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Introduction: Apremilast and deucravacitinib are oral small-molecule inhibitors approved for the treatment of psoriasis, each with
the potential to fill unmet needs among psoriasis patients. Investigating their adverse event (AE) profiles with post-marketing data is
essential for optimizing patient care.

Methods: We analyzed AE reports from the FDA Adverse Event Reporting System (FAERS) database during Q1 2014 to Q4 2023.
Disproportionality and Bayesian analyses were utilized to compare safety signals.

Results: A total of 95,524 and 754 AE reports associated with apremilast and deucravacitinib were retrieved, respectively. Apremilast
was more prevalent to cause gastrointestinal AEs such as diarrhea and nausea, as well as psoriasis recurrence and nervous system
disorders like headache. Deucravacitinib showed stronger associations with cutaneous AEs, including acne, folliculitis, pruritus, rash,
and erythema, along with oral conditions. AEs not previously documented on drug labels, such as sinus headache and multiple
allergies for apremilast, and acneiform dermatitis and rosacea for deucravacitinib, were identified. Female patients were exposed to
a higher risk for skin-related AEs when using deucravacitinib.

Conclusion: Our study offers valuable real-world insights into the safety profiles of apremilast and deucravacitinib. The observed sex
differences in adverse events associated with apremilast and deucravacitinib require further investigation in real-world and clinical
settings.
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Introduction

Psoriasis is a chronic, immune-mediated, inflammatory cutaneous disease, affecting over 100 million adults and children
worldwide.'* Plaque psoriasis (PsO), characterized by erythematous scaly patches and plaques, is the most common
phenotype of psoriasis.” Involving the peripheral joints, spine, tendon insertions, and fingers, psoriatic arthritis (PsA) is
another major phenotype which occurs in up to 30% of the psoriasis patients.* PsO and PsA can significantly impair
patients’ physical and psychological conditions, which leads to declined health-related quality of life.>*® Moreover,
psoriasis is related to increased risk of comorbidities, such as cardiovascular diseases, metabolic syndromes, and
malignancies, resulting in substantial burdens on patients and society.’

Current treatment options for psoriasis, including traditional systemic agents and biologics, offer patients a broad
range of choices, while there remain unmet needs due to problems such as high costs, insufficient efficacy and
inconvenience caused by injections. Oral small-molecule inhibitors have emerged as a major therapeutic advancement
for patients and physicians in treating psoriasis.® Apremilast is an orally administrated small-molecule inhibitor of
phosphodiesterase 4 (PDE4), which modulates the immune system by increasing the intracellular levels of cyclic
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adenosine monophosphate (cAMP), thereby reducing inflammatory cytokine production.” Apremilast is approved by the
US Food and Drug Administration (FDA) for indications of plaque psoriasis, psoriatic arthritis and oral ulcers of
Behcet’s Disease.'” On the other hand, deucravacitinib is a new oral, selective, allosteric tyrosine kinase 2 (TYK2)
Inhibitor. TYK?2 is a member of the Janus Kinase family that mediates cytokine signaling, including IL-12, IL-23, and
type I interferons, which were crucial in psoriasis pathogenesis.'' Deucravacitinib specifically targets the pseudokinase
domain of TYKZ2, potentially enhancing efficacy and safety while limiting its impact on JAK1/2/3.'*'* Deucravacitinib
was recently FDA-approved for moderate-to-severe plaque psoriasis and is showing promising potential in clinical trials

for psoriatic arthritis.'*'>

As with all drug treatments, the use of apremilast and deucravacitinib can carry the risk of adverse reactions.'®!”
Deucravacitinib and Apremilast may result in different adverse effects because they target distinct enzymes and modulate
different signaling pathways. However, most studies comparing the safety and tolerability of these two drugs for treating
psoriasis derived from clinical trials, with limited evidence from real-world data and post-market surveillance.'®'’
Uncovering the differences in adverse events (AEs) of both medications in real-world settings can help clinicians make
appropriate treatment decisions based on patients’ baseline characteristics.”’ The FDA Adverse Event Reporting System
(FAERS) is a public database with millions of spontaneous AE and medication error reports. This study aims to
characterize and compare the AE profiles of two oral small-molecule agents, apremilast and deucravacitinib, in treating

psoriasis in real-world and post-market settings by using the FAERS database.

