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Abstract
Background  Studies have found an increased risk of pyoderma gangrenosum associated with rituximab. The structural 
properties and pharmacological action of rituximab may affect the risk of pyoderma gangrenosum. Additionally, pyoderma 
gangrenosum is associated with autoimmune disorders for which rituximab is indicated.
Objective  We aimed to determine whether rituximab is disproportionally associated with pyoderma gangrenosum using a 
systems biology-informed approach.
Methods  Adverse event reports were extracted from the US Food and Drug Administration Adverse Event Reporting Sys-
tem (FAERS, 2013–20). The Bayesian Confidence Propagation Neural Network Information Component was used to test 
for disproportionality. Comparators used to determine potential causal pathways included all other medicines, all medicines 
with a similar structure (monoclonal antibodies), all medicines with the same pharmacological target (CD20 antagonists) and 
all medicines used for the same indication(s) as rituximab.
Results  Thirty-two pyoderma gangrenosum cases were identified, 62.5% were female, with a median age of 48 years. There 
was an increased association of pyoderma gangrenosum with rituximab compared with all other medicines (exponentiated 
Information Component 6.75, 95% confidence interval (CI) 4.66–9.23). No association was observed when the comparator 
was either monoclonal antibodies or CD20 antagonists. Conditions for which an association of pyoderma gangrenosum with 
rituximab was observed were multiple sclerosis (6.68, 95% CI 1.63–15.15), rheumatoid arthritis (2.67, 95% CI 1.14–4.80) 
and non-Hodgkin’s lymphoma (2.94, 95% CI 1.80–3.73).
Conclusions  Pyoderma gangrenosum was reported more frequently with rituximab compared with all other medicines. 
The varying results when restricting medicines for the same condition suggest the potential for confounding by indication. 
Post-market surveillance of biologic medicines in  FAERS should consider a multi-faceted approach, particularly when the 
outcome of interest is associated with the underlying immune condition being treated by the medicine of interest.
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Key Points 

It is difficult to understand the plausibility of an adverse 
drug reaction if the medicine is confounded by indica-
tion.

Biologic medicines have been associated with immune-
mediated adverse drug reactions when used for autoim-
mune disorders.

A systems biology-informed approach to estimate asso-
ciations using spontaneous reports of adverse drug reac-
tions may be useful in understanding the causal pathway 
for a potential increase in risk, adjusting for confounding 
and provide evidence of causal coherence.

1  Introduction

Regulatory authorities rely on spontaneous reporting sys-
tems to monitor the post-market safety of medicines. Spon-
taneous reports are submitted by medicine sponsors, health 
practitioners and the public to regulatory agencies around 
the world [1]. Analyses of these data can be effective in 
alerting regulatory agencies to potential medicine-related 
harm for further investigation. However, there are limita-
tions with this system because of under-reporting of adverse 
events. Further, it is often challenging to attribute causality 
and accurately inform regulatory processes owing to a lack 
of clinical information and baseline rates of disease [2]. It 
may be difficult to determine whether an adverse drug reac-
tion (ADR) identified for a medicine is plausible if both 
the medicine and the indication are associated with or con-
founded by the indication for which the medicine is used. 
This is particularly the case for safety signals detected with 
biologic medicines and immune-mediated side effects.

Biologic medicines are increasingly used in the man-
agement of high-burden chronic autoimmune diseases and 
cancers, [3, 4]; however, knowledge regarding the safety 
of biologic medicines is limited, as pre-marketing studies 
often have small sample sizes and short follow-up periods 
[3, 5]. Additionally, their unique structural and pharmaco-
logical actions may affect the risk of ADRs.

Rituximab, first introduced in the late 1990s for the 
treatment of B-cell non-Hodgkin’s lymphoma [3, 4, 6] and 
subsequently for rheumatoid arthritis and B-cell chronic 
lymphocytic leukaemia [3], acts by targeting CD20, a spe-
cific B-cell antigen, which results in cellular destruction 
[7]. Common ADRs associated with rituximab include 
immune-mediated infusion reactions and infections [6, 

