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Brodalumab, a humanized monoclonal antibody that targets the interleukin-17 receptor A, is primarily
used to manage moderate-to-severe plaque psoriasis. Although it has demonstrated favorable efficacy
and safety in clinical trials, the strict inclusion and exclusion criteria may not fully reflect its safety
profile in real-world settings. As its use becomes more widespread in clinical practice, understanding its
safety in real-world applications is crucial.

This study employed disproportionality analysis to assess the safety of brodalumab by examining
all adverse event reports that identified brodalumab as the primary suspected drug in the FDA
Adverse Event Reporting System database since 2017. Techniques such as the Reporting Odds
Ratio, Proportional Reporting Ratio, Multi-item Gamma Poisson Shrinker, and Bayesian Confidence
Propagation Neural Network were utilized to analyze the adverse events associated with brodalumab.
Additionally, the Weibull distribution was used to model the temporal risk of adverse events.

The study identified several adverse reactions already listed on the drug’s label that showed positive
signals, including arthralgia, headache, myalgia, suicidal ideation, oropharyngeal pain, injection site
mass, and infections. Additionally, we found potential adverse reactions not noted on the drug’s label
that exhibited positive signals, including depression, increased blood pressure, peripheral swelling,
gait disturbance, inability to walk, stress, myocardial infarction, sepsis, uveitis, nephrolithiasis, and
interstitial lung disease. Moreover, this analysis highlighted the critical need for vigilant monitoring of
adverse events, especially during the first month following the initiation of treatment.

This study provides initial insights into the real-world safety of brodalumab, confirming known
adverse reactions and uncovering additional potential risks. The results deliver vital information
that can assist clinicians in making informed decisions when prescribing brodalumab for psoriasis
treatment.
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Brodalumab is a novel biologic therapy for psoriasis that blocks IL-17 receptor A, a key receptor involved in
IL-17 cytokine binding and the activation of relevant intracellular signaling pathways"2. Psoriasis is a common,
chronic, and immune-mediated skin disease, associated with a number of comorbidities, including metabolic
syndrome, cardiovascular disease, and psychiatric disorders’. Psoriasis affects around 2-4% of the population?,
and 20% of patients have been estimated to be moderate to severe psoriasis®. The global incidence of psoriasis
increased by 26.53% from 1990 to 2019°. Psoriatic lesions are infiltrated by a large number of inflammatory
cells and interleukin-17 (IL-17) signal pathway plays an important role in the pathogenesis of the disease’.
Phase 3 Studies have demonstrated Brodalumab’s effectiveness and safety in the treatment of moderate to severe
plaque psoriasis and psoriatic arthritis®-!°. Meanwhile, brodalumab has been increasingly used in various
populations, including adults (aged 18-75)%!1, pregnant and pediatric patients, and those with concomitant
chronic infections'?. Reports have indicated that the use of brodalumab has led to several challenging adverse
events, including subacute cutaneous lupus erythematosus'?, ichthyosis'4, and autoimmune hepatitis'®>. Due to
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the stringent inclusion and exclusion criteria of clinical trials, the safety profile of brodalumab in the general
population may not be adequately represented. Moreover, there is currently a lack of real-world safety data on
brodalumab. Therefore, post-marketing evaluations utilizing data mining are necessary to explore the potential
adverse events associated with brodalumab in real-world settings.

The FDA Adverse Event Reporting System (FAERS) database is a public and valuable reporting database
for post-marketing surveillance and early detection of drug safety issues!®!”. The database includes the
FDASs collection of all the adverse events information and medication errors. In this study, we aimed to
assess the potential adverse events associated with brodalumab by utilizing the FAERS database and several
disproportionality analysis techniques. Additionally, we conducted a comprehensive analysis of the time to
onset of adverse reactions and explored differences based on age and gender. This study can provide a guide for
physicians and health policymakers to monitor adverse reactions and offer recommendations for the rational
use of clinical drugs.

Results

Descriptive characteristics

A total of 12,306,668 reported cases were obtained from the FAERS database during the study period (Q1
2017-Q1 2024). After dereplication, this study finally encompassed 1637 adverse event reports associated with
brodalumab and 7214 brodalumab-associated adverse events (Fig. 1). The clinical characteristics of brodalumab-
related adverse event reports are described in Table 1. These reports included 902 reports (55.1%) from males,
701 reports (42.8%) from females and 34 reports (2.1%) whose gender information was missed. The age group
of 18-65 years accounted for 53.8% of the total reports. Healthcare professionals submitted 50.3% of the adverse
event reports. Canada, the United States, Japan, Germany, and England were the top five countries with the
highest number of reports. In terms of reporting years, the most reported year was 2023 (22.1%), followed by
2020 (17.8%), 2021 (17.3%), 2022 (13.8%), and 2019 (13.7%), respectively. The detailed information regarding
adverse event reports associated with brodalumab can be found in Table 1.

