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Abstract Pyoderma gangrenosum (PG) is a rare neu-

trophilic dermatosis that may be caused by an adverse drug

reaction. We discuss the clinical presentation and outcomes

of 52 cases of drug-induced PG reported to date in the

literature. We conducted our literature search for case

reports of drug-induced PG using keywords on PubMed and

Medical Subject Heading (MeSH) terms on MEDLINE and

EMBASE. To assess the probability that each case of PG

was related to drug therapy, we used the Naranjo criteria.

We identified 44 studies in the literature, with a total of 52

cases of drug-induced PG. The mean Naranjo score for

cocaine-induced PG (n = 13) was 9.4, indicating a definite

adverse drug reaction, while the mean Naranjo scores for

isotretinoin (n = 5), propylthiouracil (n = 5), and sunitinib

(n = 5) were 6.2, 6.8, and 7.4, respectively, indicating

probable adverse drug reactions. Drugs should be consid-

ered as a possible triggering event whenever PG is diag-

nosed, and clinicians should particularly consider this in

patients taking isotretinoin, propylthiouracil, or sunitinib, as

well as in patients with a history of cocaine use.

Key Points

Cocaine-induced pyoderma gangrenosum (PG) is a

definite adverse drug reaction.

PG associated with isotretinoin, propylthiouracil, and

sunitinib is a probable adverse drug reaction.

Onset can be years after a drug is started and there is

no specific clinical or pathological pattern that

suggests drug-induced PG.

1 Introduction

Pyoderma gangrenosum (PG) is a rare neutrophilic der-

matosis. It is characterized by painful, sterile ulcers, often

occurring on the lower legs and trunk, and most cases occur

in adults aged 30–50 years [1]. PG is polygenic and

autoinflammatory in nature [2]. There is overexpression of

interleukin (IL)-1b, IL-17, tumour necrosis factor (TNF)-a,
and multiple chemokines, which supports the mechanism

of neutrophil activation and migration [2, 3]. Genetic

analysis in PG has shown mutations in several known

autoinflammatory genes, including MEFV and PSTPIP1

[2].

In 50% of cases, PG is associated with underlying dis-

ease, most commonly inflammatory bowel disease (IBD),

rheumatoid arthritis, myelodysplastic syndrome (MDS), or

haematologic malignancies [1, 4]. There are four major

clinical variants of PG: ulcerative, pustular, bullous, and

vegetative, with ulcerative being the most common by far

[4]. Treatment is focused on immunosuppression.

& Afsaneh Alavi

afsaneh.alavi@mail.utoronto.ca

1 Faculty of Medicine, University of Toronto, Toronto, ON,

Canada

2 Department of Dermatology, Zürich University Hospital,
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Drug-induced PG is a rare adverse cutaneous drug

reaction and its diagnosis can be challenging. Drugs that

have been implicated to date are propylthiouracil, granu-

locyte colony-stimulating factor (G-CSF), and sunitinib

[4, 5]. In this review, we discuss the clinical presentation

and outcomes of 52 cases of drug-induced PG reported to

date in the literature.

2 Methods

We conducted our literature search for case reports of drug-

induced PG using keywords on PubMed, and Medical

Subject Heading (MeSH) terms on MEDLINE and

EMBASE. We then used snowballing and forward citation

tracking of selected articles to identify additional relevant

studies.

We included articles where a diagnosis of PG was made

either based on clinical suspicion alone or with the aid of

biopsy. Articles were excluded if there was a high clinical

suspicion of alternative diagnoses, such as Sweet’s syn-

drome, unspecified neutrophilic dermatoses, or autoim-

mune vasculitides. Two articles were not available in the

English language and one article was not available through

our institution’s library system [6–8]. In these three cases,

we extracted data from abstracts.

To assess the probability that each case of PG was

related to drug therapy, we used the Naranjo criteria

(Table 1) [9]. Two reviewers each independently scored

half of the cases and then checked each other’s scores. Any

discrepancies were discussed with the primary investigator.

For question 1, we scored ‘yes’ only if there were other

conclusive reports of that particular drug implicated in PG,

and not other drugs within the same class; for question 3,

we scored ‘no’ if the lesions did not improve with dis-

continuation of the suspected drug or did not respond to

systemic corticosteroids; for question 5, we scored ‘yes’ if

any of the following associated diseases were present:

MDS, any haematologic malignancy, rheumatoid arthritis,

or IBD; and for question 7, we scored ‘yes’ if the drug was

detected in body fluids in any concentration as there are

presently no data to support dose dependence of drug-in-

duced PG.

