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ABSTRACT

Background and Aims: Corticosteroids are widely used in managing inflammatory bowel disease (IBD).
While adverse events (AEs) of cortico-steroids are well recognized, current understanding of
corticosteroid-related AE burden in IBD remains incomplete.

Methods: AE reports for prednisone/prednisolone and budesonide were extracted from the Food and

Drug Administration Adverse Event Reporting System (FAERS) and VigiBase databases. Total and
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frequently reported AEs were tabulated, and AEs of special interest were compared with reports for all
drugs using proportional reporting ratio criteria. Database reports were compared with AEs reported in
a patient survey capturing corticosteroid exposure and AE recall.

Results: In FAERS and VigiBase, 344 140 and 42 836 AEs were reported, respectively, in patients with
IBD; among these, 10 157 (3.0%) and 11 391 (26.6%), respectively, were related to
prednisone/prednisolone or budesonide. AEs associated with corticosteroid use in IBD increased over
time. Adrenal insufficiency, Cushingoid complications, osteonecrosis, osteoporosis, diabetes, and
pancreatitis were disproportionately reported for corticosteroids. Among 9229 patients who responded
to the survey, 6434 (69.7%) reported corticosteroid exposure. AEs were more frequently recalled by
patients exposed to prednisone (61.9%) vs budesonide (274%; p =0.0001). The most commonly recalled
AEs differed from those reported in the pharmacovigilance databases and included weight gain, sleep
problems, mood disturbance, and skin changes. Younger patients and those with mental health
disorders were more likely to recall suicidal thoughts/attempts.

Conclusions: Adverse events associated with IBD-related corticosteroid use were frequent. Patients
reported AEs affecting quality of life, while clinicians disproportionately reported AEs based on objective

diagnostic criteria.
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GRAPHICAL ABSTRACT
Adverse events associated with IBD-related corticosteroid (CS) use were frequent and

differed substantially between pharmacovigilance databases and a patient questionnaire
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1. Introduction

Due to their potent anti-inflammatory properties, corticosteroids have been widely used in treating
inflammatory bowel disease (IBD), which encompasses both Crohn’s disease (CD) and ulcerative colitis
(UC).* Corticosteroids can work effectively and rapidly in alleviating patients’ symptoms during disease
flares, improving patient comfort and providing short- term disease control.>* However, corticosteroids
do not provide long-term benefits and are associated with toxicities and increased mortality,
complications that are particularly concerning given the chronic nature of IBD.*# Due to the limitations
and risks associated with corticosteroid use, current guidelines recommend using a corticosteroid-
sparing strategy, with the ultimate goal of maintaining corticosteroid-free remission and improving
patient quality of life.>?

Despite these recommendations, corticosteroids are routinely overused in the management of



IBD.'* In a study that assessed corticosteroid use in a large cohort of outpatients with IBD,
approximately 15% of patients received corticosteroids above guideline recommendations.!! Patients
who receive corticosteroids in excess are more likely to be hospitalized for IBD and infections and are
more likely to receive prescriptions for antibiotics than patients who are not exposed to
corticosteroids.*
While the safety profile of corticosteroids is well characterized, studies reporting AEs related to
corticosteroid exposure are typically based on studies in diseases other than IBD (eg, rheumatology and
asthma) where low doses of corticosteroids are used for typically long durations, compared with the
higher dose and shorter exposures commonly observed in IBD treatment.”* Therefore, there exists a
knowledge gap in the safety of corticosteroid use in patients with IBD.! Furthermore, it is important to
recognize that patients and healthcare providers (HCPs) may view corticosteroids differently.'* AEs such
as osteoporosis, hyperglycemia and in-creased susceptibility to infections are concerns well known to
HCPs and may, therefore, be more frequently reported. Conversely, patients may perceive other AEs to
be of greater concern, which may not be systematically captured and thus remain underappreciated.**

The Determinants, Incidence, and Consequences of Corticosteroid Excess (DICE) study is a group of 4
studies designed to assess the impact and epidemiology of corticosteroid use in patients with IBD. This
report focuses on 2 of these 4 studies: the impact database and impact questionnaire studies. The
impact database study aimed to provide a global picture of reported AEs associated with corticosteroid
usein patients with IBD through a retrospective examination of data from 2 large spontaneous reporting
systems (SRS), which contain reports from HCPs, patients, and manufacturers.”> The impact
questionnaire study was a single-country analysis of electronic questionnaire results that aimed to
define the patient-reported burden of corticosteroid use in IBD through recall of corticosteroid exposure
and associated AEs. Patient recall of AEs has proven to be informative in other disease states, such as
oncology,'®'" and can help characterize the patient perspective.