Disproportionality analyses

Signal strengths of reports of niraparib at the SOC level are shown in Table 2. Statistically, we found that
brodalumab-induced adverse events occurrence targeted 27 organ systems (Fig. 2). The significant SOCs were
shown as follows: infections and infestations, skin and subcutaneous tissue disorders, musculoskeletal and
connective tissue disorders, surgical and medical procedures, and social circumstances (Table 2). Moreover,
we further examined PT signals of the data and the statistically significant signals of the top 100 PTs ranked by
frequency waslisted in Table 3. All of the top 100 PTs were shown in Supplementary Table 2. The disproportionality
analyses confirmed the occurrence of adverse reactions included in the drug’s label, containing arthralgia,
headache, myalgia, suicidal ideation, oropharyngeal pain, injection site mass, and infections. In addition, several
potential adverse reactions were identified, including depression, blood pressure increased, peripheral swelling,
gait disturbance, gait inability, stress, myocardial infarction, sepsis, uveitis, nephrolithiasis, and interstitial lung
disease.

DEMO(N=12,306,668)
H Duplication records(N=1,635,838) >

(DRUG(N=41,813,333)> (DEMO removed duplication(N=10,670,830)) (REAC(N=31,852,854)>

Adverse event reportings of Adverse events induced
brodalumab as the PS(N=1,637) by brodalumab as the PS(N=7,214)

Adverse event reportings
of brodalumab as the PS(N=1,637)
( Descriptive analysis ) Signal detection ( Subgroup analysis ) < Time-to-onset analysis )

Fig. 1. Flowchart depicting the adverse event analysis process for brodalumab using the FDA Adverse Event
Reporting System database. Abbreviations: DEMO, demographics; DRUG, drug information; REAC, adverse
events; PS, primary suspect.
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Characteristics Case numbers | Case proportion (%)
Number of events 1637

Gender

Male 902 55.1%
Female 701 42.8%
Miss 34 2.1%
Age(years)

Median (IQR) 58(46,67)

<18 1 0.1%
18-65 880 53.8%
>65 420 25.6%
Miss 336 20.5%
Top 5 Reported Countries

Canada 512 31.3%
United States 435 26.6%
Japan 224 13.7%
Germany 119 7.3%
England 112 6.8%
Reporter

Healthcare professional 823 50.3%
Non-healthcare professional | 805 49.2%
Miss 9 0.5%
Reporting year

2017 7 0.4%
2018 146 8.9%
2019 225 13.7%
2020 291 17.8%
2021 283 17.3%
2022 225 13.8%
2023 362 22.1%
2024 98 6.0%

Table 1. Clinical characteristics of brodalumab adverse event reports from the FAERS database (Q1 2017 - Q1
2024). Abbreviation: interquartile range, IQR.

Subgroup analyses

Subgroup analyses were subsequently conducted on the top 50 most frequent adverse events. Gender subgroup
analysis revealed that require additional attention in male patients include headache, blood pressure increased,
and myocardial infarction, while Oropharyngeal pain, Injection site pain, and stress in female patients. Specific
signal values for these adverse events can be found in Supplementary Tables 3 and 4.

Age subgroup analysis indicated that depression, stress, suicidal ideation and nasopharyngitis should be
paid further attention in the 18-65 age group. In the population over 65 years of age, occurrences of fatigue,
headache, and peripheral swelling should be monitored. Signal values for age-related adverse events are provided
in Supplementary Tables 5, 6, and 7.

Time to onset and Weibull distribution analysis of adverse events

A total of 498 patients recorded the onset times of adverse events, and the with the specific distribution shown
in the Fig. 3. Results indicated that most cases occurred within 1 month (n=135, 27.1%) after brodalumab
administration, and the numbers of cases decreased over time. Additionally, an analysis of the variation of adverse
events over time was conducted, as depicted in another Fig. 4. The onset times associated with brodalumab were
predicted using the Weibull distribution, showing an early failure model which indicated that the occurrence of
adverse events decreases over time. More specific parameters are detailed in the Table 4.

