverse events were exacerbation of HS that required
hospitalization [121]. A phase Ila open-label study is cur-
rently investigating the efficacy and safety of vilobelimab
in patients with PG (NCT03971643). A total of 19 patients
were enrolled in the study. Seven patients were in the dos-
ing cohort at 2400 mg biweekly, and all had elevated C5a
levels at baseline. Six of these seven patients achieved clini-
cal remission with closure of the target ulcer and showed
suppression of C5a levels. Two of 19 patients had serious
adverse events including erysipelas leading to hospitaliza-
tion (not thought to be medication related), while another
developed a delayed hypersensitivity reaction [122]. Final
outcomes from the study are expected to be reported in 2022.

3.7 Interleukin-6 Inhibitors (Level of Evidence 4)

Interleukin-6 is a strong inducer of the acute phase response.
Interleukin-6 binds to the IL-6 receptor/gp130 complex,
which activates intracellular signaling cascades through
Janus kinase 1 (JAK1) and signal transducer and activa-
tor of transcription 3 (STAT3). T helper cells differentiate
towards a Th17 phenotype in the presence of IL-6, trans-
forming growth factor-beta, and IL-23 [123]. Both IL-6 and
its receptor have been seen to be elevated in the serum and
skin of patients with PG [15, 124]. Elevated IL-6 levels have
been shown to decrease after successful PG treatment [124,
125]. Along with other cytokines, IL-6 is involved in the
activation and accumulation of neutrophils in tissue.

The humanized anti-IL-6 receptor monoclonal anti-
body tocilizumab has activity against soluble-bound and
membrane-bound receptors. A single case report showed
improvement of PG in a patient with rheumatoid arthritis
[126]. Given its use for rheumatoid arthritis, tocilizumab
may be considered as a treatment for refractory PG asso-
ciated with rheumatoid arthritis. Another case showed
improvement of PG in a patient with Takayasu arteritis
[127]. However, a paradoxical case of PG has also been
reported with the use of tocilizumab for Takayasu arteritis
[128]. Ongoing investigations are required to determine the
utility of tocilizumab for PG [129].

3.8 CD3 Inhibitors (Level of Evidence 4)

Early PG lesions show perivascular and peri-pilosebaceous
T-cell infiltrates and are dominated by T cells with a Thl
phenotype [12]. Accordingly, targeting T-cell surface recep-
tors may be a potential therapeutic strategy for this disease.
CD3 is a T-cell co-receptor involved in activating Th cells
and cytotoxic T cells. CD3 comprises the CD3 gamma
chain, the CD3 delta chain, and two CD3 epsilon chains.
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These form a TCR complex with TCR and CD3 zeta and
mediate T-cell activation. Inhibition of CD3 leads to apop-
tosis of activated T cells [127]. Visilizumab is a humanized
IgG2 monoclonal antibody that binds to the CD3 epsilon
chain [130]. Visilizumab induced improvement of steroid-
refractory PG in a patient with concomitant ulcerative colitis
[131]. Unfortunately, in a pilot study, visilizumab was not
effective for severe corticosteroid-refractory ulcerative coli-
tis and had safety issues [132]. The safety and effectiveness
of CD3 inhibitors for idiopathic PG are not known.

3.9 CD20 Inhibitors (Level of Evidence 4)

The role of B cells in PG, if any, remains unknown. A broad
autoantibody response, also against neutrophil extracel-
lular traps, has been documented in serum and skin from
patients with hidradenitis suppurativa, associating with
immune complex generation and macrophage activation
[133]. Similar mechanisms may occur in PG [21]. Rituxi-
mab is a monoclonal antibody that targets CD20, an antigen
expressed at most stages of B-cell development. Pyoderma
gangrenosum has been associated with conditions with aber-
rancies in B-cell populations including monoclonal gam-
mopathies, leukemias, lymphomas, and myelodysplastic
syndromes. Rituximab has been seen to improve PG-like
ulcers in patients with associated granulomatous polyangii-
tis and refractory PG ulcers in those without an underly-
ing comorbidity [134-136]. Conversely, a recent system-
atic review demonstrated that rituximab may be associated
with the onset of vulvovaginal PG [137]. In fact, rituximab
appears to be responsible for the majority of new-onset PG
cases reported during biologic therapies [138].

3.10 Integrin Inhibitors (Level of Evidence 4)

Integrins are important for leukocyte migration. Integrin
Subunit Beta 4 (ITGB4) and Integrin Subunit Beta 7 (ITGB7)
genes are upregulated in PG lesions. These genes encode
the proteins that form the heterodimeric integrin receptor
adp7 [15].