Methods

Search Strategies and Data Sources

Adverse event reports (AERs) were extracted from the FAERS database using American Standard Code for Information
Interchange (ASCII) files. The search terms included both trade names and generic names of apremilast and deucrava-
citinib, such as “Otezla”, “apremilast”, “CC-10004", “Sotyktu”, and “deucravacitinib”. The search timeframe spanned
from the second quarter of 2014 to the last quarter of 2023, aligning with the market introduction timelines of apremilast
and deucravacitinib. Only AERs where these drugs were listed as the primary suspect (PS) for the AEs were included.
The indication was limited to “psoriasis”. As the FAERS database is updated quarterly, duplicates from previous reports
were removed by retaining only the most recent report for cases with the same case ID in the DEMO table The original
data were imported into R software (Version 4.4.1), and the faersR package was utilized for data searching, extraction,
and analysis.

Data Extraction and ldentification Process

To establish relationships between datasets, the primary ID field was used, and the Medex UIMA_1.8.3 system was
employed to standardize drug names. The dataset included patient demographic and administrative information,
such as age, gender, reporting date, and region. For AEs and medication errors, preferred terms (PTs) with at least
three counts were selected. The Medical Dictionary for Regulatory Activities (MedDRA) terminology was used to
encode, categorize, and localize signals, allowing analysis of the specific system organ classes (SOCs) involved in
AE signals.

Data Analysis

Three algorithms were used to quantify the adverse drug event (ADE) signals associated with apremilast and deucra-
vacitinib: the Reporting Odds Ratio (ROR), Proportional Reporting Ratio (PRR), and Bayesian Confidence Propagation
Neural Network (BCPNN). While ROR and PRR are based on frequentist statistics, BCPNN applies Bayesian statistics.
ROR is useful for adjusting minor biases associated with low-frequency events, PRR offers greater specificity, and
BCPNN can integrate multi-source data and perform cross-validation. The use of multiple algorithms enabled a more
comprehensive and reliable analysis of AE signals for both drugs. Details of the 2x2 contingency table and formulas for
all algorithms are provided in Supplementary Tables 1 and 2.
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Results

Descriptive Analysis of Safety Signals for Apremilast and Deucravacitinib

From Q2 2014 to Q4 2023, a total of 12,732,564 AE reports (AER) were retrieved from the FAERS databases after the
removal of duplication. Of these, 95,524 reports were associated with apremilast and 754 with deucravacitinib. As shown
in Figure 1, the number of AE reports for apremilast increased gradually over time, reaching a peak of 4,852 AERs in
a single quarter in 2020. Deucravacitinib, introduced in 2022, exhibited a rapid rise in AE reports, suggesting growing
clinical use and awareness.

The median age of patients reporting AEs was 56 years for apremilast and 55 years for deucravacitinib, indicating
a similar age distribution among the affected populations of both drugs. Females accounted for a higher proportion of
reports, comprising 63.65% of the apremilast cases and 59.81% of the deucravacitinib cases. Geographically, most of the
AERs were from the United States, with 96.75% for apremilast and 96.29% for deucravacitinib. Canada and Japan also
contributed to apremilast reports, representing 1.04% and 0.50%, respectively, while 3.71% of deucravacitinib reports
came from countries outside of the United States. Serious outcomes were reported in association with both drugs, and
hospitalization was the most prevalent one among them (Table 1). While death, disability and other life-threatening
conditions were reported, their occurrence was relatively rare.

AEs that met the signal generation criteria and formulas were categorized by SOCs and ranked by case number. After
screening, certain AEs were excluded from the SOCs, such as “injury, poisoning and procedural complications”,
“neoplasms benign, malignant and unspecified”, and “pregnancy, puerperium and perinatal conditions”. For apremilast,
the recurrence or exacerbation of psoriasis and diarrhea were the most frequently reported AEs, while acne and pruritus
were the leading AEs for deucravacitinib. The top 10 AEs for both drugs are listed in Table 2.

