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Abstract

Introduction/Objectives Pyoderma gangrenosum (PG) is a rare, rapidly progressive neutrophilic dermatosis commonly
associated with systemic inflammatory diseases. We aimed to characterize the association of PG and inflammatory arthritis,
as little is known outside of case reports and small cohort studies.

Method We performed a systematic review in PubMed, EMBASE, and Scopus from inception to present using the terms
arthritis and pyoderma gangrenosum. Patient demographics, clinical presentation, and treatment outcomes were recorded.
Descriptive statistics and stratified analysis were used to compare factors of interest by type of arthritis.

Results A total of 1399 articles were screened, and 129 patients with inflammatory arthritis and PG were included in the
review. The most common types of arthritis were rheumatoid arthritis (RA) (50.4%), inflammatory bowel disease (IBD)-
associated arthritis (10.9%), and psoriatic arthritis (8.5%). In the vast majority of cases, joint symptoms preceded PG, by a
median of 10 years (inter-quartile range [IQR] 5-16). Corticosteroid monotherapy and biologic therapies, used alone or in
combination, resulted in improvement or complete resolution of ulcers 71.4% and 67.3% of the time, respectively. Within
the latter, infliximab, adalimumab, and anakinra were most successful in inducing remission overall. RA and non-RA did
not differ significantly in treatment success or healing time.

Conclusions This study shows that PG is frequently preceded by inflammatory arthritis, most commonly RA. Clinicians used
a wide variety of treatment regimens with variable outcomes. While larger studies are needed to standardize the treatment of
inflammatory arthritis-associated PG, this study suggests that in addition to systemic corticosteroids, biologic medications
can be effective treatment options for these patients.

Key Points.

o Inflammatory arthritis, most commonly rheumatoid arthritis, often precedes rather than follows pyoderma gangrenosum.

o Other forms of arthritis associated with PG included IBD-associated arthritis and psoriatic arthritis.

® Biologic therapies, such as infliximab, adalimumab, and anakinra, were largely successful in treating arthritis-associated pyoderma gan-
grenosum and may play an important role in corticosteroid-sparing therapy or in a maintenance regimen for this subset of patients.

o The type of inflammatory arthritis associated with pyoderma gangrenosum may not be a helpful treatment guide as it was not significantly
associated with treatment outcomes or healing time.
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well understood [2]. There are no targeted or universally
successful therapies, and no guidelines for treatment have
been established. Reducing inflammation is a cornerstone of
treatment, and systemic treatments are often used, including
immunosuppressives and biologics [3].

PG may occur in isolation, as an inherited inflammatory
syndrome, or in association with systemic disease and/or
with extracutaneous manifestations [4]. A recent meta-anal-
ysis reported that 57% of PG patients have an associated sys-
temic disease, most commonly inflammatory bowel disease
(IBD), inflammatory arthritis, and hematologic malignancies.
Approximately 13% of patients with PG have inflammatory
arthritis, most commonly rheumatoid arthritis (RA) [5]. The
association between PG and RA was investigated in a recent
population-based case—control study which revealed that the
lifetime prevalence of RA was higher among patients with
PG than control subjects, and RA increases the odds of devel-
oping PG by more than threefold. It is advised that clinicians
be aware of the increased likelihood of PG, and patients with
RA should avoid predisposing factors of PG [6]. In addition
to RA, PG has been reported in patients with spondyloarth-
ritides, such as psoriatic arthritis, ankylosing spondylitis,
and IBD-associated arthritis [7, 8]. While excluded from this
study, PG may occur in inherited inflammatory syndromes
such as PAPA (pyogenic arthritis, PG, and acne), PASH (PG,
acne, and hidradenitis suppurativa), and PAPASH (pyogenic
arthritis, PG, acne, and hidradenitis suppurativa).

Despite growing research, case reports and small cohort
studies dominate the literature of arthritis-associated PG.
Studies are lacking in characterizing this subset of patients
and identifying any factors that affect the course of PG. Bet-
ter understanding of arthritis-associated PG may have prog-
nostic significance as successful treatment of the coexisting
disease may lead to better PG outcomes [9]. It has also been
suggested that arthritis-associated PG represents a refractory
subset of patients [10]. The purpose of this study is to char-
acterize the association of PG with inflammatory arthritis.