In this report, we characterize the safety profile of corticosteroid use in patients with IBD and assess
differences in the AE burden of corticosteroids between AEs reported in the databases (with a focus on

CD and UC) and those reported in the patient questionnaire.

2. Materials and Methods

2.1.IMPACT DATABASE STUDY
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We examined AE reports in well-recognized SRS databases, specifically focusing on 2 databases, the US
Food and Drug Administration’s (FDA) Adverse Event Reporting System (FAERS) and the World Health
Organization’s (WHO) global database of individual case safety reports (VigiBase).!® These 2 databases
were selected as they were available in English, provided detailed AE reports, and allowed researchers
full access to data.

The FAERS database is an SRS data source that contains AE reports, medication error reports, and
product quality complaints resulting in AEs that were submitted to the US FDA.* VigiBase, which is
developed and maintained by the Uppsala Monitoring Centre, includes reported potential AEs of
medicinal products and contains over 19 million unique case reports of suspected AEs of medicines
submitted by member countries of the WHO Program for International Drug Monitoring.'® The drugs
recorded on the AE reports were coded according to WHODrug and the Medical Dictionary for Regulatory
Activities (MedDRA,; version based on the version at the time of the reported event). Reports in VigiBase
come from a variety of sources, and the probability that the suspected AE is drug related is not the same
in all cases. Information in this report does not represent the opinion of the Uppsala Monitoring Centre
or the WHO. Both the FAERS and VigiBase SRS databases conform to standards for the collection of
information on AEs. We used data from the FAERS and VigiBase databases to examine AE reports
associated with corticosteroid use in patients with IBD (CD or UC).

2.1.1.Sample selection
Reports of AEs associated with prednisone, prednisolone or budesonide use from 2008-2019%° were
extracted. As prednisone is a prodrug for prednisolone, AEs associated with prednisone and
prednisolone were pooled for analysis. AE reports for all other drugs were also extracted for comparison.
2.1.2. Analysis
Total counts of AE reports associated with prednisone/prednisolone or budesonide use to treat CD or
UC were tabulated as total counts by year and also expressed as a percentage of all drug reports. The 15
most frequently reported AE terms for each drug in patients with CD and UC were summarized. Adverse
event terms reflecting the primary indication for prescribing corticosteroids (ie, CD or UC) were excluded
from the analysis of most frequently reported AEs at the discretion of medical experts.
After an initial review of the SRS databases, the incidence of adverse events of special interest (AESI)

was quantified for prednisone/prednisolone or budesonide therapy and all other drugs. These AESIs



included osteonecrosis, hyponatremia, hematopoietic cytopenias, diabetes, adrenal insufficiency,
pancreatitis, Cushingoid symptoms, glaucoma, cataract, osteoporosis, and psychiatric morbidity.* The
association of AESIs with corticosteroid therapy was assessed using the proportional reporting ratio
(PRR) criteria. The PRR is a statistical measure that is used to identify disproportionate number of AE
reports associated with corticosteroids compared with all other drugs in the databases. The PRR is a
data mining algorithm that is widely used in SRS databases to detect signals of disproportionate
reporting.?>* Disproportionate reporting signals were indicated by PRR > 2, the lower bound of the PRR
confidence > 1, associated x? > 4, and the number of events in each treatment group > 3.2** The PRR
and its accompanying criteria for detecting disproportionality are not specific to any therapeutic area
or AE being analyzed. There is no further consideration to data sparsity beyond the criteria described

when applying this data mining algorithm.

2.2.Impact questionnaire study

2.2.1. DATA SOURCE

The impact questionnaire study was a single-country, retrospective analysis of an electronic survey of
patients with IBD enrolled in the UK IBD BioResource, which is a national platform designed to advance
research in CD and UC.* The IBD BioResource comprises patients with a confirmed diagnosis of IBD who
are enrolled at >100 active National Health Service hospitals across the UK.