Disproportionality Analysis of Safety Signals for Apremilast and Deucravacitinib

In this disproportionality analysis, we documented the AEs with over 100 cases for apremilast and over 5 cases for
deucravacitinib. In total, 34 AEs related to apremilast and 35 AEs related to deucravacitinib were ranked by the number
of case reports in different SOCs (Table 3). Among the AEs associated with apremilast, psoriasis was the most frequently
reported with 17,193 cases, alongside signaling a significant disproportionality [ROR 50.12, PRR 45.63, information
component(IC) 5.21]. Gastrointestinal disorders were predominant for apremilast, including diarrhea (16,673 cases, ROR
8.75, PRR 8.06, IC 2.96), nausea (14,770 cases, ROR 6.58, PRR 6.14, IC 2.58), and abdominal discomfort (4,319 cases,
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Figure | The number of adverse events reported quarterly after the marketing of apremilast and deucravacitinib.
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Table | Characteristics of Reports Associated with Apremilast and

Deucravacitinib from Q2 of 2014 to Q4 of 2023

Apremilast (n, %) | Deucravacitinib (n, %)
Total number of AER 95524 754
Age 56 (IQR: 46, 64) 55 (IQR: 40, 65)
Gender
Female 60801 (63.65) 451 (59.81)
Male 33207 (34.76) 254 (33.69)
Unknown 1516 (1.59) 49 (6.50)
Serious outcomes
Other 12111 (65.65) 67 (73.63)
Hospitalization 4426 (23.99) 16 (17.58)
Death 1010 (5.48) 7 (7.69)
Disability 558 (3.02) I (1.10)
Life threatening 309 (1.68)
Reported countries
United States 92423 (96.75) 726 (96.29)
Canada 989 (1.04)
Japan 478 (0.50)
Other 324 (1.71) 28 (3.71)
Reporter
Pharmacist 32282 (33.79) 371(49.20)
Other health-professional | 24622 (25.78)
Consumer 22164 (23.20) 212 (28.12)
Physician 15118 (15.83) 163 (21.62)
Unknown 1335 (1.40) 8 (1.06)
Lawyer 3 (0.00)
Year
2014 1058 (I.11)
2015 8935 (9.35)
2016 9638 (10.09)
2017 14098 (14.76)
2018 15464 (16.19)
2019 17276 (18.09)
2020 14077 (14.74)
2021 7312 (7.65)
2022 4168 (4.36) 73 (9.68)
2023 3498 (3.66) 681 (90.32)

ROR 7.77, PRR 7.61, IC 2.88). Nervous system disorders were also common, especially headache (11,483 cases, ROR
6.05, PRR 5.75, IC 2.49). These findings were consistent with the label of apremilast, suggesting that the main safety
concerns for apremilast were concentrated in the gastrointestinal, nervous systems and disease recurrence or exacerba-
tion. However, we also found several AEs that did not appear in the label of apremilast but showed high safety signals,
such as sinus headache (100 cases, ROR 6.75, PRR 6.74, IC 2.71), multiple allergies (125 cases, ROR 4.92, PRR 4.92,
IC 2.27), and gallbladder disorder (118 cases, ROR 3.01, PRR 3.00, IC 1.57).

In contrast, deucravacitinib exhibited higher disproportionality in AEs related to the skin, oral, and infection
categories. Our findings highlighted significantly higher signals for cutaneous AEs, including acne (104 cases, ROR
79.23, PRR 74.02, IC 6.18), folliculitis (28 cases, ROR 68.38, PRR 67.17, IC 6.05), skin burning sensation (35 cases,
ROR 35.32, PRR 34.55, IC 5.1), acneiform dermatitis (5 cases, ROR 30.26, PRR 30.16, IC 4.9), and rosacea (5 cases,
ROR 40.58, PRR 40.45, IC 5.32). Oral conditions, including mouth ulceration (29 cases, ROR 49.34, PRR 48.44, IC
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Table 2 Top 10 in the Number of Adverse Events Reports of Apremilast
and Deucravacitinib

Apremilast n Deucravacitinib n
Psoriasis (recurrence or exacerbation) | 17193 | Acne 104
Diarrhea 16673 | Pruritus 93
Nausea 14770 | Rash 78
Headache 11483 | Erythema 66
Abdominal discomfort 4319 Skin burning sensation | 35
Psoriatic arthritis 4302 Mouth ulceration 29
Weight decreased 3035 Folliculitis 28
Depression 3034 Burning sensation 25
Upper abdominal pain 2447 Urticaria 21
Therapy non-responder 1900 Oral herpes 17