Materials and methods

We performed a systematic review of published articles in
PubMed/MEDLINE, EMBASE, and Scopus (from incep-
tion to March 2021) to identify eligible studies. Articles were
searched using the terms “pyoderma gangrenosum” and
“arthritis.” Publications with titles and abstracts written in
English were eligible for inclusion. Two authors independently
screened a total of 1399 articles for relevance and critically
reviewed the full text of 265 articles for eligibility. Figure 1
illustrates the Preferred Reporting Items for Systematic Review
and Meta-Analyses flow diagram. Reference lists of selected
articles were further screened for additional eligible articles.
We included all case reports and case series describing patients

@ Springer

of any age who were clinically diagnosed with both PG and
inflammatory arthritis defined by the authors. Arthralgia with-
out adequate workup, infectious arthritis, and syndromic forms
of PG, such as PAPA, PASH, and PAPASH, were excluded.
Articles that lacked data on clinical characteristics and treat-
ment type for individual patients, such as large cohort studies,
were excluded as well.

The following information were recorded for each patient:
age, gender, arthritis type, rheumatologic workup, site of PG,
histologic findings, time from onset to diagnosis of PG, time
between PG diagnosis and arthritis onset, type of treatment
used to treat PG, treatment outcome, and healing time. Treat-
ment success was defined as improvement or resolution of
ulcers reported by the clinician based on the follow-up reviewed
in the articles. Healing time was defined as complete resolution
of the PG ulcer. Inflammatory arthritis was classified based on
underlying disease. Patients with spondyloarthritis, sacroiliitis,
or spondyloarthropathy were grouped together as spondyloar-
thritis. Psoriatic and IBD-associated arthritis were categorized
separately. Unspecified inflammatory arthritis was defined as
monoarthritis, oligoarthritis, or polyarthritis lacking a diagnosis
or description of underlying disease.

Descriptive statistics were used to characterize the demo-
graphic and clinical characteristics of the reported cases that were
collected for this study. Group comparisons by type of arthritis
were made using Wilcoxon rank-sum test for continuous data
due to their skewed distribution and Fisher’s exact test for all
categorical variables. Statistical analysis was performed using R:
a language and environment for statistical computing. A p-value
of less than 0.05 was considered to be statistically significant.

Results

A total of 129 cases of arthritis-associated PG from 110 arti-
cles published between 1966 and March 2021 were included
in the study (Fig. 1). The median patient age was 49 years
(inter-quartile range [IQR] 34-61). Ninety-nine (76.7%)
patients were female. The median time of PG symptom onset
to diagnosis was 4.5 months (IQR 1.7-12). PG was present
on the lower legs in 87 (67.4%) patients. There were various
types of arthritis that presented with PG. Sixty-five (50.4%)
patients had RA, 19 (14.7%) had unspecified inflammatory
arthritis, 14 (10.9%) had IBD-associated arthritis, and 11
(8.5%) had psoriatic arthritis. Of those with unspecified
inflammatory arthritis, 3 patients had monoarthritis, none
oligoarthritis, 13 polyarthritis, and 3 undescribed. Arthritis
presented prior to PG in 98 (76.0%) patients by a median of
10 years (IQR 5-16). Sixteen (12.4%) cases reported wors-
ened arthritic symptoms during PG presentation (Table 1).

Ultimately, 123 (95.3%) patients with PG were success-
fully treated with systemic therapies; however, in 62 (48.1%)
patients, the initial treatment was deemed ineffective by the
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clinician. Nineteen (14.7%) patients were initially treated
solely with antibiotics despite further workup indicating no
infection cause. A multitude of treatment regimens were
used for PG ulcers (Table 2), with therapies used alone and
in combination. Systemic corticosteroids were included in
118 treatment regimens, but steroids were used as mono-
therapy in only 49 regimens, of which improvement or
resolution of PG ulcers was seen in 71.4% (35/49) within
13 months. Among regimens that included biologics, alone
or in combination, success was seen in 67.3% (37/55). Inf-
liximab and etanercept were the most frequently used bio-
logics (24/55 and 8/55, respectively). Notably, adalimumab
(8/55) was found to be successful in 87.5% (7/8) of treatment
regimens. The most frequently used systemic therapies were
grouped into categories, including corticosteroids alone,
biologics alone, and combination therapies (Table 3). This
analysis excluded antibiotics given that it is not a standard
treatment for PG. When used alone, biologics had a suc-
cess rate of 91.3% (21/23) and when used in combination
with corticosteroids, a success rate of 77.8% (7/9). Of the

43 (33.3%) cases that reported healing time, 21 (48.8%) had
complete resolution of the ulcer within 3 months of onset
and 35 (81.4%) had complete resolution within 6 months of
onset. The median healing time was 3 months (IQR 2.5-5).