According to the Naranjo criteria, a score of 1–4 indi-

cates a possible adverse drug reaction, a score of 5–8

indicates a probable adverse drug reaction, and a score of

9–13 indicates a definite adverse drug reaction.

3 Results

We identified 44 case reports (or case series) in the liter-

ature, with a total of 52 cases of drug-induced PG

(Table 2). The majority of investigators used biopsy to

support their diagnosis or to exclude other causes. In only

five reports, diagnosis was made based on clinical exami-

nation and history alone [10–14]. Su et al. developed

guidelines for the diagnosis of ulcerative PG, in which two

major criteria and two of four minor criteria must be met

[15]. The two major criteria are morphology consistent

with PG and exclusion of other causes, while the four

minor criteria are pathergy or cribriform scarring, systemic

disease associated with PG, histopathologic findings, and

response to immunosuppression [15]. Of the 50 cases of

ulcerative PG, 35 met these criteria, 10 did not

[10, 11, 13, 14, 16–21], and there were insufficient diag-

nostic data in 5 cases [6–8, 22, 23]. Two cases were bullous

PG [24, 25].

For all drugs, with the exception of cocaine, none of the

investigators attempted to administer placebo, or to mea-

sure serum or urine drug levels; therefore, there was a

ceiling Naranjo score of 11 for all prescription therapeutic

drugs.

Our study identified only two drugs reported in the lit-

erature indicating definite adverse drug reactions (mean

Naranjo score 9–13), i.e. cocaine and imatinib, and 13

Table 1 Naranjo Adverse Drug Reaction Probability Scale [9]

Question Yes No Don’t know

1. Are there previous conclusive reports on this reaction? ?1 0 0

2. Did the adverse event occur after the suspected drug was administered? ?2 -1 0

3. Did the adverse reaction improve when the drug was discontinued or a specific antagonist was administered? ?1 0 0

4. Did the adverse reaction reappear when the drug was readministered? ?2 -1 0

5. Are there alternative causes (other than the drug) that could have on their own caused the reaction? -1 ?2 0

6. Did the reaction reappear when a placebo was given? -1 ?1 0

7. Was the drug detected in the blood (or other fluids) in concentrations known to be toxic? ?1 0 0

8. Was the reaction more severe when the dose was increased or less severe when the dose was decreased? ?1 0 0

9. Did the patient have a similar reaction to the same or similar drugs in any previous exposure? ?1 0 0

10. Was the adverse event confirmed by any objective evidence? ?1 0 0
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drugs indicating probable adverse drug reactions (mean

Naranjo score 5–8), i.e. propylthiouracil, isotretinoin,

interferon, sunitinib, gefitinib, enoxaparin, erythropoietin,

pazopanib, etanercept, ipilimumab, azacitidine, ali-

tretinoin, and ciprofloxacin. Five drugs indicated possible

adverse drug reactions (mean Naranjo score 1–4), i.e.

G-CSF, infliximab, adalimumab, lenalidomide, and red

tattoo dye.

3.1 Isotretinoin

All five patients were being treated for severe acne vul-

garis, at a dose of 0.5–1 mg/kg/day [10, 12, 26–28]. In four

patients, PG onset was 2–6 weeks after initiation of iso-

tretinoin [10, 12, 26, 28]. In the last patient, PG onset was

3 years later [27], however this patient was later confirmed

to have MDS. All five patients presented with lesions on

the trunk, and two patients also had limb lesions. All

patients experienced ulcer healing with discontinuation of

isotretinoin and systemic immunosuppressive therapy

(corticosteroids, dapsone, or mycophenolate mofetil). The

mean Naranjo score for all cases was 6.2.

3.2 Propylthiouracil

All five reported patients were females being treated for

hyperthyroidism [6, 29–32]. Four patients presented with

PG on the limbs [6, 29–31] and one presented with PG on

the trunk [32]. Lesions appeared between 1.5 and 6 years

after propylthiouracil was initiated. In all cases, ulcer

healing was observed with discontinuation of propylth-

iouracil and initiation of systemic corticosteroid therapy.

Time to re-epithelialization, reported in four cases, was

2–8 weeks [6, 29–31]. The mean Naranjo score for all

cases was 6.8.

3.3 Granulocyte Colony-Stimulating Factor

and Other Subcutaneous Injection Medications

Drug-induced PG secondary to G-CSF was reported in five

patients [24, 33–35], four of whom had concurrent under-

lying illnesses that were significant risk factors: MDS

(n = 2) [24, 34] and Hodgkin’s lymphoma (n = 2)

[33, 35]. The location of lesions was variable between

patients and occurred at injection sites in only one patient

[35]. In all cases, ulcers gradually improved with discon-

tinuation of G-CSF and systemic corticosteroid therapy.