5.58), aphthous ulcer (16 cases, ROR 38.2, PRR 37.82, IC 5.23), oral pain (12 cases, ROR 22.59, PRR 22.43, IC 4.48),
oral mucosal blistering (6 cases, ROR 41.66, PRR 41.51, IC 5.36), and oral herpes (17 cases, ROR 25.02, PRR 24.76, IC
4.62), also displayed strong safety signals. Infections related to deucravacitinb, including herpes zoster (7 cases, ROR
4.29, PRR 4.28, IC 2.1), upper respiratory tract infection (URTTI) (5 cases, ROR 3.75, PRR 3.74, IC 1.9), and sinusitis (16
cases, ROR 2.49, PRR 2.48, IC 1.31) also occurred, but not as prevalent as the aforementioned conditions. This analysis
also revealed additional AEs not listed in the deucravacitinib label, mainly related to skin reactions. Significant signals
for acneiform dermatitis, rosacea, burning sensation, and chromaturia (6 cases, ROR 14.16, PRR 14.1, IC 3.81) suggested
potential underreported risks.

Temporal Analysis of Safety Signals for Apremilast and Deucravacitinib

To better understand the temporal trends of safety signals for both drugs, time scans were generated for key AEs
associated with apremilast and deucravacitinib, focusing on diarrhea, acne, pruritus, nausea, upper respiratory tract
infection (URTI) and headache. The safety signals for apremilast, including diarrhea, nausea, and URTI remained stable
throughout the observation period, as evidenced by consistent IC values and steady reporting patterns (Figure 2). These
stable trends suggested that the risks associated with these AEs are predictable and inherent to apremilast, supporting
effective long-term risk management.

In contrast, safety signals for deucravacitinib began to emerge after its market entry in 2022. Since then, signals for
deucravacitinib-related acne, pruritus, and headache have stabilized, with IC values remaining above zero and confidence
intervals gradually narrowing over time. However, Figure 2 indicated fluctuating IC values for diarrhea between 2022
and 2023, as well as a wider confidence interval for URTI, which was based solely on 2023 data. These findings
highlighted the need for additional data to further validate the risk associations for diarrhea and URTI with deucrava-
citinib use.

Comparison of Safety Signals Across System Organ Classes and Sex Differences for

Apremilast and Deucravacitinib

The comparison of safety signals across four SOCs revealed distinct AE characteristics for apremilast and deucravaci-
tinib, respectively (Figure 3). In the skin and subcutaneous tissue disorders category, psoriasis and rebound psoriasis
emerged as the strongest signals for apremilast, with both high ROR and Chi-square values. This may align with the
immunomodulatory effects of apremilast and the recurrent nature of psoriasis. In contrast, deucravacitinib exhibited
a wider range of skin-related AEs, including acne, skin burning sensation, erythema, pruritus, and rash, suggesting
a more complex dermatological risk profile. This diversity of cutaneous AEs for deucravacitinib underscored the need for
enhanced monitoring and management of skin during clinical use. In the gastrointestinal disorders category, apremilast
demonstrated significant signals for gastrointestinal AEs, particularly diarrhea, nausea, abdominal discomfort, frequent
bowel movements, and upper abdominal pain. These findings suggested that apremilast has a more concentrated and
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Table 3 Comparison of Adverse Event Signals Between Apremilast and Deucravacitinib in Various System Organ Classes

Apremilast (Case Reports n >100)

Deucravacitinib (Case Reports n >5)