7] while rare adverse reactions include Merkel cell car-
cinoma, Stevens–Johnson syndrome and toxic epidermal 
necrolysis [7–9]. In a recent study using spontaneous 
reports collected by the US Food and Drug Administra-
tion, a three-fold increase in the association of pyoderma 
gangrenosum (PG) was observed with the use of rituximab 
when compared with all other medicines [10]. Pyoderma 
gangrenosum is a rare inflammatory skin disease first 
described in 1916 with an estimated incidence of 1–5.8 
per 100,000 per year [11, 12]. Pyoderma gangrenosum 
behaves in an unpredictable manner with eight variants 
of PG currently described in the literature [11]. These 
variants differ by site and type of ulceration, degree of 
progression of disease and response to therapy [11]. The 
pathology is thought to include both innate and adaptive 
immune responses together with a genetic component [12] 
and PG is more common among people with systemic 
autoimmune disorders such as inflammatory bowel dis-
ease (30%), rheumatoid arthritis (25%) and haematological 
malignancies (25%) [11, 13].

There is no gold standard treatment for PG and treat-
ment regimes are currently based on expert opinion, case 
studies and small cohort studies [12]; however, wound care 
and analgesia are the cornerstone for the management of 
PG [14]. Several biologic medicines have also been shown 
to be effective in treating PG including infliximab and 
rituximab [10, 12, 13].

Given the place of rituximab in therapy, and the poten-
tial for an increased risk of PG in conditions for which 
rituximab is used, we aimed to investigate the suspected 
signal of PG associated with rituximab using the US Food 
and Drug Administration Adverse Event Reporting System 
(FAERS) database. To do this, we used a systems biol-
ogy informed approach in which we aimed to determine 
whether rituximab is associated with an increased risk of 
PG when compared to all other medicines with the same 
structure as rituximab (monoclonal antibodies [mAbs]), 
the same pharmacological target (CD20 antagonists) and 
when restricted to medicines used for the same indication 
as rituximab (e.g., non-Hodgkin’s lymphoma). A systems 
biology approach uses a network of factors to determine 
the influence of interacting human and medicinal traits on 
the risk of an ADR [15]. In this study, we have leveraged 
the systems biology concepts that the chemical structure 
or pharmacological target of a medicine can influence the 
risk of an ADR. We have combined these concepts with 
an additional sub-population analysis to adjust for con-
founding by indication. This approach may be useful in 
understanding the causal pathway for a potential increase 
in the risk of an ADR from complex immunomodulating 
molecules used to treat chronic autoimmune disorders such 
as biologic medicines [16–20].
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2 � Objective

The objective of this study was to determine whether rituxi-
mab is disproportionally associated with PG using a systems 
biology approach.

3 � Methods

3.1 � Data Source and Preparation

Adverse drug reaction case reports were sourced from 
FAERS online quarterly extracts from 1 January, 2013 (shift 
from legacy Adverse Event Reporting System to FAERs 
files) to 30 September, 2020 (latest reporting period at time 
of study) [21]. FAERS is the US spontaneous reporting sys-
tem for ADRs. To date, it contains over 24 million ADR 
reports from industry, clinicians and consumers [22]. Rel-
evant demographic, exposure and outcome variables were 
extracted, where available (Table 1).

3.2 � Identification of Outcome (PG) and Indications

In FAERS, the ADR terms and indication for each medicine 
are provided as Preferred Term level labels of the Medical 
Dictionary for Regulatory Activities (MedDRA) [23, 24]. 
Pyoderma gangrenosum was identified by a report of “Pyo-
derma Gangrenosum” (MedDRA Code = 10037635).

Comparator ADRs included all other ADRs excluding 
skin conditions [System Organ Class categorisation of skin 
and subcutaneous tissue disorders [23]]. This approach was 
employed to ensure competing or similar adverse events 
were removed from the baseline ADR counts to minimise 
misclassification. Adverse drug reactions were removed 
from the analysis if PG was the indication for any medicines 

taken by the patient prior to their report, as exposure should 
precede outcome.

3.3 � Identification of Exposure (Rituximab 
and Comparator Medicines)

Unlike ADRs and indications, medicine names in FAERS 
are not standardised. Medicine names can be entered in 
many forms including generic names, brand names and 
medicine synonyms. Misspellings including superfluous text 
are common. To optimise capture (and to minimise misclas-
sification) of all medicine entries, fuzzy string matching of 
medicine names was performed using a sequence of steps. 
First, the Observational Health Data Sciences and Informat-
ics common data model vocabulary files were used to find 
drug synonyms [25]. Second, FAERS data were queried 
to find potential valid medicine representations. Potential 
matches were extracted from the database if they met any of 
the following criteria (a) within a soundex distance of two 
(b) the first three letters were contained anywhere in the 
potential match, or (c) the last three letters are contained 
anywhere in the potential match. This list of potential 
matches including false positives were then assessed using 
a classification boundary based on regular expressions and 
full Damerau–Levenshtein distance [26]. From this list of 
medicine matches, a manual review of the match status was 
undertaken to finalise the set of records for extraction from 
FAERS for analysis. Fuzzy matching was undertaken for 
‘rituximab’, all ‘mAbs’ and all ‘CD20 antagonists’ (see 
Appendix A in the Electronic Supplementary Material 
[ESM] for a flow chart of fuzzy matching methodology).

