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Abstract: Pyoderma gangrenosum (PG) is a rare, autoinflammatory disease leading to aseptic ulcers which carries a significant
disease burden and is often difficult to treat, with many patients failing first-line treatment and requiring additional therapies. Such
cases are typically referred to in the literature as “recalcitrant”, “refractory”, or “resistant”, though little is known about the clinical
characteristics of such cases. We performed a narrative literature review to characterize patient demographics and clinical course
associated with difficult to treat pyoderma gangrenosum cases in order to identify trends to guide future clinical management and
therapeutic innovation. We identified 148 cases with clinical manifestations and associated patient demographics stratified by ulcer and
patient features. Consistent with previous work, a greater prevalence of PG was observed among female patients and those with
a history of inflammatory bowel disease, however interestingly despite an aggressive course to their PG, few patients had comorbid-
ities complicating their disease course. Additionally, despite the requirement of three or more treatments for most patients’ disease to
resolve, the majority healed within the typical window observed in previous clinical studies with low rates of recurrence. Biologics
were the most common medication patients were on at time of remission. Collectively, our results suggest a potential benefit for
a reduced threshold for biologic initiation in PG patients and a need for standardization of language in the field to facilitate treatment
outcomes comparisons and interventions.
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Introduction

Pyoderma gangrenosum (PQG) is a rare, autoinflammatory disease which causes characteristic ulcerations with aseptic
neutrophilic infiltration into the skin. While PG is rare with an incidence of about 3—10 million cases annually, it is often
difficult to treat and carries a significant disease burden with three times increased risk of mortality' and a high morbidity
due to delayed wound healing, scarring, and psychological effects from unpredictable clinical course and challenging
management.2

The etiology of PG is currently unknown, though it is hypothesized to involve neutrophilic dysfunction and systemic
inflammation in a genetically predisposed individual. PG affects patients of both sexes and of any age, however it is more
common in middle-aged women, with the average age of onset 51.6 years® > and most cases occurring in those of Caucasian
descent.>® Up to 50% of cases are associated with comorbidities, most commonly inflammatory bowel disease, autoimmune
conditions like arthritis both rheumatologic and seronegative, and myeloproliferative disorders.’

PG has a heterogeneous disease presentation with numerous variants including ulcerative, bullous, pustular, vegeta-
tive, peristomal, and post-surgical. While there are emerging diagnostic frameworks, these have yet to be uniformly
adopted and PG remains a clinical diagnosis and is frequently misdiagnosed.® The disease’s rarity, coupled with its
diversity of presentation and associated factors, have limited the availability of high-level evidence. There are very few
randomized controlled trials investigating treatment of PG and so therapy remains based on case reports and small,
cohort studies in addition to a few expert reviews.” Therefore, there is a need for a systematic approach and therapeutic
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strategy for management of PG. Current standard of care includes systemic immunosuppressants as first line therapies
and biologics are now becoming more popular but in clinical practice patients have varied responses to treatment and
often require combination regimens.

Regrettably, some patients fail these treatments, with difficult to treat PG described in the literature as “recalcitrant”,
“refractory”, or “recurrent”. However, such terms are often used interchangeably and without discretion, complicating
their true clinical meaning and limiting the utility of assessing treatment response in such cases. To date, there is no
consensus as to the order of treatment administration based on disease presentation and patient characteristics. To better
understand patient characteristics associated with these terms, used as a proxy in the literature for difficult to treat PG, we
performed a qualitative literature review of associated patient factors in cases described as “recalcitrant”, “refractory”, or
“resistant”, with the primary objective of determining clinical burden, associated factors to guide management and future

therapeutic directions based on the unmet needs.

Methods

An extensive narrative literature review was performed for each “recalcitrant”, “refractory”, and “resistant” PG case
reports using PubMed. Search strings used were as follows: “recalcitrant pyoderma gangrenosum”, “refractory pyoderma
gangrenosum”, and “resistant pyoderma gangrenosum”. Although we did not use specific criteria to define PG cases, we
used the diagnosis provided by the authors and accepted in peer-reviewed studies. Two reviewers (S.L.B., R.V.) applied
the study selection criteria independently to screen the titles and abstracts of all identified citations in a nonblinded
manner and the full-text articles of selected citations were then independently assessed based on previously reported

associated features and characteristics of PG [Supplementary Table 1]. Data was compiled on patient demographics, ulcer

characteristics, significant past medical history, treatments attempted, and outcomes, where healed was defined as
complete re-epithelization following treatment. Once organized, frequencies were calculated via Microsoft Excel for
each common term and all combined cases, to note trends distinguishing each PG definition. To review, cases described

as “recalcitrant”, “refractory”, and “resistant” were grouped for analysis to aid in analysis and presentation of results
though subgroups analysis was also performed.