Age, time of PG onset to diagnosis, and time of PG onset
relative to arthritis were the only significant differences
between RA and non-RA groups (Table 4). Patients with
RA were found to be older when diagnosed with PG than
patients with non-RA (p <0.001). PG presented after arthri-
tis in 57 (87.7%) patients with RA, compared to 41 (64.1%)
patients with non-RA (p=0.001). Treatment outcomes and
healing time did not differ significantly between RA and
non-RA groups.

Discussion
Neither the relationship between PG and arthritis nor the

treatment of arthritis-associated PG is well understood.
Treatment is often tailored to the individual patient, with
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Table 1 Patient demographics and disease characteristics

Table 2 Comparison of systemic PG treatment regimens

Measure All patients
Number of patients, n 129
Age, yr, median (IQR) 49 (34, 61)
Sex, n (%)
Female 99 (76.7)
Male 30(23.3)
Time from PG onset to PG diagnosis, n (%)
< 3 months 21 (16.3)
>3 months 36 (27.9)
Unknown 72 (55.8)
Location of PG, n (%)
Lower leg 87 (67.4)
Ankle/foot 32 (24.8)
Arm 19 (14.7)
Head/neck 17 (13.2)
Abdomen 12 (9.3)
Arthritis type, n (%)
Rheumatoid arthritis 65 (50.4)
IBD-associated arthritis 14 (10.9)
Psoriatic arthritis 11 (8.5)
Other spondyloarthritis’ 12 (9.5)
SLE arthritis 2(1.6)
Juvenile idiopathic arthritis 2(1.6)
Behcet’s arthritis 2 (1.6)
Sjogren’s syndrome arthritis 1(0.8)
Granulomatosis with polyangiitis 1(0.8)
Unspecified inflammatory 19 (14.7)
Time of PG onset compared to arthritis onset, n (%)
After 98 (76.0)
Before 4 (3.1)
Simultaneous 18 (14.0)
Unknown 9(7.0)
Worsened arthritic activity with PG 16 (12.4)

IQR, inter-quartile range; PG, pyoderma gangrenosum; /BD, inflam-
matory bowel disease

TOther spondyloarthritis includes spondyloarthritis, sacroiliitis, and
spondyloarthropathy

little guidance from large-scale studies or clinical trials. One
objective of this study was to describe treatment success
and its associated factors. While treatment regimens varied
widely in terms of combination of medications, dosage, and
duration of treatment, regimens containing systemic corti-
costeroids, biologics, and cyclosporine were successful in
the majority of cases. The type of arthritis associated with
PG was not significantly associated with treatment outcomes
or healing time.

The association between PG and arthritis has been well
established [11-13] and the incidence of arthritis in PG
patients has been found to range from 12.8% to 37% [1, 5,
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Treatment regimen

Type of therapy n  Improvement or No improve-
resolution of PG,’ ment of PG,’
n (%) n (%)
Corticosteroids (alone) 49 35 (71.4) 14 (28.6)
Biologics* 55 37(67.3) 18 (32.7)
Infliximab 24 15(62.5) 9(37.5)
Adalimumab 8 7(87.5) 1(12.5)
Etanercept 8  5(62.5) 3(37.5)
Anakinra 5 4 (80.0) 1(20.0)
Ustekinumab 4 1(25.0) 3(75.0)
Other 6 5(83.3) 1(16.7)
Cyclosporinei 29 20 (69.0) 9(31.0)
Methotrexate* 22 12(54.5) 10 (45.5)
Dapsone* 13 4(30.8) 9 (69.2)

PG, pyoderma gangrenosum

"Treatment outcome was determined at follow-up. Median follow up
was 3 months and ranged from 1 week to 13 months