Items Case Reports ROR (95% CI) PRR (95% CI) Chi_square IC (IC-2SD) Items Case Reports ROR PRR(95% CI) Chi_square IC (IC-2SD)
(95% CI)
Skin and subcutaneous tissue disorders
Psoriasis” 17193 50.12 45.63 60775871 5.21 Acne 104 79.23 74.02 7357.95 6.18
(49.26, 50.99) (44.74, 46.53) (5.19) (64.83, 96.84) (60.85, 90.05) (5.9
Skin fissures” 131 235 235 100.74 122 Pruritus” 93 9.53 9.02 665.84 3.17
(1.98,2.8) (197, 2.8) (0.98) (7.72,11.75) (741, 10.97) (2.87)
Skin hemorrhage® 11 252 252 100.28 132 Rash* 78 729 6.98 401.59 28
(2.09, 3.04) (2.07, 3.07) (1.05) (5.81, 9.16) (5.63, 8.66) (2.47)
Erythema® 66 15.17 14.57 833.56 3.86
(11.85, 19.42) (11.52, 18.43) (3.51)
Psoriasis” 49 10.17 9.88 3914 33
(7.65, 13.52) (7.51,13) (2.89)
Skin burning sensation” 35 3532 3455 1131.03 5.1
(25.23, 49.46) (24.76, 48.21) (4.62)
Urticaria® 21 5.68 5.6l 79.68 249
(3.69, 8.73) (3.64, 8.63) (1.88)
Blister™ 10 743 739 55.18 2.88
(3.99, 13.84) (3.95, 13.84) (2.03)
Skin exfoliation® 9 4.47 4.45 24.05 2.15
(2.32, 86) (2.33,85) (1.25)
Rash macular” 7 7.95 792 42.26 2.98
(3.78, 16.72) (3.76, 16.68) (1.98)
Dermatitis acneiform” 5 30.26 30.16 139.91 4.9
(1253, 73.05) (12.48, 72.86) (3.74)
Rosacea” 5 40.58 40.45 190.4 532
(16.79, 98.07) (16.74, 97.72) (4.16)
Rash pruritic” 5 376 3.75 10.1 1.91
(1.56, 9.05) (1.55, 9.06) (0.75)
Gastrointestinal disorders
Diarrhea 16673 875 8.06 100091.04 2.96 Mouth ulceration 29 49.34 48.44 1331.28 5.58
(861, 889) (7.9, 822) (2.94) (34.09, 71.41) (33.38, 70.3) (5.06)
Nausea 14770 6.58 6.14 62423.08 258 Aphthous ulcer 16 382 37.82 568.14 523
(647, 6.69) (6.02, 6.26) (2.56) (23.29, 62.66) (23.17, 61.73) (4.53)
Abdominal discomfort 4319 777 761 23929.18 2.88 Stomatitis™ 14 8.44 837 90.77 3.06
(7.53, 8.01) (7.32,791) (2.84) (4.98, 14.29) (4.93, 14.21) (2.33)
Vomiting 3192 23 228 2289.34 1.18 Oral pain® 12 22.59 22.43 244.34 4.48
(222,239) (2.19,2.37) (1.13) (12.78, 39.94) (1271, 39.6) (3.69)
Abdominal pain upper 2447 3.88 3.84 5052.27 1.92 Oral mucosal blistering® 6 41.66 41.51 234.69 5.36
(3.72, 4.03) (3.69, 3.99) (1.86) (18.61, 93.28) (18.58, 92.72) (4.28)
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Gastrointestinal disorder 956 3.65 3.63 1792.73 1.84 Lip swelling” 5 7.11 7.09 26.11 2.82
(342, 3.89) (342, 3.85) (1.75) (2.95, 17.11) (2.93, 17.13) (1.67)
Dyspepsia 915 3.18 3.17 1336.63 1.65
(2.98, 3.39) (2.99, 3.36) (1.55)
Frequent bowel movements” 760 9.04 9.0l 5173.24 311
(841,9.73) (8.33,9.74) (3.01)
Gastroesophageal reflux disease®” 509 2.16 2.15 310.94 1.1
(1.97, 2.35) (1.99, 2.33) 0.97)
Flatulence” 483 287 2.86 576.42 15
(262, 3.14) (2.59, 3.15) (1.37)
Faeces soft” 258 10.32 10.31 205891 33
@11, 11.7) (9.17, 11.6) (3.12)
Irritable bowel syndrome® 121 2 2 59.86 0.99
(1.67,2.39) (1.68, 2.39) 0.73)
Infections and infestations
Upper respiratory tract infection 867 6.04 6.01 3516.45 2.55 Folliculitis 28 68.38 67.17 1794.49 6.05
(5.64, 6.46) (5.67, 6.37) (2.45) (46.9, 99.68) (46.29, 97.48) (5.51)
Sinusitis” 756 229 228 539.3 1.18 Oral herpes 17 25.02 24.76 385.32 4.62
(2.13, 2.46) (2.11,247) (1.08) (15.49, 40.42) (15.47, 39.63) (3.95)
Ear infection” 185 2.16 2.16 114.13 Il Sinusitis” 8 249 248 711 1.31
(1.87,25) (1.88,2.48) (0.89) (1.24, 4.99) (1.25, 4.92) (0.37)
Respiratory tract infection 170 2.05 2.05 90.06 1.03 Herpes zoster” 7 4.29 4.28 17.58 2.1
(1.76, 2.38) (1.75, 2.4) 0.81) (2.04, 9.02) (2.03,9.01) (1.09)
Gastroenteritis viral™ 158 279 278 1782 1.46 Bronchitis 6 325 325 9.33 1.7
(2.38, 3.26) (2.38,3.25) (1.24) (1.46, 7.26) (.46, 7.26) (0.63)
Upper respiratory tract infection 5 3.75 3.74 10.03 1.9
(1.56, 9.02) (1.55, 9.03) (0.74)
Nervous system disorders
Headache 11483 6.05 575 4419001 249 Headache 33 2.19 2.16 20.87 111
(5.94, 6.17) (5.64, 5.86) (2.46) (1.55, 3.09) (1.55, 3.01) (0.62)
Migraine 1010 332 331 1604.84 1.71 Burning sensation” 25 16.7 16.45 361.65 4.03
(3.12, 3.54) (3.12, 3.51) (1.62) (11.24, 24.82) (11.12, 24.34) (3.47)
Tension headache 298 22 21.96 5350.15 431
(19.51,24.8) (19.52, 24.7) (4.14)
Sinus headache™ 100 6.75 6.74 472.54 271
(5.53, 824) (5.54,82) (2.42)
(Continued)
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Table 3 (Continued).