One patient relapsed 7 months after stopping G-CSF and

required cyclosporine 600 mg/day for control [24]. The

mean Naranjo score for all cases was 4.2.

Interferon was implicated in drug-induced PG in three

cases [8, 36, 37], two of which presented with lesions at

injection sites [36, 37]. Onset of PG varied from 1 month

to 5 years. All three patients experienced wound healing

with discontinuation of interferon and initiation of

immunosuppressive therapy (corticosteroids, or cyclos-

porine). The mean Naranjo score for all cases was 5.3.

One patient developed PG at the injection site of

enoxaparin (Naranjo = 5) [14], while another patient

developed PG at the injection site of erythropoietin (Nar-

anjo = 5) [38].

3.4 Tyrosine Kinase Inhibitors

There were five reports of patients developing PG while

taking sunitinib, all of whom were being treated for

malignant solid tumours [16, 17, 39–41]. All five patients

presented with lesions restricted to the lower limbs. The

range of time to onset of PG, reported in four cases, was

1–18 months [17, 39–41]. Two patients were on a dosing

regimen of 4 weeks on and 2 weeks off [39, 40]; one of

these patients experienced transient improvement in the

ulcers during every 2-weeks-off period [39]. Four patients

responded well to systemic corticosteroids and discontin-

uation of sunitinib [16, 17, 39, 41], while in the fifth

patient, sunitinib was continued, despite the occurrence of

PG [40]. This patient responded to systemic prednisolone

initially but relapsed 7 months later. At this time, sunitinib

was discontinued and the lesions resolved within 4 weeks.

The mean Naranjo score for all cases was 7.4.

Imatinib and gefitinib were reported to be associated

with PG in one patient each [13, 21]. In both cases, the

tyrosine kinase inhibitor (TKI) was reintroduced at a lower

dose. The patient taking imatinib developed recurrence of

PG at the same site [21], while the patient taking gefitinib

did not develop recurrence [13]. One case of pazopanib-

induced PG on the glans penis was reported [42]. This

patient had previously developed similar ulcerative lesions

diagnosed as PG while taking sunitinib. The mean Naranjo

score for non-sunitinib TKIs was 7.0.

3.5 Tumour Necros Factor-a Inhibitors

TNFa inhibitors have been successfully used to treat PG,

but we also identified five reports in the literature where

these drugs may have been implicated in causing PG

[22, 23, 43–45]. Three patients developed PG while taking

infliximab [43–45], two of whom had known diseases that

predispose to PG—one patient had ulcerative colitis, and

the other had rheumatoid arthritis. In the patient with

ulcerative colitis, infliximab was continued for disease

control and systemic corticosteroids were started [43].

Slow improvement of lesions was observed. In the patient

with rheumatoid arthritis, infliximab was stopped [44].

Etanercept was started for disease control and minocycline

was added for PG control. Ulcers healed and no relapses
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were observed on etanercept therapy. In the last patient,

ulcers resolved within 4 weeks of discontinuing infliximab,

without additional corticosteroid therapy [45].

One patient developed PG while taking adalimumab for

rheumatoid arthritis [39], however lesions did not improve

with discontinuation of adalimumab, and improvement was

only seen once systemic corticosteroids were initiated. The

mean Naranjo score for all cases of TNFa inhibitors was

4.6.

3.6 Cocaine and Levamisole

Thirteen patients in five studies were reported to have

developed PG in association with chronic cocaine use

[7, 20, 46–48]. Eleven patients presented with limb lesions

[20, 46, 47] and one patient developed a Wegener’s gran-

ulomatosis-like syndrome at the same time as PG [20]. All

patients experienced relapse or worsening of PG that was

temporally correlated with repeated cocaine use, as con-

firmed by urine drug testing. Ulcers tended to improve with

cocaine abstinence and systemic immunosuppressive ther-

apy (corticosteroids, cyclosporine, cyclophosphamide,

infliximab, or mycophenolate mofetil). Three authors

strongly suspect the culprit agent to be levamisole rather

than cocaine [46–48]. In their geographical locations, a

large proportion of cocaine is contaminated with levami-

sole, although no formal laboratory testing was conducted

for confirmation. In their eight cases of cocaine-induced

PG, Jeong et al. report serologic findings that are similar to

patients with levamisole-associated vasculitis, namely

elevated P-ANCA, antimyeloperoxidase antibodies, and

antiphospholipid antibodies. The mean Naranjo score

among all studies was 9.4.