Sensitivity analysis

Brodalumab is commonly used in combination with medications such as clobetasol, prednisone, betamethasone
calcipotriene, and vitamin D3. After excluding the four drugs most commonly co-administered with brodalumab
in clinical settings, a reanalysis of the top 100 adverse events was conducted. The potential adverse reactions
at the PT level were found to be essentially consistent with previous findings, as detailed in Supplementary
Table 8, including headache, Covid-19, depression, suicidal ideation, nasopharyngitis, blood pressure increased,
cellulitis, influenza, and myocardial infarction.
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SOC Case numbers | ROR(95%CI) PRR(x2) EBGM(EBGMO5) | IC(I1C025)
Infections and infestations* 681 1.78 (1.65-1.93) | 1.71(212.36) | 1.71(1.6) 0.77 (-0.89)
Skin and subcutaneous tissue disorders* 801 2.03(1.89-2.18) | 1.92(371.71) | 1.91(1.8) 0.94 (-0.73)
Eye disorders 114 0.82(0.68-0.99) | 0.82 (4.47) |0.82(0.7) 2028 (-1.95)
Renal and urinary disorders 68 0.47 (0.37-0.59 ) | 0.47 (40.83) | 0.47(0.39) -1.08 (-2.75)
Gastrointestinal disorders 441 0.73 (0.67-0.81) | 0.75(40.38) | 0.75(0.69) -0.42 (-2.08)
General disorders and administration site conditions 1,221 0.95(0.9-1.01) |0.96(2.35) 0.96 (0.91) -0.06 (-1.72)
Nervous system disorders 376 0.67 (0.6-0.74) |0.68(59.06) |0.68(0.63) -0.55(-2.21)
Musculoskeletal and connective tissue disorders* 621 1.75(1.61-1.9) | 1.68(181.08) | 1.68(1.57) 0.75(-0.92)
Metabolism and nutrition disorders 83 0.57 (0.46-0.71) | 0.58 (26.44) | 0.58 (0.48) -0.8(-2.46)
Injury, poisoning and procedural complications 819 0.94 (0.88-1.02) | 0.95(2.4) 0.95(0.89) -0.07 (-1.74)
Psychiatric disorders 347 0.89 (0.8-0.99) |0.9(4.41) 0.9(0.82) -0.16 (-1.82)
Surgical and medical procedures* 390 4,04 (3.64-4.47 ) | 3.87(841.47 ) | 3.87(3.55) 1.95(0.29)
Cardiac disorders 109 0.74 (0.61-0.9) |0.75(9.55) 0.75(0.64) -0.42 (-2.09)
Respiratory, thoracic and mediastinal disorders 232 0.7 (0.61-0.79) |0.71(29.85) |0.71(0.63) -0.5(-2.17)
Vascular disorders 95 0.69 (0.56-0.85) | 0.7 (12.95) 0.7 (0.59) -0.52(-2.19)
Hepatobiliary disorders 51 0.86 (0.65-1.13) | 0.86 ( 1.16) 0.86 (0.68) -0.22(-1.88)
Investigations 258 0.6 (0.53-0.68) | 0.61(67.75) |0.61(0.55) -0.71(-2.38)
Neoplasms benign, malignant and unspecified (incl cysts and polyps) 142 0.6 (0.51-0.71) |0.61(36.73) |0.61(0.53) -0.71(-2.38)
Social circumstances* 119 3.63(3.03-4.35) | 3.59(222.77) | 3.58 (3.08) 1.84(0.18)
Product issues 90 0.7 (0.57-0.87) |0.71(11.14) |0.71(0.59) -0.5(-2.17)
Blood and lymphatic system disorders 30 0.25(0.17-0.35) | 0.25(68.39) |0.25(0.19) -2(-3.66)
Immune system disorders 50 0.56 (0.43-0.75) | 0.57 (16.65) | 0.57 (0.45) -0.82(-2.48)
Endocrine disorders 8 0.41 (0.21-0.82) | 0.41 (6.69) 0.41(0.23) -1.28 (-2.94)
Ear and labyrinth disorders 25 0.8(0.54-1.18) |0.8(1.25) 0.8 (0.58) -0.32(-1.99)
Reproductive system and breast disorders 31 0.6 (0.42-0.85) | 0.6(8.26) 0.6 (0.45) -0.73(-2.4)
Pregnancy, puerperium and perinatal conditions 11 0.4(0.22-0.73) |0.41(9.64) 0.41(0.25) -1.3(-2.97)
Congenital, familial and genetic disorders 1 0.05(0.01-0.35) | 0.05(18.25) |0.05(0.01) -4.33(-6)

Table 2. Signal strength of brodalumab AEs across system organ classes (SOC) in the FAERS database.
Abbreviation: Asterisks (*) indicate statistically significant signals in algorithm; ROR, reporting odds ratio;
PRR, proportional reporting ratio; EBGM, empirical Bayesian geometric mean; EBGMO5, the lower limit
of the 95% CI of EBGM; IC, information component; IC025, the lower limit of the 95% CI of the IC; CI,

confidence interval; AEs, adverse events.