Data were limited to medicines that were listed as “pri-
mary suspect” to the ADR. Records were also limited to the 
last case version of the report (case id) as is recommended 
by the Food and Drug Administration [27]. Patient demo-
graphics and indications for rituximab were linked via the 
primary id corresponding to the last case version for each 

Table 1   Modified systems biology approach to choosing a comparator for the disproportionality analysis in FAERS [15, 16, 20]

FAERS Food and Drug Administration Adverse Event Reporting System
a See Appendix B of the ESM for a list of comparator medicines

Comparator Rituximab-specific comparatora Approach

1 General All other medications in FAERS Overall
2 Chemical All other monoclonal antibodies Identify if risk is the same as other medicines with 

similar structural properties
3 Pharmacological (‘on-

target’)
All other CD20 antagonists Identify if risk is the same as other CD20 antagonists

4 Clinical indication with 3 
or more reports

All other medicines with a report for the 
following indications:

Rheumatoid arthritis
Multiple sclerosis
Non-Hodgkin’s lymphoma

Identify if the risk is confounded by the indication 
for the use of rituximab
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case id. Each list of comparator medicines was validated, 
prior to analysis, by clinical pharmacists (Appendix B of 
the ESM).

3.4 � Disproportionality Analysis

We employed the Bayesian Confidence Propagation Neural 
Network Information Component statistic, estimated using 
Markov Chain Monte Carlo simulation, as it is appropriate 
for small sample sizes [28–31]. We present an exponenti-
ated Information Component, denoted ratio scale Infor-
mation Component (RSIC), to report disproportionality 
estimates on the ratio scale as seen in common dispropor-
tionality statistics such as the reporting odds ratio and the 
proportional reporting ratio [28]. In our study, we consid-
ered all medicine-outcome pairs where there were at least 
three reports and a potential signal was identified when the 
RSIC estimate was >2 and the corresponding 95% confi-
dence interval (CI) lower bound was > 1 (significant at the α 
= 0.05) [32–34]. As well as estimating an overall association 
with ADRs, we used a systems biology informed approach 
to choosing comparator groups to determine if the associa-
tion varied according to chemical properties (mAbs vs all 
other medicines), pharmacological action (CD20 inhibitors 
vs all other medications) or clinical indication (autoimmune 
disease and all other indications) (Table 2).

4 � Results

There were 1105 reports of PG in the FAERS database, of 
which rituximab was the primary suspect in 32 cases and PG 
was not the indication for treatment (Table 2). Median age 
for rituximab PG cases and all other medicines was 48 and 
51 years, respectively. For reports where sex was recorded, 
100% of rituximab PG cases and 61.5% of all other medi-
cines PG cases were female. The PG cases were observed in 
every year of the study period.

When compared with all other medicines, rituximab had 
a significantly disproportional number of PG reports with a 
RSIC estimate of 6.55, 95% CI 4.52–8.95. When compared 
to all other mAbs, the disproportionality estimate for rituxi-
mab was non-significant (RSIC 1.11, 95% CI 0.77–1.51). 
Compared with other CD20s the disproportionality esti-
mate was 1.42 (95% CI 1.24–1.53), which does not meet 
the signal threshold. When analyses were limited to popu-
lations using medicines for rheumatoid arthritis, multiple 
sclerosis and non-Hodgkin’s lymphoma indications, there 
were significant measures of disproportionality estimated 
(Fig. 1 and Table 3); 3.57 (95% CI 1.78–5.95), 8.46 (95% 
CI 2.55–17.70), and 2.43 (95% CI 1.37–3.50), respectively.