2.2.2. DATACOLLECTION

All patients registered in the UK IBD BioResource were invited to complete an electronic survey. To
reduce participation bias, the survey was a component of an annual questionnaire sent as part of
routine participant follow-up. Questions related to corticosteroid use and experience formed a small
component of the overall questionnaire, and no mention of corticosteroids was made in the survey
invitation or associated materials. Study data were collected between November 2019 and September
2020 and were managed using Research Electronic Data Capture (REDCap) tools hosted at the IBD
BioResource.”"?®

2.2.3. DATA CAPTURED BY THE QUESTIONNAIRE

Data captured by the impact questionnaire included patient demographics and disease characteristics,
patient re-call of corticosteroid exposure and patient recall of specific AEs (Supplementary Figure S1).
The questionnaire included questions about patient recollection of specific AEs associated with oral

prednisolone and oral budesonide. Specific AEs were selected by a small focus group of patients who
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had prior corticosteroid exposure and included those AEs that the group believed may negatively affect
patients’ lives. The final list was chosen by consensus among the group and comprised suicidal thoughts
or attempts, indigestion, skin changes that affected self-esteem, weight gain that affected self-esteem,
sleep problems, mood disturbance (eg, anxiety, depression) and infection requiring antibiotics and/or
hospital admission. In the questionnaire, patients could also select ‘other’ and enter free text.

2.2.4. STATISTICAL ANALYSIS

Baseline demographics and disease characteristics, corticosteroid exposure and frequency of recalled
AEs were summarized by descriptive statistics. Associations between occurrences of corticosteroid-
related AEs with patient characteristics were assessed in contingency tables by calculating odds ratios
(ORs) with 95% Cls. For this analysis, we initially conducted univariate logistic regressions for each
available variable, which included age, gender, diagnosis, CD behavior, UC extent, smoking status,
number of prednisolone and budesonide courses received, duration of prednisolone and budesonide
courses, history of IBD surgery, presence of stoma, and presence of mental health disorders. We selected
variables yielding p values < 0.01 in the univariate logistic regression analyses and included these in
several stepwise logistic regression analyses. The final regression models were chosen based on the
lowest Akaike information criterion (AIC). The final model for prednisolone included prednisolone
course duration, gender, presence of mental health disorders, and age; the final model for budesonide

included gender and age. Correlations between patient-recalled AEs were also assessed.

3. Results

3.1. IMPACT DATABASE STUDY

From 2008 to 2019, a total of 420 913 all-cause AEs for prednisone/prednisolone and 33 215 all-cause
AEs for budesonide were reported in the FAERS database, and 1 103 988 and 15 636 AEs were reported
for prednisone/prednisolone and budesonide, respectively, in VigiBase. In the same period, a total of
344 140 AEs were reported in the FAERS database among patients with IBD; of these, 2.3% (n=7870) and
0.7% (n = 2287) were associated with prednisone/prednisolone and budesonide use, respectively. In
VigiBase, 42 836 AEs were reported in patients with IBD; of these, 25.1% (n =10 731) and 1.5% (n = 660)

were associated with prednisone/prednisolone and budesonide use, respectively.



Demographics of patients with IBD and reports of AEs for prednisone/prednisolone or budesonide in
the FAERS and VigiBase databases are presented in Supplementary Tables 1 and 2. In both databases,
most patients were aged 18-64 years. In the FAERS database, most reports of AEs occurred in female
patients, while in VigiBase, reports were balanced by sex.

In the FAERS database, AE reports related to prednisone/ prednisolone and budesonide use in CD and
UC increased significantly over time from 2008 to 2019 (p < 0.05); when expressed as a percentage of all
reports, significant upward trends were observed only in AE reports related to prednisone/prednisolone
and budesonide use in UC (p < 0.05; Figure 1 and Supplementary Figure S2). In VigiBase, AE reports
related to prednisone/prednisolone use in CD and UC and budesonide use in UC increased significantly
over time from 2008 to 2019 (p < 0.05); when expressed as a percentage of all reports, a significant
downward trend was observed in the number of AE reports related to prednisone/prednisolone use in

CD (p <0.05).