Prapartion of adverse event reparisit)

Fig. 2. Distribution of adverse events associated with brodalumab by system organ class.
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PT Case numbers | ROR(95%CI) PRR(x?) EBGM(EBGMO5) | IC(IC025)
Psoriasis* 337 20.75(18.59-23.15) | 19.82(6010.58) | 19.74(18.01) 43(2.64)
Arthralgia* 146 2.97 (2.52-3.5) 2.93 (186.42) 2.93(2.55) 1.55(-0.12)
Product dose omission issue* 129 1.82(1.53-2.17) 1.81 (46.78) 1.8(1.56) 0.85(-0.81)
Intentional product use issue* 119 7.67 (6.4-9.19) 7.56 (677.62) 7.55(6.49) 292(1.25)
Psoriatic arthropathy* 114 21.02 (17.46-25.31) | 20.71(2129.76) | 20.62 ( 17.65) 437(2.7)
Therapy interrupted* 105 10.99 (9.06-13.32) | 10.84(936.92) 10.82(9.2) 3.44(1.77)
Headache* 95 1.34(1.1-1.64) 1.34(8.2) 1.34(1.13) 0.42 (-1.25)
Inappropriate schedule of product administration* | 94 2.66 (2.17-3.26) 2.63(95.76) 2.63(2.22) 1.4 (-0.27)
Disease recurrence* 84 11.72(9.45-14.53) | 11.59(811.77) 11.57 (9.66) 3.53(1.87)
Therapy cessation* 81 10.1 (8.11-12.57) | 10 (655.04) 9.98(8.3) 3.32(1.65)
Covid-19* 71 2.01(1.59-2.54) | 2(35.8) 2(1.65) 1(-0.66)
Pruritus* 70 159 (1.26-2.01) | 1.58 (15.19) 158 (1.3) 0.66 (-1)
Patient dissatisfaction with treatment* 64 321 (248.81-414.12) | 318.16 ( 18874.5) | 296.84 (239.85) 8.21(6.54)
Pain in extremity* 59 1.82(1.41-2.35) 1.81(21.53) 1.81(1.46) 0.86 (-0.81)
Hospitalisation* 51 2.51(1.91-3.31) 2.5(46.14) 2.5(1.99) 1.32(-0.34)
Myalgia* 51 2.88(2.19-38) | 2.87(62.22) 2.87(2.28) 1.52(-0.15)
Product distribution issue* 49 48.65 (36.68-64.53) | 48.33(2246.71) | 47.81(37.75) 5.58(3.91)
Depression* 48 2.16 (1.62-2.87) 2.15(29.61) 2.15(1.7) 1.1(-0.56)
Suicidal ideation* 46 5.2(3.89-6.95) | 5.17(154.75) 5.17 (4.05) 2.37(0.7)
Intentional dose omission* 45 12.73(9.49-17.07 ) | 12.65 (481.79) 12.62 (9.87) 3.66 (1.99)
Nasopharyngitis* 42 1.88 (1.39-2.55) 1.88(17.25) 1.88(1.46) 0.91(-0.76)
Cellulitis* 41 721(53-98) | 7.17(217.59) 7.16 (5.54) 2.84(1.17)
Blood pressure increased* 40 2.2(1.61-3) 2.19(26.04) 2.19(1.69) 1.13(-0.53)
Peripheral swelling* 38 1.68 (1.22-2.31) 1.67 (10.36 ) 1.67 (1.28) 0.74(-0.92)
Product use issue* 37 1.51 ( 1.09-2.09 ) 1.51(6.33) 1.51(1.15) 0.59 (-1.07)
Oropharyngeal pain* 36 3.24(2.33-4.49) 3.23(55.37) 3.23(245) 1.69 (0.02)