Respiratory, thoracic and mediastinal disorders

Sinus disorder” 156 2.33 233 116.53 1.21 Oropharyngeal pain® 13 441 438 339 2.13
(1.99,2.73) (1.99, 2.73) (0.98) (2.55,7.61) (2.53, 7.58) (1.37)

Immune system disorders

Multiple allergies” 125 492 492 380.79 227 Hypersensitivity” I 2.59(1.43, 4.68) 2.58 10.62 1.36
(4.12, 5.88) (4.12, 5.87) (2.01) (1.43, 4.64) (0.54)

M loskeletal and ive tissue disorders

Psoriatic arthropathy™ 4302 39.81 3893 132243.52 5.02 Myalgia 13 3.49(2.02, 6.02) 347 2287 1.79

(38.52, 41.15) (37.43, 40.49) (4.98) (2, 6.01) (1.03)

Arthropathy® 532 279 279 601.3 1.47
(2.56, 3.04) (2.58, 3.02) (1.34)

Back disorder 145 276 276 160.85 1.45
(2.35, 3.26) (2.36,3.23) (1.22)

Psychiatric disorders General disorders and administration site conditions

Depression 3034 4.69 4.63 8462.27 2.18 Drug ineffective 75 223 217 48.32 112
(4.52, 4.86) (4.45, 4.82) (2.13) (1.77, 2.81) (1.75, 2.69) (0.78)

Stress” 767 34 339 1270.16 1.74 Pain® 37 217 2.14 22.69 11
(3.16, 3.65) (3.13, 3.67) (1.64) (1.56, 3) (1.56, 2.93) (0.63)

Mood altered” 278 3.44 3.44 472.64 1.76 Swelling face” 14 10.46 10.37 118.36 337
(3.06, 3.88) (3.06, 3.87) (1.59) (6.17, 17.71) 6.11,17.6) (2.64)

Investigations Renal and urinary disorders

Weight decreased 3035 3.45 341 5114.94 1.75 Chromaturia® 6 14.16 14.1 7281 3.8l
(3.33,3.58) (3.28, 3.55) (1.7) (6.34, 31.6) (6.31, 31.49) 2.74)

Hepatobiliary disorders Eye disorders

Gallbladder disorder™ 118 301 3 155.41 1.57 Swelling eyes™ 6 7.64 761 3441 293
(2.51,3.61) (2.51, 3.58) (1.31) (342, 17.04) (3.41,17) (1.85)

Notes: “#” indicates unexpected AE not mentioned in the instructions.
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Figure 2 The information component (IC) value and its 95% credibility interval (Cl) over time for apremilast and deucravacitinib-associated adverse events. (A) the IC value
and 95% Cl of diarrhoea; (B) the IC value and 95% ClI of nausea; (C) the IC value and 95% CI of upper respiratory tract infection; (D) the IC value and 95% CI of headache;
(E) the IC value and 95% ClI of pruritus; (F) the IC value and 95% ClI of acne.

severe impact on the gastrointestinal system, warranting close monitoring and appropriate symptomatic management
during clinical practice. In contrast, deucravacitinib did not exhibit significant gastrointestinal AE signals, implying
a lower gastrointestinal risk profile. In the infections category, URTI and sinusitis were more prevalent for apremilast,
while folliculitis and oral herpes were the primary infectious AE for deucravacitinib, revealing a different pattern of
infection-related risks between the two drugs. Lastly, in the nervous system disorders category, headache was
a significant AE for both drugs, but apremilast displayed stronger signals than deucravacitinib. Burning sensation was
more frequently associated with deucravacitinib, whereas tension headache, sinus headache, and migraine were more
related to apremilast.