Vedolizumab is a humanized monoclonal antibody that
has been approved by the US Food and Drug Administration
for the treatment of IBD since 2014. It binds to a4p7 integ-
rin and blocks interaction with a subset of gastrointestinal-
homing T cells [139]. Four patients with IBD experienced
PG improvement while taking vedolizumab [140, 141]. Con-
versely, vedolizumab-induced PG has also been observed in
patients with IBD [142, 143], including a case improving
with granulocyte and monocyte apheresis and prednisolone
[144].
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4 Small Molecules

4.1 Phosphodiesterase 4 Inhibitors (Level
of Evidence 4)

Phosphodiesterase 4 is an enzyme that hydrolyzes cyclic
adenosine monophosphate (cAMP), which is a key sec-
ondary messenger molecule found in all cells. Cyclic
adenosine monophosphate is activated by G-protein cou-
pled receptor ligands and mediates its action through pro-
tein kinase A. Protein kinase A activates cyclic adenosine
monophosphate response element-binding protein, which
then modulates that activity of numerous genes includ-
ing those that encode for IL-2, IL-6, and TNFa [145].
Tumor necrosis factor-o and IL-6 that are downstream of
the cyclic adenosine monophosphate signaling cascade are
dysregulated in PG lesions.

Apremilast is an oral selective phosphodiesterase 4
inhibitor that has been approved since 2014 for the treat-
ment of psoriasis and psoriatic arthritis. Two cases of PG
treated with apremilast have been reported. One patient with
PG, palisaded neutrophilic granulomatous dermatitis, and
rheumatoid arthritis healed after apremilast was added to
infliximab and glucocorticoids [146]. In another patient with
recalcitrant vegetant PG, apremilast 30 mg twice daily was
added to prednisone 7.5 mg daily, and methotrexate 18 mg
subcutaneously once weekly and complete healing was
achieved at 4 months [147].

4.2 Janus Kinase Inhibitors (Level of Evidence 4)

The JAK/STAT signaling pathways are involved in many
inflammatory skin disorders. Cytokines upstream of JAK/
STAT signaling include ILs 1-31, TNF-«, and colony-
stimulating factors, among others. Janus kinase activation
results in phosphorylation of specific STAT proteins (e.g.,
STAT1-4, 5a, 5b, 6). When activated, STAT proteins trans-
locate to the nucleus and stimulate or inhibit the transcrip-
tion of genes involved in hematopoiesis and immune func-
tion [148, 149].

The JAK/STAT pathway has been shown to be dysreg-
ulated in PG lesions with JAK-1, JAK-2, and JAK-3 and
STAT]1 through 6 being overexpressed in the skin of patients
with PG compared with healthy controls [15, 150]. Muta-
tions in the JAK/STAT pathway are also implicated in PG
progression [150-153].

While there are many topical and oral JAK inhibitors in
development or currently used to treat other inflammatory
skin disorders, only a few JAK inhibitors have been used for
the treatment of PG, including tofacitinib (oral inhibitor of
JAK-1 and JAK-3), ruxolitinib (oral inhibitor of JAK-1 and
JAK-2), and baricitinib (JAK-1 and JAK-2 inhibitor).

Tofacitinib is approved by the Food and Drug Adminis-
tration to treat ulcerative colitis and rheumatoid arthritis,
which can be associated with PG. To date, ten cases of PG
treated with tofacitinib have been reported, with four achiev-
ing complete healing. Most patients had not responded to
other systemic treatments prior to initiation of tofacitinib at
doses of 10 or 11 mg/day [154].

Ruxolitinib has been used to treat polycythemia vera and
other hematologic disorders associated with PG [155]. Two
patients with polycythemia vera experienced PG resolution
after treatment with ruxolitinib [156, 157]. Baricitinib 4 mg
daily has led to complete ulcer healing in isolated reports
[158] and is currently under investigation in a phase II clini-
cal trial (NCT04901325) in combination with prednisone
[159].

5 Topical Treatment and Wound Care
5.1 Topical Corticosteroids (Level of Evidence 2B)

Topical CS can be effective for the treatment of mild or
localized/unilesional PG. Typically, high-potency CS, such
as clobetasol propionate, are used, although others were
also reported to be beneficial. In a prospective cohort study,
49 patients were treated with clobetasol propionate 0.05%
cream monotherapy, resulting in a median healing time of
136 days. Overall, 42.6% of patients healed completely at
6 months; however, 21.1% of the former had subsequent
recurrences. The size of the lesion at presentation was noted
to be a significant predictor of time to healing [160].