5 � Discussion

This study used a systems biology-informed approach to 
assist with understanding of safety signals generated in 
spontaneous reports data. As found previously, there was 
a disproportional number of reports of PG associated with 
rituximab when compared with all other medicines, how-
ever, when restricted to medicines of similar structural 
or pharmacological properties, no association with PG 
was observed. When analyses were limited to the most 
common indications for the use of rituximab, rheumatoid 
arthritis, multiple sclerosis and non-Hodgkin’s lymphoma, 
an elevated risk profile was observed compared with the 
use of all other medicines for these indications. These 
results suggest that the apparent association between PG 
and rituximab may be due to the chemical properties or 
pharmacological actions of rituximab. When stratifying 
by the indication of the medicines, a signal was observed 
between PG and rituximab for multiple sclerosis; however, 
the association with rituximab and PG was lower in RA 
and non-Hodgkin’s lymphoma, suggesting that the under-
lying disease may modify the risk of PG. The wide CI for 
the multiple sclerosis analysis is due to a small sample size 
and should be interpreted with caution.

These results are useful for informing if there is an 
association between rituximab and PG and whether the 
potential signal requires further investigation using more 
robust pharmacoepidemiologic methods [17]. Small case 
studies and series have shown that in those who develop 
PG whilst receiving rituximab, cessation of rituximab has 
reversed the PG, whilst in contrast the initiation of rituxi-
mab has been demonstrated as a successful treatment for 
PG [10]. This clinical contradiction challenges the biologi-
cal plausibility of an association.

A 2021 pharmacovigilance study used a similar 
approach with respect to adjusting for the baseline risk of 
the outcome by stratifying by the medication indication 
[19]. This study estimated the risk of acute pancreatitis 
with sodium glucose co-transporter 2 inhibitors in Vig-
ibase, by restricting analyses to only medicines used for 
diabetes mellitus, as diabetes is a potential risk factor for 
pancreatitis. That study found that the majority of risk 
estimates were non-significant after restricting the anal-
ysis to diabetes only. The authors concluded that other 
mechanisms may be in play such as diabetic ketoacidosis-
induced acute pancreatitis rather than the medicine.

The strengths of the current study include the use of 
fuzzy matching to maximize case capture and minimise 
the misclassification of medicines. We also used a dis-
proportionality method, Bayesian Confidence Propagation 
Neural Network, which is appropriate for small sample 
sizes as it adjusts for small cell counts [28]. While our 
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Table 2   Report characteristics 
of PG cases in FAERS

Characteristic Rituximab (n = 32) Other medications (n = 1073)

Age (years)
 Median (IQR) 48 (30–60) 51 (35–63)

Age group (years)
 Known (%) 18 (56.3) 682 (63.7)
 Unknown (%) 14 (43.7) 391 (36.4)
 < 20 – 34 (3.2)
 20–29 5 (15.6) 65 (6.1)
 30–39 1 (3.1) 97 (9.0)
 40–49 3 (9.4) 118 (11.0)
 50–59 3 (9.4) 158 (14.7)
 60–69 4 (12.5) 115 (10.7)
 ≥ 70 2 (6.2) 95 (8.9)

Sex
 Known (%) 20 (62.5) 852 (79.4)
 Unknown (%) 12 (37.5) 221 (20.6)
 Female 20 (62.5) 555 (51.7)
 Male – 297 (27.7)

Year of report
 ≤ 2012 – 2 (0.2)
 2013 4 (12.5) 92 (8.6)
 2014 5 (15.6) 71 (6.6)
 2015 4 (12.5) 101 (9.4)
 2016 1 (3.1) 87 (8.1)
 2017 3 (9.4) 131 (12.2)
 2018 5 (15.6) 162 (15.1)
 2019 8 (25.0) 216 (20.1)
 2020 2 (6.2) 211 (19.7)

Country of report
 Australia 10 (31.2) 34 (3.2)
 Canada 3 (9.4) 284 (26.5)
 Europe 12 (37.5) 292 (27.2)
 Other 3 (9.4) 179 (16.7)
 USA 4 (12.5) 284 (26.5)

Duration of primary suspect treatment (years)
 Known (%) 11 (34.4) 534 (49.8)
 Unknown (%) 21 (65.6) 539 (50.2)
 < 1 4 (12.5) 343 (32.0)
 1–1.99 2 (6.2) 62 (5.8)
 2–2.99 – 37 (3.4)
 3–3.99 4 (12.5) 26 (2.4)
 4–4.99 – 12 (1.1)
 ≥ 5 1 (3.1) 54 (5.0)