Therapeutic product effect incomplete* 35 1.98 (1.42-2.76) 1.98 (16.97 ) 1.98(1.5) 0.98 (-0.68)
Gait disturbance* 34 1.56 (1.12-2.19) 1.56 (6.85) 1.56 (1.18) 0.64 (-1.02)
Arthritis* 33 3.53(2.51-4.97) 3.52(59.52) 3.52(2.64) 1.81(0.15)
Stress* 32 3.74 (2.64-5.3) 3.73 (63.96) 3.73(2.79) 1.9(0.23)
Surgery* 28 4.36 (3.01-6.32) 4.35(72.22) 4.35(3.19) 2.12(0.45)
Tlness* 28 1.86(1.28-2.69) | 1.85(11.05) 1.85(1.36) 0.89 (-0.78)
Therapeutic product effect decreased* 26 2.27(1.54-3.33) 2.26(18.32) 2.26(1.64) 1.18 (-0.49)
Gait inability* 25 4.04 (2.73-5.99) 4.03 (57.04) 4.03(29) 2.01(0.34)
1ll-defined disorder* 24 2.61(1.75-3.9) 2.6(23.72) 2.6(1.86) 1.38(-0.29)
Decreased appetite 23 0.83(0.55-1.26) 0.83(0.76 ) 0.83(0.59) -0.26 (-1.93)
Influenza* 22 1.56 ( 1.03-2.37) 1.56 (4.43) 1.56 (1.1) 0.64 (-1.03)
Myocardial infarction* 21 1.89(1.23-2.9) 1.89(8.8) 1.89(1.32) 0.92 (-0.75)
Symptom recurrence* 21 22.76 (14.82-34.97) | 22.7(433.43) 22.59(15.77) 4.5(2.83)
Localised infection* 21 7.08 (4.61-10.87 ) 7.07 (109.22) 7.06 (4.93) 2.82(1.15)
Sepsis* 20 1.63 (1.05-2.54) | 1.63 (4.91) 1.63 (1.13) 0.71 (-0.96)
Insurance issue* 19 10.01 ( 6.38-15.7 ) 9.98 (153.27) 9.96 (6.83) 3.32(1.65)
Depressed mood* 19 3.18 (2.03-4.98) 3.17 (28.25) 3.17(2.17) 1.66 (0)
Product dose omission in error* 19 5.79 (3.69-9.09 ) 5.78 (75.07 ) 5.77 (3.96 ) 2.53(0.86)
Skin infection* 18 12.83 (8.07-20.39) 12.8 (195.27) 12.77 ( 8.66 ) 3.67(2.01)
Therapeutic response unexpected* 18 3.47 (2.18-5.51) 3.46 (31.52) 3.46 (2.35) 1.79 (0.12)
Uveitis* 18 9.69 (6.1-15.39) |  9.67 (139.59) 9.65 (6.55) 327(1.6)
Ear infection* 17 517(321-8.32) | 5.16(56.93) 5.15(3.46) 2.37(0.7)
Nephrolithiasis* 15 2.78 (1.67-4.61) 2.77 (17.01) 2.77 (1.81) 1.47 (-0.2)
Continued
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Case numbers | ROR(95%CI) PRR(x?) EBGM(EBGMO05) | IC(IC025)
Skin fissures* 14 5.95 (3.52-10.05) 5.94 (57.45) 5.93(3.82) 2.57(0.9)
Injection site mass* 14 2.87(1.7-4.84) 2.86 (16.97) 2.86(1.85) 1.52(-0.15)
Interstitial lung disease* 13 2.33(1.35-4.01) 2.32(9.81) 2.32(147) 1.22(-045)
Oral candidiasis* 13 9.52 (5.52-16.42) 9.51 (98.75) 9.49 (6.01) 3.25(1.58)
Pustular psoriasis* 13 42.36 (24.52-73.19) | 42.29 (519.13) 41.9(26.52) 5.39(3.72)