Figure 1 Total number of reports over time for corticosteroid use in inflammatory bowel disease from the (A) FAERS
database and (B) VigiBase, and as a percentage of reports based on total report count per year from the (C) FAERS
database and (D) VigiBase. Percentages of reports were calculated by dividing the total number of reports for adverse
events due to corticosteroids taken for inflammatory bowel disease by the total number of reports in each database.
Time of data retrieval: FAERS, November 11, 2020; VigiBase, November 26, 2021. CD, Crohn’s disease; FAERS, FDA

Adverse Event Reporting System; UC, ulcerative colitis.
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In the FAERS and VigiBase databases, IBD-related AEs (eg, abdominal pain, diarrhoea, nausea and
fatigue) were common (Supplementary Figures S3 and S4). To test whether specific AEs of concern were
reported more frequently for prednisone/prednisolone and budesonide than for other drugs in the
databases, PRRs were calculated for AESIs based on frequency of reports for specific AEs associated with
corticosteroids compared with reports of the same AESIs for all other drugs in the databases. Across
both databases, AESIs reported more frequently in patients exposed to prednisone/ prednisolone vs all
other drugs included adrenalinsufficiency, Cushingoid complications, osteonecrosis, osteoporosis, and
pancreatitis (Figure 2). For patients exposed to budesonide, adrenal insufficiency, Cushingoid
complications, diabetes, and osteoporosis were again disproportionately reported.

3.1.1. Impact questionnaire study

Between November 2019 and September 2020, questionnaires were sent to 18 900 patients from the UK
IBD BioResource. Among the 9229 (48.8%) patients who returned questionnaires, 47.7% were diagnosed
with CD and 52.3% were diagnosed with UC or unclassified IBD (Table 1). Overall, 69.7% of patients
reported exposure to corticosteroids since diagnosed with IBD, with 66.0% reporting exposure to

prednisolone and 13.7% reporting exposure to budesonide (Supplementary Table S3). Among patients
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who recalled exposure to prednisolone, 31.4% reported receiving at least 1 course longer than 12 weeks
in duration, while no patients who recalled exposure to budesonide reported receiving a course longer

than 12 weeks in length.



Table 1 Demographics and disease characteristics of patients who completed the impact questionnaire.

Characteristic Patients
N=9229
Age, years

1649 3662 (39.7)

5040 3773 (40.9)

>70 1794 (19.4)

Sex, male 4202 (45.5)
Smoking status
Current 540 (5.9)
Former 3465 (37.5)
Type and behavior/extent of IBD*

Crohn’s disease 4405 (47.7)
Nonstricturing, nonpenetrating 2587 (58.7)
Stricturing 1048 (23.8)
Penetrating 496 (11.3)

Ulcerative colitis or unclassified [BD 4824 (52.3)
Proctitis 56 (1.2)
Left-sided 227 (4.8)
Extensive 4104 (87.2)

Disease duration, years, median (IQR) 14 (8-24)
History of IBD-related surgery® 2087 (22.6)
Stoma 334 (3.6)
Mental health disorders 139 (1.5)

Data are presented as patients, # (%) unless otherwise specified.
*Behaviorfextent percentages based on the number of patients with each
IBD type.

*Any surgery for IBD (perianal or abdominal).

Abbreviations: IBD, inflammatory bowel disease; IQR, interquartile range.



Figure 2 Proportional reporting ratios for adverse events of special interest reported to the FAERS database and
VigiBase for prednisone/prednisolone and budesonide vs all other drugs. PRR signal indicated by values in bold text.
PRRs were not calculated for adverse events with no reports for the drug of interest. Time of data retrieval: FAERS,
November 11, 2020; VigiBase, November 26, 2021. FAERS, FDA Adverse Event Reporting System; N/A, not applicable;