Indication for primary suspect
 Known (%) 27 (84.4) 923 (86.0)
 Unknown (%) 5 (15.6) 150 (14.0)
 Other indications 4 (12.5) 324 (30.2)
 Crohn’s disease 0 (0) 287 (26.7)
 Colitis ulcerative 0 (0) 129 (12.0)
 Multiple sclerosis 4 (12.5) 10 (0.9)
 Non-Hodgkin’s lymphoma 9 (28.1) 8 (0.7)
 Rheumatoid arthritis 10 (31.2) 165 (15.4)



644	 J. B. Hillen et al.

estimate of risk when compared with all medicines was 
higher than that reported by the earlier study of Aggarwal 
[10], both studies found a positive association with rituxi-
mab and PG, despite different methodologies; however, 
the attenuation of disproportionality when we employed 
our approach suggests that confounding by indication may 
account for some of the association observed.

Our study has the same limitations of similar stud-
ies using voluntary reporting systems including under-
reporting and a lack of clinical details [19]. In this study, 
demographic details for age, sex, duration of treatment, 
comorbidities, re-challenge and de-challenge were missing 
for many cases and this may influence the outcomes of our 
study. In addition, the preferred terms for outcome used in 
this study may not have captured all cases.

In total, there were 155 reports missing the indication 
for treatment, which may have included PG. Of these, 97% 
were in the non-rituximab PG case cohort. If non-rituximab 
PG cases had a PG indication, then they would have been 

excluded from our analysis, as per inclusion criteria, and this 
would have resulted in a weaker signal.

A relatively large proportion of cases were reported from 
Australia. This may be because of international differences 
in clinical practices (e.g., diagnostics) or it may be owing 
to the fact that drug sponsors in Australia are mandated to 
report any ADR to the Therapeutic Goods Administration, 
potentially resulting in a higher reporting rate compared with 
other countries.

This study used spontaneous reporting data that may 
be influenced by the level of awareness of reporting ADRs 
amongst health professionals and in this case the level of 
skill in correctly diagnosing PG. Therefore, this study may 
have underestimated the overall numbers of PG occurring 
in the community.

Table 2   (continued) Characteristic Rituximab (n = 32) Other medications (n = 1073)

Reporter occupation type
 Consumer 1 (3.1) 349 (32.5)
 Health professional (other) 12 (37.5) 271 (25.3)
 Lawyer – 24 (2.2)
 Pharmacist 1 (3.1) 26 (2.4)
 Physician 18 (56.2) 392 (36.5)
 Unknown – 11 (1.0)

Dechallenge outcome
 Does not apply 1 (3.1) 46 (4.3)
 Negative dechallenge 2 (6.2) 53 (4.9)
 Positive dechallenge 4 (12.5) 148 (13.8)
 Unknown 25 (78.1) 826 (77.0)

Rechallenge outcome
 Does not apply 10 (31.2) 156 (14.5)
 Negative rechallenge 1 (3.1) 100 (9.3)
 Positive rechallenge – 6 (0.6)
 Unknown 21 (65.6) 811 (75.6)

Patient outcomesa

 Death 2 (5.0) 27 (2.0)
 Disability 2 (5.0) 32 (2.4)
 Hospitalisation, initial or prolonged 9 (22.5) 353 (26.2)
 Life threatening 3 (7.5) 15 (1.1)
 Other serious (important medical event) 24 (60.0) 876 (65.0)
 Required intervention to prevent permanent 

impairment/damage
– 2 (0.1)

 Unknown – 43 (3.2)

Values in parentheses are percentages unless stated otherwise
FAERS Food and Drug Administration Adverse Event Reporting System, IQR interquartile range, PG pyo-
derma gangrenosum
a More than one source or outcome is possible per report
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6 � Conclusions

This study identified an association between reports of 
PG associated with the use of rituximab; however, we 
have identified that there are plausible pathways that may 
explain this apparent association including the chemical 
structure or pharmacological action of the medicine. As 
rituximab is an effective treatment in life-threatening and 
chronic conditions of high morbidity and PG is a treatable 
condition of rare occurrence, these results do not change 
the risk/benefit profile of rituximab. Post-market surveil-
lance of biologic medicines using spontaneous reports 
data should consider leveraging concepts from the systems 
biology approach to ADR detection to determine if more 

sophisticated studies are required to strengthen the sig-
nal plausibility, particularly when the outcome of interest 
is associated with the underlying immune condition being 
treated by the medicine of interest.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40801-​022-​00322-6.
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