Results

Demographics

148 total cases were reviewed; one case was labeled as both “refractory” and “resistant” (Table 1). The demographics of
patients were similar throughout, with 74 cases (50.0%) within the 41 to 65-year-old age group and 87 cases (58.8%) of
female sex, aligning with previous etiology reports. 107 cases (72.3%) were presented in dermatology-related journals

followed by 12 cases in wound care journals (8.1%).

Presentation

Patient presentation was largely consistent with previous reports of PG. The majority of PG cases (73.0%) were defined
as classical or ulcerative type, involving the lower extremity in 98 cases (68%) (Table 2). Only 11 (7.4%) patients
presented with extracutaneous symptoms.

Past Medical History

Overall, 44 cases (29.7%) had underlying inflammatory bowel disease; of these, 19 (43.2%) had Crohn’s disease, 19
(43.2%) with ulcerative colitis, and six (13.6%) unspecified (Table 3). The next common concomitant medical condition
was arthritis in 24 cases (16.2%), of which 19 (79.2%) were of inflammatory subset. Blood disorders were seen in 10
cases (6.8%), of which six were monoclonal gammopathy of undetermined significance (60.0%). Among other unrelated
comorbidities, diabetes and hypertension were the most prevalent, with 14 (9.5%) and 11 cases (7.4%), respectively.
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Table | Demographics. Data Given as Numbers (Percentages) of Patients

All Recalcitrant Refractory Resistant
(n=148) (n=77) (n=55) (n=17)
Age
<18 7(47) 339 3 (5.5) 1 (5.9)
18—40 46 (31.1) 26 (33.8) 15 (27.2) 5(29)
41-65 74 (50.0.) 40 (51.9) 28 (50.9) 7 (41.2)
>66 21 (14.2) 8 (10.4) 9 (16.4) 4 (23.5)
Sex
M 61 (41.2) 38 (49.3) 18 (32.7) 5(294)
F 87 (58.8) 39 (50.6) 37 (67.3) 12 (70.6)
Journal category
Apheresis 4 (2.7) 0 (0.0) 3 (5.5) 1 (5.9)
Biologics I (0.7) 0 (0.0) 1 (1.8) 0 (0.0)
Dermatology 107 (72.3) 65 (84.4) 35 (63.6) 8 (47.1)
Gastroenterology 6 (4.1) 0 (0.0) 6 (10.9) 0 (0.0)
Immunology 1 (0.7) 0 (0.0) I (1.8) 0 (0.0)
Medicine 9 (6.1) 4 (5.2) 59.1) 0 (0.0)
Medical Surgery 1 (0.7) 0 (0.0 0 (0.0) 1 (5.9)
Rheumatology 1 (0.7) 0 (0.0) 1 (1.8) 0 (0.0)
Surgery 6 (4.1) 6 (7.8) 0 (0.0) 0 (0.0)
Wound 12 (8.1) 2 (2.6) 3 (5.5) 7 (41.2)