PRR, proportional reporting ratio.
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Significantly more patients who were exposed to prednisolone recalled selected AEs compared with
those who were ex- posed to budesonide (61.9% vs 27.4%, p = 0.0001; Figure 3). The most commonly
recalled AE was weight gain that affected self-esteem (prednisolone, 39.3%; budesonide, 13.0%). Other
AEs recalled by patients exposed to prednisolone and budesonide included sleep problems (32.6% and
10.7%, respectively), mood disturbance (29.2% and 12.2%) and skin changes that affected self-esteem
(21.0% vs 7.6%). Suicidal thoughts or attempts were reported by 4.8% and 2.1% of patients who received
prednisolone and budesonide, respectively. Recalled AEs among patients who selected ‘Other’
(prednisolone, 16.2%; budesonide, 8.9%) and entered free text are visualized by frequency in
Supplementary Figure S5. For both prednisolone and budesonide, the strongest correlations (r > 0.4)

between AEs occurred between mood disturbance, sleep problems, and weight gain affecting self-
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esteem (Supplementary Figure S6).

Patient characteristics associated with increased likelihood of reporting any AEs are presented in
Figure 4. Female patients were significantly more likely to recall AEs associated with corticosteroid use
compared with male patients (prednisolone, OR [95% CI] 2.20 [1.97, 2.53], p < 0.001; budesonide, OR
[95% CI]1.40[1.09, 1.80], p = 0.01). Older patients were significantly less likely than younger patients to
report AEs with corticosteroid use (prednisolone, OR [95% Cl] 0.86 [0.85, 0.88], per 5-year increment; p
< 0.001; budesonide, OR [95% CI] 0.95 [0.91, 0.99], per 5-year increment; p < 0.05). Patients were also
significantly more likely to recall AEs associated with prednisolone if they had a history of mental health
disorders (OR[95% CI] 2.30[1.20,4.13], p< 0.01) or received longer vs shorter durations of corticosteroid
courses (OR [95% Cl] 1.002 [1.001, 1.003], per week of treatment duration; p < 0.001). However, these
factors were not associated with increased recall of AEs related to budesonide exposure.

Suicidal thoughts or attempted suicide was more likely to be reported by patients who had a history
of mental health disorders (OR[95% CI] 1.96 [1.00, 4.83], p < 0.05) and less likely to have occurred among

older vs younger patients (OR 95% Cl] 0.92 [0.87, 0.96], per 5-year increment; p <0.001; Figure 5).

4. Discussion

Results from the impact database and questionnaire studies provide insights into the corticosteroid
burden as perceived by patients and as reported in pharmacovigilance databases. Our findings show
that AEs patients perceive as meaningfully burdensome, largely those affecting quality of life, differed
substantially from the AEs reported in the SRS databases. Approximately half of these AE reports from
FAERS and VigiBase were reported by HCPs, which may suggest that HCP perspectives in IBD may not
fully align with the patient experience.

The SRS databases showed an increase over time in the number of AE reports associated with
corticosteroid use in IBD, which may reflect an increase in prescribing practices of corticosteroids
and/or an increase in awareness and reporting of AEs attributable to corticosteroids. When expressed
as a percentage of all reports, uptrends in AE reports were only observed in the FAERS database for
prednisone/prednisolone and budesonide use in patients with UC. The frequency of all other AE reports
for prednisone/prednisolone or budesonide, when expressed as a percentage of total reports, remained
constantor decreased over time. Differences in results between CD and UC may be reflective of the more
extensive introduction and use of biologic therapies for CD compared with UC, suggesting an increased

awareness of the AE burden of corticosteroids.” Consequently, this awareness may have led to a decline
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in corticosteroid use and a more vigilant approach to reporting AEs in patients with CD.

The types of frequently reported AEs in both SRS databases are consistent with the known safety