We also compared sex differences in AEs associated with apremilast and deucravacitinib (Figure 4). Notable skin-
related AEs, such as acne, erythema, pruritus, and rash, seemed to be more pronounced in females taking deucravacitinib
than in males. For apremilast, AEs such as recurrence of psoriasis, psoriatic arthritis, and therapy non-responder were
distributed almost equally between males and females. However, AEs like tension headache and soft faeces appeared to
exhibit a sex-related pattern, suggesting potential differences that may warrant further investigation.

Discussion

Given the widespread clinical use of apremilast and the potential of deucravacitinib as a newly approved drug for
psoriasis treatment, evaluating their safety profiles has become a crucial area of research.”'** Previous research
comparing the safety of deucravacitinib and apremilast has have primarily relied on data from clinical trials.'®'-*"2¢
However, there is a limited but crucial need for comprehensive safety analyses of these two drugs in post-marketing and
real-world settings, as such studies may reveal safety characteristics distinct from those observed in clinical trials.*” This
is a pharmacovigilance study focusing on the real-world safety of two oral small-molecule drugs, namely apremilast and
deucravacitinib, in the treatment of psoriasis, providing clinicians with valuable evidence to monitor and manage adverse
events, thereby optimizing treatment strategies.

In our study, the characteristics of AEs at the SOC level indicated that apremilast is more likely to cause gastro-
intestinal and nervous system AEs, as well as disease recurrence, while deucravacitinib poses a higher risk of cutaneous
and oral AEs. The different patterns in AEs between apremilast and deucravacitinib may be closely linked to the drugs’
mechanism of action.?® Apremilast enhances intracellular cyclic adenosine monophosphate (cAMP) levels and modulate
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the production of pro-inflammatory and anti-inflammatory mediators.''** This mechanism broadly affects multiple
inflammatory signaling pathways. Deucravacitinib is a highly selective TYK2 inhibitor that binds allosterically to the
pseudokinase JH2 (regulatory) domain of TYK2, thus inhibiting the signaling of pro-inflammatory cytokines such as IL-
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12, IL-23, and IFN-o. This unique mechanism may enhance its selectivity and reduce the risk of adverse events
associated with other JAK isoforms.*'*

Regarding gastrointestinal system disorders, apremilast is significantly more prevalent to cause AEs like diarrhea,
nausea, and vomiting, whereas deucravacitinib mainly causes milder and non-significant gastrointestinal discomfort. As
mentioned above, the elevated cAMP by PDE4 inhibition can activate the cystic fibrosis transmembrane conductance
regulator (CFTR), which is a chloride ion channel in intestinal epithelial cells, thus leading to excessive fluid secretion
and secretory diarrhea.®® This process can further exacerbate as elevated cAMP can also enhance intestinal smooth
muscle motility.***® The increase in vomiting and nausea associated with PDE4 inhibition is not fully understood, but it
may be result from both central and peripheral mechanisms.>” A previous study revealed that cAMP signaling alterations
may contribute to the emetic effects of PDE4 inhibitors within the human brainstem.?® In the skin and subcutaneous
tissues, the main AE of apremilast is psoriasis recurrence, while deucravacitinib is more frequently associated with
various skin-related AEs, including acne, pruritus, rash, and erythema. This is consistent with a previous meta-analysis,
which demonstrated a significant increase in incidence of acne associated with deucravacitinib.*® In addition, although
the case report number is limited, the safety signals for acneiform dermatitis and rosacea following deucravacitinib use
were also notable. The specific mechanism of higher risk for skin-related AEs during deucravacitinib treatment is
complex and demands further in-depth investigations, as prior studies have identified the involvement of the JAK-STAT
pathway in chronic cutaneous inflammatory conditions, such as rosacea and acne.***' Although theoretically inhibiting
the JAK-STAT pathway may be beneficial for certain skin inflammatory diseases, in practical applications it may
paradoxically lead to unexpected AEs, paralleling similar observations with other treatments like oral
corticosteroids.*? Regarding infections, deucravacitinib and apremilast exhibit different patterns, with deucravacitinib
showing higher disproportionality in certain infection-related AEs, including folliculitis and oral herpes. TYK2 has
multiple immunological roles and mediates both pro-inflammatory and antiviral cytokine responses, which may partially
explain the differences in infection-related AEs between the two drugs.**** Regarding nervous system disorders, both
drugs exhibit significant risk for headache, with apremilast showing stronger signals than deucravacitinb, suggesting that
the risk of headache may differ between the two drugs.