Table 3. Top 100 most frequent adverse events for brodalumab at the preferred term (PT) level from FAERS.
Abbreviation: Asterisks (*) indicate statistically significant signals in algorithm; ROR, reporting odds ratio;
PRR, proportional reporting ratio; EBGM, empirical Bayesian geometric mean; EBGMO5, the lower limit

of the 95% CI of EBGM; IC, information component; IC025, the lower limit of the 95% CI of the IC; CI,
confidence interval; PT, preferred term.
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Fig. 3. Time to onset of brodumab-induced adverse events.

Discussion

Brodalumab, a human monoclonal antibody targeting the IL-17 receptor A, is primarily used to treat moderate to
severe plaque psoriasis. It has shown significant efficacy in managing this condition. However, it is associated with
various adverse reactions”!®. Comprehensive and systematic monitoring and analysis of these adverse reactions
are necessary to further enhance the safety profile of brodalumab in clinical practice. In this pharmacovigilance
study, we utilized the FAERS database and conducted four types of disproportionality analyses to evaluate the
adverse events associated with brodalumab. This study identified the majority of the adverse reactions contained
in the drug’s label, including arthralgia, headache, myalgia, suicidal ideation, oropharyngeal pain, influenza,
injection site mass, and infections. Moreover, several potential adverse reactions not list on the drug label were
also confirmed, such as depression, blood pressure increased, peripheral swelling, gait disturbance, gait inability,
stress, myocardial infarction, sepsis, uveitis, nephrolithiasis, and interstitial lung disease.

Clinical trials have identified that patients treated with brodalumab have reported higher incidences of
infections, which are listed as adverse reactions on the drug’s label'. In this study, we identified several infection-
related adverse events including nasopharyngitis, cellulitis, influenza, sepsis, and oral candidiasis. Phase 3 clinical
trials reported nasopharyngitis and upper respiratory tract infection as common adverse events, with a slightly
higher rate of infections in the brodalumab 210 mg group compared to the 140 mg group and placebo®*2!, The
majority of reported infection-related adverse events included nasopharyngitis, pharyngitis, bronchitis, urinary
tract infection, influenza, cellulitis, and sinusitis?*-*2. Brodalumab has also been demonstrated to cause mild
to moderate candida infections and the exposure-adjusted event rate of suspected Candida infection was 3.5
events per 100 patient-years (E/100 PY)®?. In another phase 3 clinical trial, only one patient was diagnosed with
candidiasis during the entire study period of 64 weeks?*. Clinically, this suggests that while candida infections are
relatively rare, physicians should remain aware of their potential in patients undergoing brodalumab treatment.
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Fig. 4. Cumulative incidence of brodumab-induced adverse events over time. Abbreviations: TTO, time to
onset.

Drug TTO (days) Weibull distribution
Case reports | Median(d)(IQR) | Scale parameter: a(95%CI) | Shape parameter: p(95%CI) | Type
Brodalumab | 498 110.5(26,338) 204.76(176.06,233.47) 0.66(0.61,0.71) Early failure

Table 4. Time to onset of brodalumab-associated adverse events and Weibull distribution analysis.
Abbreviation: TTO, time to onset; CI, confidence interval; IQR, interquartile range.

In addition, patients treated with brodalumab were at risk of exposure of COVID-19 2>%, further emphasizing
the need for close monitoring. While serious infections were infrequently reported, isolated cases of serious
cryptococcal meningitis, serious coccidioidomycosis infection, serious pneumonia, and urosepsis documented
in clinical trials?*?2%’. The impairment of IL-17 immunity, due to brodalumab binding to IL-17 A, may account
for various infections in treated patients?®. These findings suggested that clinicians should remain vigilant for
signs of infection, particularly in patients with a history of recurrent infections or other related risk factors, and
discontinue brodalumab if a serious infection develops during treatment.

In this study, psychiatric disorders including suicidal ideation and depression were identified as adverse
events associated with brodalumab. Suicidal ideation and behavior (SIB) have been reported in patients receiving
brodalumab, among patients treated with brodalumab, predominantly in those with a history of depression
and/or SIB, as noted on the drug label?”’. A review of clinical trials found that 3 of 4464 patients receiving
brodalumab were confirmed to have committed suicide, potentially as a result of worsening psoriasis following
discontinuation of the medication®. Psychiatric adverse events such as depression and anxiety were also
reported as potential risks in several clinical trials?**°. However, several studies have reported that the incidence
of psychiatric adverse events and SIB events was not significantly higher in brodalumab group compared to
placebo®?*. Nonetheless, given the severity of these potential side effects and our findings, it is crucial to conduct
thorough mental health assessments before and during treatment and prescribers should carefully weigh the
potential risks of brodalumab treatment, especially in patients with a history of depression or SIB.

Headache has been reported to be a common adverse event occurred in phase 3 clinical trials and is also listed
on the drug’s label®*. For instance, in the study conducted by Lebwohl et al., approximately 6-7% of patients
receiving brodalumab reported headaches, compared to 3% in the placebo group®. Most reported headaches
are mild to moderate in severity. While the underlying mechanism of brodalumab-induced headaches remains
unclear, monitoring for this side effect is crucial during clinical application, particularly given its potential
impact on a patients quality of life. Healthcare providers should be vigilant in assessing the frequency and
severity of headaches in patients undergoing brodalumab therapy. Adjustments in treatment or supportive care,
such as recommending over-the-counter analgesics or other interventions, may be necessary to improve patient
comfort and adherence to therapy.