5.2 Topical Calcineurin Inhibitors (Level of Evidence
2B)

Topical calcineurin inhibitors include tacrolimus, pimecroli-
mus, and cyclosporine. Topical calcineurin inhibitors inhibit
lymphocyte proliferation and activation, and decrease the
production of inflammatory cytokines such as IL-2, IL-3,
and interferon-y [161].

In a retrospective review, five patients with recent-onset
localized idiopathic PG were successfully treated with topi-
cal tacrolimus alone. Topical tacrolimus was applied twice
a day, then tapered to once a day for 2 months if no new
lesions appeared. A further reduction to twice a week for
6—12 months was recommended before discontinuing. All
five patients achieved a complete response with an average
time to healing of 6 weeks. Patients tolerated the treatment
well with only one complaining of a burning sensation dur-
ing the first week of application. Three patients who had
already discontinued the drug did not experience relapses at
the mean follow-up period of 13.5 months. Finally, the other
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two patients also remained disease free but were still apply-
ing topical tacrolimus at the time of writing [162]. In a pro-
spective cohort study, ten patients were treated with topical
tacrolimus ointment (0.03% and 0.01%) alone with a median
healing time of 161 days [160]. Although reported posology
varies, topical tacrolimus ointment (0.03% and 0.1%) and
topical tacrolimus solution (0.5%) appear to be beneficial
in treating PG [160, 163]. It should be noted that temporary
renal failure has been recorded following direct application
of topical tacrolimus on open wounds [164].

Topical pimecrolimus also reduces T-cell proliferation,
activation, and secretion of proinflammatory cytokines. In
addition, pimecrolimus may also inhibit degranulation of
mast cells, neutrophils, and basophils. Use of topical pime-
crolimus may be appealing over topical tacrolimus as the
former has lower systemic absorption. Evidence is mostly
limited to isolated case reports, documenting complete heal-
ing in 6—12 weeks. Topical pimecrolimus may be regarded
as an option for mild localized PG or as an adjunct to sys-
temic therapies for severe or unresponsive PG [165, 166].

Topical cyclosporine has been used in four patients with
refractory PG. Topical cyclosporine was administered via a
piece of lint cloth saturated with an intravenous preparation
of cyclosporine (1 ampoule of 50 mg/mL) diluted 1:1 with
distilled water. Treatment was applied daily and then tapered to
every other day depending on patient response. Three patients
healed completely within 4 months, with the fourth showing a
considerable response. Indeed, topical cyclosporine use could
be appealing, as it seems to be exempt from the tolerability
issues associated with systemic administration [167].

5.3 Wound Care (Level of Evidence 3A)

Wound care is crucial for the appropriate management of PG
cases [168]. Pyoderma gangrenosum ulcers evolve through
inflammatory and healing phases, requiring a differentiated
approach depending on depth and exudation [169]. Recently,
an algorithm based on the Tissue, Infection or inflamma-
tion, Moisture and Edge (TIME) model has been adapted for
PG [170]. Adequate control of wound bed and perilesional
inflammation with topical CS or topical calcineurin inhibi-
tors, as well as lidocaine for pain management, is key during
the inflammatory phase. In this setting, to avoid pathergy
only gentle cleansing without sharp debridement should be
performed. Similarly, enzymatic (collagenases) or autolytic
debridement (hydrogel) can aid reducing fibrin and necrotic
tissues, and may be followed be the application of either
absorbent (alginate, hydrofiber) or nonadherent (silicone,
foam) dressings to control the exudate. Alginates are best
employed for bleeding PG ulcers because of their hemo-
static properties, while polyurethane foam with a silicon
layer could be useful on inflamed PG lesions. Antimicro-
bial dressings to decrease microbial burden and compressive
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bandages to reduce the exudate, edema, and overgranulation
of PG ulcers may also have a role during the inflammatory
phase. Indeed, according to a systematic review of the litera-
ture, antimicrobial and hyperabsorbent dressings appear to
be the most commonly used dressings for the management of
PG ulcers, requiring less frequent changes and manipulation
[168]. Bioactive dressings such as collagen sheets, dermal
and/or epidermal substitutes, and grafts may be considered
if the wound bed is not excessively inflamed or devitalized
[170].