Although the major adverse events (AEs) of apremilast and deucravacitinib align with their respective drug labels, our
analyses identified additional AEs not documented in the instructions.'®* In previous Phase 2 and 3 trials of apremilast,
common AEs included diarrhea, nausea, URTI, nasopharyngitis, tension-type headaches, and headaches, findings that
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correspond with our study.?>*® However, we also observed AEs absent from the label, such as sinus headaches, multiple
allergies, and gallbladder disease. Notably, existing studies suggest insufficient evidence regarding the safety of long-
term use, potentially explaining the discrepancy.*® This may indicate that certain AEs manifest over prolonged treatment
periods and are thus not captured in clinical trials, underscoring the necessity for clinicians to consider long-term drug
impacts when managing chronic diseases like psoriasis. Similarly, the clinical trials of deucravacitinib have reported AEs
such as nasopharyngitis, URTI, acne, headaches, and diarrhea.'®*'** Our findings revealed additional AEs primarily
involving cutaneous and oral reactions, including pruritus, rashes, erythema, skin burning sensations, urticaria, oral pain,
and oral mucosal blistering. Of particular interest is the emergence of rare but significant safety signals for acneiform
dermatitis and rosacea. While acne is listed on the drug label, the observed severity of acneiform dermatitis and rosacea
exceeds that of typical acne, warranting increased vigilance from both patients and healthcare providers. Given that
deucravacitinib has been on the market for only one year, many reported AEs—including fluctuating signals for URTI,
diarrhea, and unlisted skin-related reactions—are based on limited data. Therefore, further studies are essential to
validate the post-marketing safety profile of deucravacitinib.

Our analyses also found some sex differences in AE patterns of apremilast and deucravacitinib. Firstly, females
reported significantly more AERs than males, with rates of 63.65% vs. 34.76% for apremilast and 59.81% vs 33.69% for
deucravacitinib. This may be partly due to a slightly higher number of female psoriasis patients compared to males.*”*
Additionally, women with psoriasis often experience a greater disease burden, including poorer quality of life (QoL),
more severe pruritus, more frequent fatigue, and increased work disability.”®>* These factors could contribute to a higher
likelihood of drug use among female patients. Furthermore, female patients were more likely to experience specific AEs
than male patients, such as skin-related reactions with deucravacitinib and tension headaches with apremilast. Women
often have higher drug concentrations and longer elimination times, possibly due to physiological differences, which
could influence AE rates.> These observations suggest that sex-related factors may be associated with the AE patterns of
apremilast and deucravacitinib.

Although our findings offer valuable insights for managing AEs related to apremilast and deucravacitinib, there are
several limitations. Firstly, this pharmacovigilance study is based on FAERS database, which is a spontaneous reporting
system that might have variable quality and potential bias due to incomplete and inaccurate data from various sources.
The occurrence of AEs can be influenced by different confounders and factors, such as concomitant drug use, drug
dosage, duration of drug use, and baseline comorbidities. Additionally, the time intervals for AE reports were not uniform
between the two drugs due to data availability. Thus, healthcare professionals should continue to closely monitor adverse
events in clinical practice to ensure timely intervention. Moreover, the causal relationship between apremilast or
deucravacitinib and AEs cannot be established by this disproportionality analysis, as it only indicates signal strength
without confirming causality. To address this, more in-depth investigations that focus on the mechanism of action of
drugs and the underlying causes of side effects are needed to establish the causal relationship between drug use and AEs,
distinguishing them from those resulting from the natural progression of the disease.

Conclusion

This FAERS-based study systematically and comprehensively identified the safety signals of apremilast and deucrava-
citinib, offering valuable real-world insights into the safety profiles of these two drugs. Our finding showed that
apremilast was closely associated with AEs such as psoriasis relapse, gastrointestinal, and nervous system disorders.
Deucravacitinib, on the other hand, shows a more complex risk profile of skin and oral AEs, with skin-related AEs being
more prevalent among females.
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