Our study also identified blood pressure increased as a potential adverse reaction. Considering that
hypertension and cardiac diseases are common comorbidities in patients with psoriasis®*?, it is essential to
monitor the blood pressure of those treated with brodalumab. Elevated blood pressure can exacerbate underlying
cardiovascular conditions, potentially leading to more serious complications. Regular monitoring allows
healthcare providers to detect any changes early and intervene appropriately, ensuring that patients receive the
most effective care while minimizing the risk of adverse cardiovascular outcomes.
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Myocardial infarction was identified as a potential adverse event in this study. Recent studies have focused on
biologics-induced major adverse cardiovascular events (MACEs), such as myocardial infarction, cerebrovascular
accident, and cardiovascular death. In a pooled analysis, the exposure-adjusted rate of MACE was 0.9 E/ 100PY
in the brodalumab 140 mg group in period 1, compared to 0.5 E/100 PY in the placebo group. In period 2, the
rates were 0.7 E/100 PY and 1.0 E/100 PY for the brodalumab 210 mg and 140 mg groups, respectively. All
patients who experienced MACE had a history of cardiovascular disorders and/or cardiovascular risk factors
such as hypertensionzo. However, in several clinical trials, MACEs were not observed in patients treated with
brodalumab®?%>?7. Therefore, the association between brodalumab and MACE needs further investigated.
Considering the strong link between psoriasis and cardiovascular diseases, along with findings from this study
that identified myocardial infarction as a potential adverse event associated with brodalumab, it is imperative
that patients with a history of cardiovascular disorders or risk factors undergo careful assessment before starting
treatment with brodalumab. Regular monitoring throughout treatment is also recommended to detect any
potential cardiovascular issues early.

Moreover, nephrolithiasis was identified as a potential adverse event associated with brodalumab in our
study. The typical symptoms of nephrolithiasis include sudden-onset, crampy flank pain, hematuria, nausea,
and vomiting. About 50% of patients experience nausea and vomiting due to the shared splanchnic innervation
between the renal capsule and the intestines. The presence of fever and chills during the onset is uncommon
and may indicate an infected stone or a concurrent urinary tract infection®*-3>. Therefore, regular imaging and
initial laboratory tests, including assessments for hematuria and creatinine clearance, are essential to effectively
evaluate and manage nephrolithiasis®.

In addition, this study revealed that oropharyngeal pain and interstitial lung disease were the potential adverse
events of brodulumab. The causes of oropharyngeal pain included infections®’, tumors*®3°, oral mucositis*’, and
neuralgia*!. Clinicians should positively explore the causes and provide appropriate treatment when patients
experienced oropharyngeal pain. Drug-induced interstitial lung disease have been reported to be caused by
antineoplastic drugs??, rituximab®3, statins** and etc. However, interstitial lung disease induced by brodalumab
has not been previously reported, which underscores the importance of heightened clinical vigilance when
prescribing brodalumab, especially in patients with respiratory symptoms, and warrants further research to
better understand this potential complication. Early identification and intervention are essential for managing
interstitial lung disease effectively and minimizing long-term pulmonary damage.

Headache, blood pressure increased and cardiovascular adverse events including such as myocardial
infarction warrant particular attention in male patients, potentially due to associations with sex hormones. In
females, the occurrence of oropharyngeal pain, injection site pain, and stress should be monitored regularly.
For patients over the age of 65, fatigue, headache, and peripheral swelling should be carefully concerned during
the period of medication use. Additionally, our findings indicated that the most cases occurred within the first
month of brodalumab administration, with a subsequent decline over time. This highlights the need for vigilant
monitoring of adverse events during the initial month of treatment. Moreover, sensitivity analysis was conducted
to identify persistent potential adverse reactions associated with brodalumab monotherapy, including headache,
depression, suicidal ideation, nasopharyngitis, and blood pressure increased. Such impactful adverse events can
influence treatment adherence, adversely affecting therapeutic efficacy.

Through the analysis of adverse events using the FAERS database, this study provides a comprehensive
evaluation of the real-world safety of brodalumab, offering valuable guidance for clinical decision-making.
Clinicians should remain vigilant for infections, particularly in patients with a history of recurrent infections,
and consider discontinuing treatment if serious infections develop. Meanwhile, given the potential psychiatric
side effects, such as depression and suicidal ideation, mental health assessments are essential both before and
during treatment. Regular monitoring of blood pressure and cardiovascular health is also recommended,
especially for patients with pre-existing risk factors. Additionally, this study further emphasizes the importance
of individualized monitoring, as certain adverse events may differ by sex or age. For example, cardiovascular
events are more common in males, while oropharyngeal pain is more frequently observed in females, and
elderly patients may experience increased fatigue and peripheral swelling. In summary, these findings provide
valuable insights into the safety profile of brodalumab, assisting clinicians in making more informed prescribing
decisions for their patients.