Table 2 Ulcer Presentation. Data Given as Numbers (Percentages) of Patients

All Recalcitrant Refractory Resistant
(n=148) (n=77) (n=55) (n=17)
Ulcer location
Head & neck 28 (18.9) 16 (20.8) 9 (l16.4) 3(17.7)
Face 13 (8.8) 9 (11.7) 2 (3.6) 2(11.8)
Nose 2 (1.4) I (1.3) I (1.8) 0 (0.0)
Ear 2 (1.4) 0 (0.0 I (1.8) 1 (5.9)
External oral 2 (1.4) I (1.3) I (1.8) 0 (0.0)
Internal oral 534 2 (2.6) 3 (5.5) 0 (0.0)
Ocular 0 (0.0 0 (0.0 0 (0.0) 0 (0.0
Neck 4 (2.7) 339 I (1.8) 0 (0.0
Trunk 50 (33.8) 20 (26.0) 19 (34.6) 12 (70.6)
Upper extremities 21 (14.2) I (14.2) 6 (10.9) 4 (23.5)
Lower extremities 98 (66.2) 49 (63.6) 42 (76.4) 8 (47.1)
Genital 12 (8.1) 9 (11.7) 3 (5.5) 0 (0.0
Scalp 534 5 (6.5) 0 (0.0) 0 (0.0
Time to diagnosis
<3 months 14 (9.5) 6 (7.8) 8 (14.6) 1 (5.9)
>3 months 19 (12.8) 14 (74.0) 4 (7.3) 1 (5.9)
Not reported 115 (77.7) 57 (74.0) 43 (78.2) 15 (88.2)
Diagnostic criteria used
DELPHI 1 (0.7) 0 (0.0) 1 (1.8) 0 (0.0
PARACELSUS 2(1.4) I (1.3) 1 (1.8) 0 (0.0
None 18 (12.2) 18 (23.4) 0 (0.0 0 (0.0
Not reported 127 (85.8) 58 (75.3) 53 (96.4) 17 (100.0)
(Continued)
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Table 2 (Continued).

All Recalcitrant Refractory Resistant
(n=148) (n=77) (n=55) (n=17)
Type
Bullous 4 (2.7) 2 (2.6) I (1.8) 1 (5.9)
Peristomal 13 (8.8) 4 (5.2) 2 (3.6) 7 (41.2)
Post-operative 4(2.7) I (1.3) 2 (3.6) 1 (5.9)
Pustular 4 (2.7) 3(3.8) 0 (0.0) 1 (5.9)
Sup. granulomatous 1 (0.7) I (1.3) 0 (0.0) 0 (0.0)
Ulcerative 108 (73.0) 61 (79.2) 42 (76.4) 6 (35.3)
Vegetative 4 (2.7) 2 (2.6) 1 (1.8) 1 (5.9)
Not reported 10 (6.8) 3 (4.0 7(12.7) 0 (0.0
Size
Small 32 (21.6) 19 (24.7) 10 (18.2) 3(17.7)
Large 29 (19.6) 10 (13.0) 12 (21.8) 7 (41.2)
Not reported 87 (58.8) 48 (62.3) 33 (60.0) 7 (41.2)
Number
| 47 (31.8) 19 (24.7) 23 (41.8) 5(294)
2 9 (6.1) 2 (2.6) 4 (7.3) 3(17.7)
3 10 (6.8) 4 (52.0) 5.1 I (5.9
>3 31 (20.9) 20 (26.0) 7 (12.7) 4 (234)
Not reported 51 (34.5) 32 (41.6) 16 (29.1) 4 (23.4)
Depth
Dermis 9 (6.1) 1 (1.0) 6 (10.9) 2(11.8)
Fat 2(1.4) I (1.0) 1 (1.8) 0 (0.0
Tendon 2 (1.4) 2 (3.0 0 (0.0 0 (0.0
Muscle 10 (6.8) 5 (6.0) 4 (7.3) I (5.9)
Bone 0 (0.0 0 (0.0) 0 (0.0 0 (0.0
Not reported 125 (84.5) 68 (88.0) 44 (80.0) 14 (82.4)
Rate <6 weeks
Yes 534 5 (6.0) 0 (0.0 0 (0.0)
No 3 (2.0) 3 (4.0) 0 (0.0 0 (0.0)
Not reported 140 (94.6) 69 (89.6) 55 (100.0) 17 (100.0)
Undermining
Yes 24 (16.2) 12 (16.0) 9 (16.4) 3(17.7)
No 3 (2.0) 3 (4.0) 0 (0.0 0 (0.0)
Not reported 121 (81.8) 62 (81.0) 46 (83.6) 14 (82.4)
Culture
+ 21 (14.2) I (14.3) 8 (14.6) 3(17.7)
Gram + 16 (76.2) 9 (81.8) 4 (50.0) 3 (100.0)
Gram - 12 (57.1) 7 (63.6) 4 (50.0) 2 (66.7)
Yeast 2 (9.5) 2 (18.2) 0 (0.0) 0 (0.0
Virus | (4.8) I 9.1) 0 (0.0) 0 (0.0
- 34 (23.0) 19 (24.7) 13 (23.6) 2(11.8)
Not collected 41 (27.7) 2 (0.3) 34 (61.8) 5(294)
Not reported 52 (35.1) 45 (58.0) 0 (0.0) 7 (41.2)
Fever
Yes 10 (6.8) I (1.3) 7(12.7) 2 (11.8)
No 37 (25) 32 (41.6) 5.1 0 (0.0
Not reported 101 (68.2) 44 (57.1) 43 (78.2) 15 (88.2)
(Continued)
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Treatment