#Alone or in combination with other therapies. See Table 3 for com-
bination therapies

8, 14]. Our review revealed that PG patients present with
many types of arthritis, although RA is the most common.
These results are consistent with studies in the literature
[5, 15, 16]. The second most common form of PG-associ-
ated arthritis was IBD-associated arthritis, which may be
explained by the fact that IBD is the leading underlying
comorbidity in patients with PG [8]. Our study was limited
by cases of inflammatory arthritis labeled as unspecified by
the authors (14.7%). Knowledge of the predominant types
of arthritis coexisting with PG can aid in guiding workup
for a patient presenting with joint symptoms and ulcerative
skin lesions.

Over two-thirds of our cases of arthritis-associated
PG presented on the lower legs (67.4%). Notably, a
high number (13.2%) of head and neck ulcers were
reported, which has also been found in PG associ-
ated with hematologic malignancies [17]. In most of
our cases, PG was diagnosed several years after the
associated arthritis, particularly in RA-associated PG.
Clinically, it is uncommon for PG to be a herald of RA.
A similar latency period has been demonstrated in a
large case—control study in which the vast majority of
patients developed PG after at least 4 years from being
diagnosed with RA [6]. A minority of patients demon-
strated worsening arthritic activity with PG onset. This
is consistent with the observation that PG activity is
unrelated to the severity of arthritis, and the clinical
course of PG does not mirror the clinical course of the
associated inflammatory disease [16, 18].
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Table 3 Cpmparison of §ingle— Treatment regimen
and combination-systemic
therapy regimens for PG Type of therapy n Improvement or resolution No improve-
of PG," n (%) ment of PG,
n (%)
Corticosteroids alone 49 35(71.4) 14 (28.6)
Biologics alone 23 21 (91.3) 2(8.7)
Combination therapy* 78 52 (66.7) 26 (33.3)
Corticosteroids and other® 48 33 (68.8) 15 (31.3)
Biologics and other® 9 7(77.8) 2(22.2)
Corticosteroids and biologics 9 7(77.8) 2(22.2)
Corticosteroids, biologics, and other® 12 541.7) 7 (58.3)
Other® 24 15 (62.5) 9 (37.5)

PG, pyoderma gangrenosum

"Treatment outcome was determined at follow-up. Median follow up was 3 months and ranged from

1 week to 13 months

fCombination therapy refers to patients on any combination of systemic therapies

$Other refers to systemic therapies besides corticosteroids and biologics (e.g., cyclosporine and methotrex-

ate)

Standardized treatment guidelines for PG do not exist,
and lesions are often refractory, requiring multiple trials or
combinations of medications. An effective treatment strategy
typically includes both wound care and topical and/or sys-
temic therapy [11]. Corticosteroids have been the mainstay
treatment for PG and have been historically recommended
as first-line systemic therapy [9]. Their utility has been
demonstrated in a single-blind randomized trial and several
retrospective case series [1, 19]. In this review, the majority
(71.4%) of corticosteroid monotherapy treatment regimens
were successful; however, many ulcers were refractory.

Steroid-sparing therapies for PG include anti-neutro-
phil therapies, immunosuppressants, and biologic agents.
We found the majority (91.3%) of treatment regimens
that included a biologic without other systemic therapies
resulted in ulcer improvement or healing. It has been sug-
gested that tumor necrosis factor (TNF) inhibitors may be
the preferred treatment for arthritis-associated PG [20],
and a randomized controlled trial found that infliximab
was successful in treating patients with PG over placebo
[21]. Infliximab was the most commonly used biologic
in our review. While the pathogenesis of PG is unclear,
IL-1p, IL-8, IL-17, TNF-a, and several chemokines and
metalloproteinases have been implicated in skin lesions
of PG [2, 22, 23]. PG and inflammatory joint disorders
share pathophysiologic features in terms of cytokine over-
expression [24]. This may explain the success with TNF
inhibitors.