However, this study has several limitations worth noting. Firstly, as a spontaneous reporting system, the
FAERS database is susceptible to underreporting and reporting bias, which could affect the understanding of
adverse events associated with brodalumab. Underreporting typically occurs with minor or well-known adverse
reactions, as healthcare providers or patients might consider these reactions well-documented, not requiring
further reporting, or irrelevant to drug use. Additionally, for new drugs or those that have recently garnered
public attention, adverse event reporting might surge due to increased scrutiny, a phenomenon known as
“publicity bias”. This could lead to an excessive focus on the safety of certain drugs while neglecting potentially
equally important safety issues. Moreover, the relatively small sample size included in this study may not offer a
comprehensive overview of identified potential adverse reactions, necessitating further data accumulation. Next,
the FAERS database often lacks detailed information on drug exposure and other factors, limiting exploration of
their effects on adverse events. Furthermore, although this study identified brodalumab as the primary suspect
drug, it did not restrict its use to specific indications, potentially affecting conclusion specificity. In addition,
this study was limited to analyzing adverse drug reactions/events and did not comprehensively cover the use
of biologicals within controlled environments accompanied by risk management plans or their overall risk-
benefit evaluation. This limitation may restrict a full understanding of the overall safety profile of brodalumab.
Future research should integrate risk management strategies with patient monitoring in real-world settings to
provide a more comprehensive drug safety assessment. Lastly, while disproportionality analysis was effective in
identifying positive signals for adverse events, it does not establish a causal relationship between brodalumab
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and these adverse events. Further prospective studies are essential to validate these findings and enhance the
understanding of brodalumab’s safety profile.

In conclusion, this study used disproportionality analysis to investigate adverse events associated with
brodalumab, confirming several risks listed on the drug’s label and identifying potential issues such as depression,
increased blood pressure, and myocardial infarction. Patients with a history of mental health issues should
receive extra psychological support. Patients should be informed about potential side effects and encouraged to
report symptoms promptly, while clinicians should conduct thorough pre-treatment evaluations and maintain
regular monitoring throughout the therapy.

Methods

Data source and processing

Our study utilized the FAERS database to perform the pharmacovigilance study of brodalumab in the post-
marketing setting. The FAERS database gathers spontaneous adverse event reports from healthcare professionals,
pharmaceutical manufacturers, and patients from various regions. Seven types of information make up the
FAERS database: demographics (DEMO), drug information (DRUG), adverse events (REAC), outcomes
(OUTC), report sources (RPSR), therapy start and end dates (THER), and indications (INDI). The adverse
event reports related to brodalumab from Q1 2017 to Q1 2024 were searched and downloaded from the FAERS
database. The flow chart of this study is depicted in Fig. 1, which illustrates the process of data extraction,
processing, and analysis procedures.

Subsequently, we conducted deduplication and standardization of the adverse events. Following the criteria
recommended by FDA, we removed the duplicates according to CASEID, FDA_DT, and PRIMARYID*. Next,
the terminology for adverse events was standardized using the Medical Dictionary for Regulatory Activities
(MedDRA 26.1), which classifies events at both the system organ class (SOC) and preferred term (PT) levels.

Time-to-onset and weibull distribution analysis

Time-to-onset (TTO) of adverse events is defined as the duration from the initiation date of brodalumab use
(START_DT in the THER file) to the occurrence date of the adverse event (EVENT_DT in the DEMO file). The
median (interquartile range, IQR) was utilized to assess the TTO of brodalumab. The Weibull distribution is
capable of predicting the variability of adverse event risk over time, which is characterized by scale a and shape
B parameters.

Statistical analysis

In this study, we employed four commonly used disproportionality analysis methods to assess positive signals
in adverse events associated with brodalumab: Reporting Odds Ratio (ROR), Proportional Reporting Ratio
(PRR), Bayesian Confidence Propagation Neural Network (BCPNN), and Multi-item Gamma Poisson Shrinker
(MGPS). Detailed formulas for these analyses are provided in Supplementary Table 1. All statistical analyses
were performed using R software (Version 4.2.2).

Data availability
The database used in this study can be accessed at: https://fis.fda.gov/extensions/FPD-QDE-FAERS/FPD-QD
E-FAERS.html.
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