Table 2 (Continued).

All Recalcitrant Refractory Resistant
(n=148) (n=77) (n=55) (n=17)
Leukocytosis
Yes 15 (10.1) 4(5.2) 10 (18.2) 2(11.8)
No 42 (28.4) 32 (41.6) 5(.1) 5(29.4)
Not reported 91 (61.5) 41 (53.2) 40 (72.7) 10 (58.8)
Extracut. symptoms
Conjunctivitis 1 (0.7) 0 (0.0) I (1.8) 0 (0.0)
Lung 3 (2.0 339 0 (0.0 0 (0.0)
Colitis/ileitis 7 (4.7) 0 (0.0 50.1) 2(11.8)

Table 3 Past Medical History.

Data Given as Numbers (Percentages) of Patients

All Recalcitrant Refractory Resistant
(n=148) (n=77) (n=55) (n=17)
Inflam. bowel disease 44 (29.7) 21 (27.2) 18 (32.7) 5(294)
Crohn’s disease 19 (43.2) 12 (57.1) 5(27.8) 2 (40.0)
Ulcerative colitis 19 (43.2) 7 (33.3) 10 (55.6) 2 (40.0)
Unspecified 6 (13.6) 2 (9.5) 3 (l6.7) 1 (20.0)
Arthritis 24 (16.2) 14 (18.2) 9 (16.4) 1 (5.9)
Rheumatoid 14 (58.3) 7 (50.0) 7 (77.8) 0 (0.0
Psoriatic 1 (42) 0 (0.0 1 (11.1) 0 (0.0
Unspecified 6 (25.0) 4 (28.6) 1 (I1.1) I (100.0)
Other 3 (12.5) 3(214) 0 (0.0 0 (0.0
Blood disorders 10 (6.8) 8 (10.4) 2 (3.6) 0 (0.0)
CML 2 (20.0) I (12.5) 1 (50.0) 0 (0.0
MDS 2 (20.0) I (12.5) 1 (50.0) 0 (0.0
MGUS 6 (60.0) 6 (75.0) 0 (0.0) 0 (0.0)
Autoimmunel/inflam. 19 (12.8) 9 (11.7) 8 (14.6) 2(11.8)
Solid cancer 534 0 (0.0 1 (1.8) 4 (23.5)
Diabetes 14 (9.5) 7(9.1) 2 (3.6) 5(294)
Hypertension 11 (7.4) 4(5.2) 5(9.1) 2(11.8)
Cardiovascular 10 (6.8) 3 (4.0 5.1 2(11.8)
Obesity 7 (4.7) 3 (4.0 4 (7.3) 0 (0.0
Renal disease 8 (5.4) 3 (4.0) 3 (5.5 2(11.8)

Of the 42 cases (28.4%) on systemic treatments, immunosuppressants were favored in 27 (64.3%), and 19 cases (45.2%)
were prescribed a systemic antibiotic (Table 4). Other pre-diagnosis treatments included topical in 11 cases (7.4%),
surgical in 9 cases (6.1%), and general wound care in 5 cases (3.4%).

Once diagnosed, treatment favored systemic immunosuppressants in 135 cases (91.2%), with 96 cases (64.9%)
prescribed multiple at one time (Table 5). Biologic treatments were the next most common treatment used in 80 cases
(54.1%); of those, 28 patients (40.6%) had an underlying IBD and 11 patients (15.9%) had arthritis. Other treatments

included immunomodulators, topicals, surgical and infusion therapy and systemic antibiotics.