It has been suggested that ulcers in arthritis-associated
PG have a worse prognosis than PG alone and present with
slower healing time and longer treatment duration [10]. To
explore the refractory nature of arthritis-associated PG, we

compared our results to a recent multicenter single-blind
randomized controlled trial that found 47% of PG ulcers
treated with prednisolone or cyclosporine healed within
6 months [19]. While our data shows that 81.4% of PG
ulcers with associated arthritis healed within the same time-
frame, only 33.3% of articles reported complete resolution
of ulcers, with the majority reporting significant improve-
ment in ulcer healing as their marker of success. Thus, our
results are most likely skewed due to the lack of long-term
patient follow-up provided in the articles. In addition, when
arthritis types were grouped to determine the effect on clini-
cal outcomes, the presence of RA did not influence treat-
ment success or how quickly an ulcer resolves. Again, these
results are difficult to interpret given the high number of
articles that did not provide details on healing time.

This study provides insight into specific clinical charac-
teristics of arthritis-associated PG cases. The heterogeneity
in patient details and the retrospective nature of this review
are limitations. Articles were not consistent in reporting the
distribution of arthritis, such as polyarthritis, oligoarthritis,
and monoarthritis, nor the clinical course, such as acute,
subacute, and chronic arthritis. We could not determine the
frequency of distribution or clinical course of arthritis. Fur-
thermore, our study was limited due to the fact that the vast
majority of articles provided very little information on rheu-
matology laboratory or radiographic studies. In addition,
publication bias may have skewed our results. It was neces-
sary for our inclusion criteria of inflammatory arthritis to
be broad in order to capture all of the cases in the literature,
but it also lent to the inclusion of undifferentiated arthritis.
With appropriate workup, these cases may have fallen under
specific arthritis categories and impacted our results.
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Table 4 Comparison of PG disease characteristics in patients with rheumatoid arthritis and non-rheumatoid arthritis

Characteristic Rheumatoid arthritis (n=65) Non-rheumatoid arthri- p value
tis (n=64)
Age, yr, median (IQR) 58 (49.00, 66.00) 34.5 (24.00, 51.25) <0.001
Sex, n (%) 0.099
Female 54 (83.1) 45 (70.3)
Male 11 (16.9) 19 (29.7)
Time from PG onset to diagnosis, n (%) 0.023
<3 months 9 (13.8) 12 (18.8)
>3 months 27 (41.5) 9 (14.1)
Unknown 29 (44.6) 43 (67.2)
Location of PG, n (%) 0.808
Lower extremities 53 (81.5) 55 (85.9)
Other 11 (16.9) 9 (14.1)
Unknown 1(1.5) 0(0.0)
Time of PG onset compared to arthritis onset, n (%) <0.001
After 57 (87.7) 41 (64.1)
Before 2(3.1) 2(3.1)
Simultaneous 2(3.1) 16 (25.0)
Unknown 4(6.2) 5(7.8)
Received treatment with improvement or resolution of PG, n (%)
Corticosteroids 44 (67.7) 36 (56.2) 0.207
Cyclosporine 12 (18.5) 8 (12.5) 0.467
Biologics 21(32.3) 29 (45.3) 0.150
Received treatment with no improvement or resolution of PG, n (%)
Corticosteroids 16 (24.6) 22 (34.4) 0.251
Cyclosporine 6(9.2) 34.7) 0.492
Biologics 6(9.2) 7(10.9) 0.778
Antibiotics 19 (29.2) 17 (26.6) 0.845
Time to complete resolution of PG', n (%) 0.121
Within 6 months 22 (33.8) 15 (23.4)
Within 12 months 2 (3.1 6(9.4)
Unknown 41 (63.1) 43 (67.2)

PG, pyoderma gangrenosum
Note. Bold values indicate statistical significance

"Included all single- and combination-systemic treatment regimens

Conclusion

PG was frequently preceded by inflammatory arthritis, most
commonly RA. More than 10% of these patients were solely
treated with antibiotics and most likely misdiagnosed as hav-
ing a skin and soft-tissue infection. While corticosteroids are
the mainstay treatment for PG, biologics such as TNF inhibi-
tors seem to play a larger role as a corticosteroid-sparing
therapy and ultimately for a maintenance regimen in this
subset of patients with PG-associated inflammatory arthri-
tis. Corticosteroids and biologics are used to treat arthritis,
but our review indicates that the type of arthritis associated
with PG is not a useful treatment guide. Prospective studies
are needed to further understand the association between

@ Springer

PG and arthritis and the role of arthritis type in treatment
and outcomes.
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