profile of corticosteroids.? Cushingoid complications and adrenal insufficiency were common signals for
both prednisone/prednisolone and budesonide. Despite the purported lower rates of systemic AEs
associated with budesonide compared with other corticosteroids,*® systemic AEs can occur with
budesonide, particularly with long-term use.*** While budesonide offers a better safety profile than
prednisolone as shown by the patient questionnaire data, clinicians should still be mindful of potential
systemic exposure with budesonide, which can lead to major AEs. However, the lack of a placebo
comparator and uncertainty regarding the use of concomitant medications in our analyses preclude a
definitive attribution of systemic AEs to budesonide.
While there is consensus between HCPs and patients to avoid excess corticosteroids, HCP and patient
concerns about corticosteroids and rationale for reducing corticosteroid use may be different.* Weight
gain is frequently reported in the SRS databases and is also the most common AE recalled by patients,
with the important additional mention of negative impacts on patient self-esteem. However, the sleep
and mental health effects commonly recalled by patients were not frequently reported in the SRS
databases. This discrepancy may be partially explained by the breadth of MedDRA preferred terms that
are associated with sleep or mental health effects or, more likely, by a lack of physician enquiry about
and/or reporting of these AEs. AEs commonly associated with corticosteroid use (eg, adrenal
insufficiency, Cushingoid complications, and osteoporosis) were disproportionately reported in the SRS
databases but were not fully captured by the options in the impact questionnaire, which were
prespecified by the patient focus group according to those outcomes believed to be of the most interest
to and have the greatest impact on patients. However, many patients did report these AEs or related
terms as free text when selecting the ‘Other’ category in the survey.

Differences in patient and HCP perspectives were further evidenced in a previous patient survey,
which reported that more than 40% of patients with IBD expressed concern about the safety of
corticosteroids and had declined corticosteroid treatment because of AEs. In comparison, only 27% of
physicians reported concerns about corticosteroid use.* The reported differences may also reflect
discrepancies between what patients and clinicians consider to be important AEs.

Patients who were young, female and had a history of mental health disorders recalled the highest
frequency of corticosteroid-related AEs. Additionally, younger patients and those with a history of

mental health disorders were more likely to experience suicidal thoughts or attempt suicide. IBD itself



is associated with an elevated risk of suicidal attempts and complete suicides, with the maximum risk
for psychiatric morbidity observed during the initial year following diagnosis,* possibly due to the
immense stress associated with a new chronic disease diagnosis and disruptions caused by clinical
manifestations of the disease. The findings of elevated risk associated with prednisolone use are
concerning considering the frequent use of corticosteroids in the treatment of IBD.* Notably, the highest
use of corticosteroids, including excessive use, typically occurs in the first year following an IBD
diagnosis.** The occurrence of a period of heightened exposure to drugs associated with suicidal

behavior during this vulnerable period represents a potentially toxic combination.

Figure 3 Frequency of selected adverse events reported by patients on the impact questionnaire.
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Figure 4 Significant associations between patient characteristics and any recalled adverse events on the impact
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Figure 5 Patient characteristics significantly associated with prednisolone use and recall of adverse events of suicidal
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Our findings underscore the importance of integrating patient-reported outcomes into the clinical
management of patients with IBD who are receiving corticosteroids. This approach should include
routine assessments of patient quality of life and mental health, especially considering the association
between corticosteroids and suicidal thoughts or behavior in younger patients and those with a history
of mental health disorders. Such evaluations should be part of a holistic approach to treatment
management, aiming to reduce corticosteroid exposure where possible and tailoring clinical
interventions to meet individual patient needs.

The primary limitation of these analyses is that they are retrospective and descriptive, and causality
cannot be established. The impact database study may be limited by potential under- and/or over-
reporting of AEs, reporting biases, missing, or inaccurate data and false causality attributions. It is also
unknown how the total number of corticosteroid prescriptions changed over time. In addition, some
AEs may be related to the clinical manifestations of IBD and not to corticosteroid use. Results of the
impact questionnaire study are likewise limited by the need for patient recall and self- reporting and,
therefore, a direct relationship between corticosteroid use and reported AEs cannot be established. To
some extent, recall bias may have been mitigated by survey prompts to recall specific corticosteroid-
related AEs in a standardized manner, while participation bias was avoided by having the corticosteroid
questions embedded within a much larger electronic questionnaire that patients were asked to
complete. Additionally, most AE reports in the impact data- base study originated from Europe and the
United States, and only patients enrolled in the UK IBD BioResource were invited to complete the
electronic survey. Consequently, the generalizability of our findings to other populations or regions may

be limited.



Taken together, findings from these studies show that the most burdensome AEs recalled by patients
differ from those frequently reported in the SRS databases. Results from both studies support limiting
corticosteroid use to flare management and escalating other IBD treatments to reduce corticosteroid
exposure. Additional consideration should be given to young, female patients and those with a history

of mental health disorders before prescribing corticosteroids.
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