Outcomes
77 cases (52.0%) showed progression of ulcer size despite treatment, and 39 cases (26.4%) had recurrence. Of the 111
cases (75.0%) that healed completely, 58 (52.3%) were within six months on treatment, however 54 cases (48.6%) had
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Table 4 Treatment. Data Given as Numbers (Percentages) of Patients

All Recalcitrant Refractory Resistant
(n=148) (n=77) (n=55) (n=17)
Prior to diagnosis
Systemic 42 (28.4) 27 (35.1) 14 (25.5) I (5.9)
Antibiotic 19 (45.2) 12 (44.4) 7 (50.0) I (100.0)
Anti-inflammatory 8 (19.0) 2(74) 6 (42.9) 0 (0.0)
Immunosuppression 27 (64.3) 19 (70.4) 8 (57.1) 0 (0.0)
Immunomodulator 12 (28.6) Il (40.7) 1 (7.1) 0 (0.0)
Biologic 2 (4.8) 0 (0.0 2 (14.2) 0 (0.0)
Topical I (7.4) 9 (11.7) 2 (3.6) 0 (0.0)
Antibiotic 5 (45.5) 4 (44.4) 1 (50.0) 0 (0.0)
Anti-inflammatory 0 (0.0 0 (0.0 0 (0.0) 0 (0.0)
Immunosuppression 7 (63.6) 6 (66.7) I (50.0) 0 (0.0)
Intralesional I (9.1) I (I1.1) 0 (0.0) 0 (0.0)
Surgical 9 (6.1) 6 (7.8) 2 (3.6) I (5.9)
Debridement 5 (55.6) 4 (66.7) I (50.0) 0 (0.0)
Graft 4 (44.4) 2 (33.3) 1 (50.0) I (100.0)
Wound care 534 5 (6.0) 0 (0.0) 0 (0.0)
None 104 (70.3) 48 (62.3) 42 (76.4) 15 (88.2)
After diagnosis
Systemic 141 (95.3) 77 (100.0) 54 (98.2) 11 (64.7)
Antibiotic 51 (34.5) 27 (35.1) 19 (34.5) 5(294)
Anti-inflammatory 19 (12.8) I (14.3) 8 (14.6) 0 (0.0)
Sulfasalazine 7 (4.7) 5 (6.0) 2 (3.6) 0 (0.0)
Mesalamine 1 (0.7) 0 (0.0) 1 (1.8) 0 (0.0)
Indomethacin 1 (0.7) I (1.0) 0 (0.0) 0 (0.0)
Colchicine 9 (6.1) 4(5.2) 5.1 0 (0.0)
Biologic 80 (54.1) 33 (42.9) 42 (77.8) 5(294)
Infliximab 50 (33.8) 19 (24.7) 26 (48.2) 5(29.4)
Adalimumab 33 (22.3) 19 (24.7) 14 (25.5) 0 (0.0)
IL-1(a) 6 (4.1) 3 (4.0) 3 (5.5) 0 (0.0)
Ustekinumab 10 (6.8) 7 (9.1) 3 (5.5) 0 (0.0)
Etanercept 14 (9.5) 2 (0.3) 12 (21.8) 0 (0.0)
Golimumab 2 (1.4) I (1.0) 1 (1.8) 0 (0.0)
Secukinumab 2 (1.4) 2 (0.3) 0 (0.0) 0 (0.0)
Guselkumab I (0.7) I (1.0) 0 (0.0) 0 (0.0)
Rituximab 2 (1.4) 2 (5.9 0 (0.0) 0 (0.0)
Other 12 (8.1) 2 (0.3) 10 (18.2) 0 (0.0)
Small molecule 6 (4.1) 2 (0.3) 4 (7.3) 0 (0.0)
Apremilast I (0.7) I (1.0) 0 (0.0) 0 (0.0)
JAK-kinase 534 I (1.0) 4 (7.3) 0 (0.0)
Immunosuppression 135 (91.2) 75 (97.4) 50 (91.0) 11 (64.7)
Cyclosporine I (7.4) I (14.2) 0 (0.0) 0 (0.0)
Corticosteroid 24 (16.2) 9 (6.1) 14 (25.5) 1 (5.9)
Combination 96 (64.9) 52 (67.5) 36 (63.6) 9 (52.9)
Other 4(2.8) 3 (4.0) 0 (0.0) I (5.9)
Immunomodulator 65 (43.9) 32 (41.6) 28 (51.9) 6 (35.4)
Dapsone 30 (20.3) I (14.2) 16 (29.2) 4 (23.6)
Thalidomide 4(2.8) 2 (0.3) 2 (3.6) 0 (0.0)
Combination 17 (11.5) 14 (18.2) 1 (1.8) 2(11.8)
IVIG 25 (16.9) 7 (9.1) 15 (27.3) 3(17.6)