Classically, surgical intervention has been considered
controversial in PG. However, the paradigm may be chang-
ing with split-thickness skin grafts giving good results in
terms of healing if combined with negative pressure wound
therapy, assuming that adequate immunosuppression is
obtained to prevent pathergy beforehand [171]. Negative
pressure wound therapy (NPWT) is a well-known option for
various types of wounds, as it decreases intracellular edema,
stimulates granulation tissue formation, promotes micro-vas-
cularization of the wound bed, and preserves appropriate
wound humidity. Pichler et al. described 15 patients with
large and deep ulcers who underwent NPWT 1 week prior
to STSG. Ten patients healed completely. Among these,
nine had no recurrence after the first treatment cycle and
one required a second treatment cycle. The others had a
marked improvement with only minor recurrences. Failure
to respond was observed only in one case [172]. Indeed,
a recent systematic review highlighted that NPWT can be
considered a safe adjuvant option, with 85.1% of treated
cases showing improvement in wound healing [173]. Further
elaborating on the available literature, Eisendle et al. under-
scored that despite halting the inflammatory process, NPWT
alone does not significantly accelerate the healing time,
whereas the best approach appears to be the combination
of NPWT with skin grafting, also with porcine xenografts,
while the patient is medically treated for PG [171]. Negative
pressure wound therapy is an appropriate alternative also in
patients with tendon-exposing PG ulcers [171].

Finally, hyperbaric oxygen therapy may represent an
option for PG ulcers, owing to its effects on edema reduc-
tion, inflammation control, collagen formation, and bacterial
burden mitigation [174]. Rescue therapy with hyperbaric
oxygen resulted in complete healing and/or improvement
in treatment-refractory PG cases, with a good safety profile
[175-178]. However, more studies are needed.

5.4 OtherTopical Treatment Alternatives
5.4.1 Topical Timolol (Level of Evidence 4)

Topical timolol has been used to treat ulcerated infan-
tile hemangiomas, chronic venous leg ulcers, and other
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Mild disease Pain management Moderate to severe disease
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Fig. 1 Proposed algorithm for the treatment of classic ulcerative pyoderma gangrenosum. Created with BioRender.com. BSA body surface area,
IL-1 interleukin-1, IL-12/23 interleukin-12/23, IL-17 interleukin-17, IL-23 interleukin-23, TNFa tumor necrosis factor-alpha

wounds. By antagonizing f2-adrenergic receptors, tim-
olol may enhance keratinocyte migration, promoting
wound healing. Antagonism of f2-adrenergic receptors
on neutrophils may also decrease neutrophil recruitment.
Two reports documented the effectiveness of topical
timolol maleate in PG, either alone [179] or in combi-
nation with collagenase ointment [180]. Topical timolol,
either gel or ophthalmic solution, may be considered as
an adjunct for localized/persistent PG especially when
the inflammatory component of PG is already under
control.

5.4.2 Topical Phenytoin (Level of Evidence 4)

Topical phenytoin has been used in decubitus, diabetic foot,
as well as venous stasis ulcers. Phenytoin may modulate
fibroblast proliferation, enhance granulation tissue forma-
tion, promote collagen deposition, and decrease bacterial
load on wounds. A series of six patients showed a dramatic
improvement of PG lesions, although five were receiving
concurrent systemic therapy. Topical phenytoin may be con-
sidered as an adjunct to systemic therapy in severe cases, or
as monotherapy in milder cases [181].
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6 Conclusions and Future Directions

The treatment of PG can be challenging. In addition to medi-
cal therapy, wound care, with appropriate dressings depend-
ing on inflammatory vs non-inflammatory phase [168], and
pain control are crucial in the management of PG cases.
Based on current knowledge and a previously published
severity classification [30], the authors are proposing an
algorithm (Fig. 1), which could be useful in the manage-
ment of patients with classic ulcerative PG. There is insuf-
ficient evidence to clearly define the preferred therapeutic
management for each PG variant. However, based on our
experience as well as the literature, few considerations may
be presented. Management of peristomal and postoperative
PG is usually similar to that of unilesional/localized PG. For
peristomal PG particularly, management is generally that
of the underlying condition, for example, IBD. For bullous
and vegetative PG, the therapeutic ladder is substantially
the same as in classic ulcerative PG, although wound care
approaches may need to be adapted to these settings, favor-
ing hyperabsorbing and nonadherent dressings.

In addition to the well-known diagnostic challenges in
PG, its clinical heterogeneity as well as a lack of validated
severity and response criteria has complicated the planning
of clinical trials to assess the efficacy and safety of therapeu-
tic agents. Recently, the UPGRADE (Understanding Pyo-
derma Gangrenosum: Review of Adverse Disease Effects)
initiative has developed a platform for clinicians, research-
ers, industry, and patients to collaborate in the creation of a
core outcome set for PG that could be used for future clinical
trials (http://cs-cousin.org/understanding-pyoderma-gangr
enosum-review-and-analysis-of-disease-effects-upgrade/).
Research for PG and other neutrophilic dermatoses seems
to be promising as more specific and targeted therapies are
currently being developed.
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