4 Discussion

Similar to classic PG, cases classified as possible or

probable drug-induced PG according to the Naranjo criteria

typically began as painful nodules or pustules, which then

progress to ulcers over the course of days to weeks. The

lesions tend to have boggy, necrotic, sometimes purulent

bases, with ragged, undermined borders and surrounding

erythema. Histologically, drug-induced PG, like classic

PG, presents as neutrophilic infiltration into the dermis,

with or without leukocytoclastic vasculitis. The size of the

ulcerations is variable, although they may progressively

become larger without appropriate treatment. Once healed,

permanent cribriform scarring often remains.

Pathergy (characterized by the development of PG at the

site of trauma) has been reported in 20–30% of patients

with PG. In cases where PG lesions develop after the

injection, pathergy is suspected to play a role.

The age and sex distribution of patients who develop

drug-induced PG is comparable with the age and sex dis-

tribution of patients receiving the suspected drugs (i.e.

females taking propylthiouracil for Grave’s disease, and

young adult males taking isotretinoin for acne vulgaris)

(Table 2). Based on the sample size available, there

appears to be no demographic risk for drug-induced PG.

Eleven patients (22%) in our sample had a concurrent

underlying disease that predisposed them to developing

PG: MDS (n = 4), haematologic malignancy (n = 4),

rheumatoid arthritis (n = 2), or IBD (n = 1). This is

appreciably lower than the reported incidence of 50% of all

PG patients having underlying disease [1, 4]. This differ-

ence suggests that the use of drugs discussed in this paper

is a risk factor for PG.

The strongest evidence for drug-induced PG concerns

cocaine and levamisole. Because patients often continued

cocaine use after the onset of PG, we have evidence of

temporal correlation between cocaine use and relapse or

worsening of ulcers. The Naranjo scores for these cases are

9 or 10, suggesting that the occurrence of PG is definitely

linked to cocaine use. Therefore, if PG is suspected, it is

important to ascertain cocaine use in the patient’s history.

Because levamisole is known to cause other immune-me-

diated reactions, such as vasculitis, there is a clinical sus-

picion of levamisole being the cause of PG in these cases;

however, no laboratory testing was performed to confirm

the presence of serum or urine levamisole in these patients.

Three drugs, i.e. propylthiouracil (n = 5), isotretinoin

(n = 5), and sunitinib (n = 5), demonstrated consistently high

(5 or greater)Naranjo scores inmultiple case reports, suggesting

that for these drugs, PG was a probable adverse drug reaction.

TNFa inhibitors have been shown to effectively treat

refractory PG; however, there were five reports of this class

of drugs causing PG. All five of these patients had systemic

inflammatory disease, for which TNFa inhibitors were

indicated. Therefore, it is suspected that these drugs did not

in fact cause PG, but rather failed to suppress it [23].

Alternatively, these may represent paradoxical reactions

due to a shift towards T helper-17 polarization.

Drug-induced PG is frequently initially misdiagnosed as

bacterial infection. Although wounds may become secon-

darily infected, systemic antibiotics provide little to no

relief. As is the case with all severe adverse drug reactions,

the mainstay of therapy is discontinuation of the suspected

drug. Systemic corticosteroids and immunosuppressive

agents can accelerate healing time but are not curative if

the causative drug is continued.

Ultimately, drug-induced PG poses a diagnostic chal-

lenge. Due to the severity of the reaction, giving placebo or

rechallenging the drug is usually unacceptable. Therefore,

correlation between drug administration and PG may be

difficult to establish.
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4.1 Limitations

Drug-induced PG is a very rare adverse event with no

standard for diagnosis. Therefore, it is possible that some

of these cases were misdiagnosed and were not in fact

drug-induced PG. This is particularly an issue in the case of

cocaine as some cases may present similar to, or concur-

rently with, Wegener’s granulomatosis [20].

5 Conclusions

Drug-induced PG is a rare but serious adverse drug reac-

tion. Drugs should be considered as a possible triggering

event whenever PG is suspected or diagnosed. Where there

is clinical suspicion of this reaction, the suspected drug

should be discontinued immediately. It is important to

recognize that the onset of PG can be years after a therapy

is started and that there is no specific clinical or patho-

logical pattern that suggests drug-induced PG. Clinicians

should particularly consider drug causes for PG in patients

taking propylthiouracil, isotretinoin, or sunitinib, and in

patients with a history of cocaine use.
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