Other 3 (2.0) 3 (4.0) 0 (0.0) 0 (0.0)
(Continued)
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Table 4 (Continued).
All Recalcitrant Refractory Resistant
(n=148) (n=77) (n=55) (n=17)
Topical 42 (28.4) 23 (30.0) 9 (l16.4) 10 (58.8)
Calcineurin inhibitor 3 (2.0) 2 (0.3) 0 (0.0) I (5.9)
Corticosteroid 19 (12.8) 5 (6.0) 6 (10.9) 8 (47.1)
Combination 14 (9.5) 10 (13.0) 3 (5.5) I (5.9)
Other 6 (4.1) 6 (7.8) 0 (0.0 0 (0.0
Surgical 14 (9.5) 7(9.0) 5.1 2(11.8)
Intramuscular 9 (6.1) 4 (5.2) 5.1 I (5.9)
Infusion 10 (6.8) 334 4 (7.3) 3(17.7)
Transfer factor 1 (0.7) 0 (0.0 0 (0.0 I (5.9)
Plasma exchange 8 (5.6) 2 (0.3) 4 (7.3) 2(11.8)
Hyperbaric oxygen 8 (5.6) 3 (4.0) 4 (7.3) 2(11.8)
Wound care 8 (5.6) 6 (7.8) 2 (3.6) 0 (0.0
Negative pressure wound therapy | 7 (4.7) 4 (5.2) 3 (5.5 0 (0.0)
Other 16 (11.2) 6 (7.8) 9 (16.4) I (5.9)
Table 5 Outcome. Data Given as Numbers (Percentages) of Patients
All Recalcitrant Refractory Resistant
(n=148) (n=77) (n=55) (n=17)
Progression despite therapy
Yes 77 (52.0) 43 (55.8) 28 (50.9) 7 (41.2)
No 33 (22.3) 15 (19.5) 14 (25.5) 4 (23.5)
Not reported 38 (25.7) 19 (24.7) 13 (23.6) 6 (35.3)
Recurrence
Yes 39 (26.4) 25 (32.5) 11 (20.0) 3(17.7)
No 71 (48.0) 35 (45.5) 30 (54.6) 7 (41.2)
Not reported 38 (25.7) 17 (22.1) 14 (25.5) 7 (41.2)
Healed 111 (75.0) 60 (77.9) 38 (69.1) 14 (82.4)
Time to heal
Within 6 months 58 (52.3) 26 (43.3) 23 (60.5) 10 (71.4)
Within 12 months 14 (12.6) 5(8.3) 8 (21.1) 1 (7.1)
Over 12 months 16 (14.4) 8 (13.3) 5(13.2) 3 (214
Not reported 23 (20.7) 21 (35.0) 2 (5.3) 0 (0.0)
# failed treatments
0 15 (13.5) 10 (16.7) 0 (0.0 5(35.7)
[ 10 (9.0) 4 (6.7) 4 (10.5) 2 (14.3)
2 13 (11.8) 8 (13.3) 5(13.2) 0 (0.0)
3 19 (17.1) 8 (13.3) 10 (26.3) I (7.1)
3+ 54 (48.6) 30 (50.0) 19 (50.0) 6 (42.9)
Successful treatment
Anti-inflammatory 1 (0.9) 0 (0.0) 1 (2.6) 0 (0.0)
Biologic 39 (35.1) 18 (30.0) 19 (50.0) 2 (143)
Small molecule 3(27) I (1.7) 2 (5.3) 0 (0.0)
Immunosuppression 21 (18.9) 19 31.7) 1 (2.6) 1 (7.1)
Immunomodulator 23 (20.7) 13 (21.7) 7 (18.4) 2 (14.3)
Topical 13 (11.7) 5(8.3) 1 (2.6) 7 (50.0)
Surgical 3(27) I (1.7) 1 (2.6) 1 (7.1)
Intramuscular 15 (13.5) 13 (21.7) 1 (2.6) 1 (7.1)
Infusion 3(27) I (1.7) 1 (2.6) 2 (143)
Other 13 (11.7) 5(8.3) 8 (21.1) 0 (0.0)
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failed more than three treatment options in the process. Of those who healed, successful treatment modality was mostly
seen on biologic medications in 39 cases (35.1%), systemic immunosuppression in 20 cases (18.0%), immunomodulators
in 23 cases (20.7%), and intramuscular corticosteroids in 15 cases (13.5%).

In the 37 cases (25.0%) who did not heal, several had additional burdens of disease: large ulcer in 9 cases (24.3%),
three or more ulcers in 8 cases (21.6%), underlying inflammatory bowel disease in 8 cases (21.6%), a positive
microbiological culture in 7 cases (18.9%), diabetes and/or hypertension in 7 cases (18.9%), underlying arthritis in 5
cases (13.5%), ulcer with a depth to tendon or muscle in 4 cases (10.8%), obesity in 3 cases (8.1%), more than three
months to diagnosis in 3 cases (8.1%), and age over 66 years in 3 cases (8.1%).

Discussion

In this retrospective review of 148 PG case studies described as “recalcitrant”, “refractory”, or “resistant”, we found most
patients did not have significant prior medical history or risk factors predisposing them to a more severe course. Despite
being labeled as having more aggressive manifestations of PG, most patients healed within a time frame that has been
described previously (within 6 months) and commonly responded to biologics.

Consistent with previous work, a greater prevalence of PG was observed among female patients and most cases
involved the lower extremity or trunk (when occurring as peristomal ulcers)."*'* Similarly, a history of inflammatory
bowel disease was common with a prevalence of 13.6-31% among patients with a reported past medical history, a well-
documented comorbidity in patients with PG.>*°

It is interesting that though only 7% of patients reported a past medical history of blood disorders, 55% had
a diagnosis of monoclonal gammopathy of unknown significance (MGUS). This could potentially reflect a hesitancy
for physicians to treat PG in these patients more aggressively due to concern for cancerous conversion leading to PG
progression and recurrence.'' While the risks and benefits for each individual patient may alter treatment protocols,
earlier, more aggressive PG treatment in patients with a history of MGUS might prevent PG progression thereby
decreasing overall morbidity. It is also possible the increased relative incidence of MGUS among patients presented in
this review points to yet undiscovered changes to the immune system with MGUS which predispose patients to PG.

Note that over 2/3 of cases did not receive immunosuppressive treatment before receiving the diagnosis of PG which
might have contributed to the recalcitrant stage when later receiving appropriate treatment. Moreover, over a 1/3 of cases
were prescribed a systemic antibiotic to aid treatment of their ulcer, aligning with previous studies,'? however only
14.2% of cases described a positive microbiological culture. This discrepancy may be due to misdiagnosis of PG, use of
antimicrobial agents with anti-inflammatory properties, inadequate reporting of culture results, or prophylactic treatment
of high-risk immunocompromised patients.'*'*

Despite an aggressive PG course, few patients had significant reported past medical history, with many described as
previously healthy prior to PG onset. As comorbidities affecting wound healing, such as venous stasis dermatitis, have
been reported in association with PG with incidence as high as 16%,° a lack of previous medical history may have
delayed more aggressive treatment in these patients. Comorbid conditions present a particular challenge in PG patients as
it can be difficult to ascertain the benefit of a therapy on PG itself versus its benefit in treating a comorbid condition, such
as IBD or autoimmune disease, which may worsen PG symptoms and therefore mask the direct effect of a particular
drug. For example, biologics are commonly used in the treatment of IBD but their effect on PG in a particular patient
may or may not improve the patient’s PG, and if it does improve, it is often unclear if this is a direct effect of the biologic
on the PG itself or due to the biologic’s improvement of the patient’s IBD, thereby improving their PG indirectly.
However, many patients with difficult to treat PG did not have significant past medical history (eg IBD) which may
reflect the current insurance landscape in which paradoxically the presence of a comorbidity can expedite insurance
coverage for certain medications, such as biologics. This could worsen outcomes for patients previously healthy prior to
PG onset, though additional research is needed to further investigate such associations due to numerous confounders such
as social determinants of health which also influence health status and interactions with health systems.

Even with use of three or more treatments, most patients healed within the typical window observed in clinical

15,16

trials with low rates of recurrence. Biologics were the most common medication patients were on at the time of

healing, though most patients were maintained on multiple therapies concurrently and therefore the precise added benefit
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of a biologic cannot be quantified from these results. There are numerous reports in the literature of the benefit of
biologics in treatment-resistant cases of PG, with adalimumab and infliximab being perhaps the most well-
documented.'®'® Of note, while such agents continue to be used off-label in the United States, Japan has recently
approved adalimumab for use in PG which could be seen as an indication of the growing consensus regarding the benefit
of biologics in PG."” Therefore, the observed benefit from biologics we observed in our review might argue for a lower
threshold to begin a biologic in PG patients, such as a patient who has failed two or more previous treatments. The
reinforced utility of biologics also advances a need for a decreased threshold for prior authorizations even without
comorbidities given the observed clinical benefit for PG patients.?

Our review also emphasizes the need for standardization of language within the field. The terms “recalcitrant”,
“refractory”, and “resistant” were sometimes used interchangeably even within the same paper without a clear meaning
of their respective clinical significance. Differences in classification of difficult to treat PG may simply reflect semantic
variance between geographic region, physician background, or journal type rather than reflect clinically distinct disease
manifestations. The indiscriminate use of such similar terms may obscure real clinical differences between presentations
and there is benefit to defining the clinical course for each subgroup to determine if there are differences which could
better guide management.

Furthermore, standardization of language in the field would help mitigate misdiagnosis, thereby reducing time to
diagnosis and treatment and hopefully resulting in improved outcomes and decreased burden of disease. PG remains
largely a clinical diagnosis despite the emergence of diagnostic criteria which have yet to be broadly adopted, resulting in
misdiagnosis.>' Due to the lack of diagnostic criteria or lack of reporting of diagnostic reasoning outlined in this review
such trends cannot be identified herein, though the authors acknowledge differences in diagnostic standards influence
patient outcomes and increased adherence to diagnostic criteria have been described to improve patient outcomes due to
decreased misdiagnosis and optimized management.'® The use of standardized language and diagnostic criteria would
improve both research methodology but more importantly patient outcomes. Efforts to standardize PG research, such as
work by the C3 UPGRADE (Understanding Pyoderma Gangrenosum: Review and Analysis of Disease Effects)
initiative'” are a crucial step though more work is needed for such initiatives to be more universally adopted.

Limitations for this study include, notably, publication bias which may artificially inflate the number of cases reported
as healed. Previous reports of PG treatment efficacy have estimated the percentage healed as closer to 47% in a study
comparing ulcer healing in response to cyclosporine or prednisone after six months'> while an analysis of patients in
a registry from our institution found a healing rate of only 38% over nine months in response to various treatments.**
Therefore, the true healing rate in difficult to treat cases of PG may be lower than we identified. While gaps in reported
data were minimized as much as possible through coding and analysis, a significant percentage of measured outcomes
were not reported in the reviewed cases and therefore could not be analyzed.

Finally, management of PG remains challenging due to the diverse presentation of the disease and heterogeneity in
treatment response to standard therapeutics, with many patients presenting with difficult to treat PG labeled as
“refractory”, “recalcitrant”, or “resistant”. Our literature review did not identify specific risk factors predisposing patients
to such a challenging disease course, however most patients did heal within a clinically acceptable period and commonly
responded to biologics. We also propose treatment of such cases may be impeded by imprecise diagnosis and description
by relying on dated terminology which does not carry clinical significance. A better understanding of patient character-
istics associated with difficult to treat cases is needed to better stratify risk and provide more targeted, earlier
intervention.”® Additionally, widespread usage of diagnostic criteria and standardization of language within the field
would further facilitate early diagnosis and classification of severity and improve patient outcomes with timely inter-
vention and management. Future directions will include molecular and genetic analysis in a controlled clinical setting
(eg, clinical trial) to determine the true impact of new therapeutics in the healing of PG patients as well as continued
research into the mechanisms of biologics in this patient population to better understand benefits and predict patient
response to specific agents.
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