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Benefit-Risk Summary and Assessment

Chronic plaque psoriasis is a common, inflammatory, multi-system disease with both psychological and physical burden affecting 1-2% of the 
U.S. population.  Brodalumab is a new biologic product with a novel mechanism that blocks the IL-17A receptors.  The clinical studies show that 
brodalumab is effective in treating psoriasis and met its primary endpoints of PASI-75 and sPGA of clear (0) or almost clear (1).  Two of the 
Phase 3 clinical trials also showed that brodalumab was more effective than ustekinumab in direct head to head comparison with the endpoint of 
PASI-100 (completely clear skin).  The safety review of brodalumab presented significant findings.  Late into the clinical studies, the suicide 
signal emerged with 4 completed suicides in the Phase 3 clinical trials.  A total of 6 completed suicides in all brodalumab clinical trials were 
identified (4 in psoriasis, 1 in rheumatoid arthritis, and 1 in psoriatic arthritis).  However, one of the completed suicides was later determined as a 
possible overdose and not suicide as ruled by the medical examiner.  The Phase 3 clinical trials were terminated early by the sponsor, leading to a 
lack of long-term and ongoing data to assure safety.  Evaluation of the remaining data suggests a possible drug association with suicide ideation 
and behavior (SIB), although the lack of definitive causation persists.  In addition to the SIB safety issues, the actions of brodalumab theoretically 
affect cardiovascular outcomes and major cardiovascular adverse events.  The review of the safety data available for rare and long-term 
cardiovascular events was also truncated due to termination of all studies in brodalumab.  The review of available cardiac safety data suggests 
possible association of IL-17 receptor inhibition to increase cytokine inflammation leading to worsening MACE.  Cardiology consultation with 
the Division of Cardiology and Renal Product suggested a lack of direct association of brodalumab to MACE due to lack of data.  And a review 
of the available literature is unclear for the mechanistic action of brodalumab causing worsening of atherosclerosis.  In the opinion of this 
reviewer, psoriasis, although a serious disease, is not a fatal disease and the risk of SIB and the possible association with MACE is a safety hurdle 
with an unfavorable risk/benefit analysis for psoriasis patients.  

Dimension Evidence and Uncertainties Conclusions and Reasons 

Analysis of 
Condition

• Psoriasis is a common, chronic, inflammatory, multi-system disease with 
predominantly skin and joint manifestations affecting approximately 2-3 % of 
the US population. Approximately 80% of those affected with psoriasis have 
mild to moderate disease, with 20% having moderate to severe psoriasis 
affecting more than 5% of the body surface area.

• Psoriasis is a disabling disease which has important social, psychological and 

Moderate to severe psoriasis is a serious and 
at times disabling condition that has a 
substantial impact on patient’s lives. Safe and 
effective treatment has the potential to greatly 
improve the quality of life for a patient with 
moderate to severe psoriasis
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Dimension Evidence and Uncertainties Conclusions and Reasons 

economic consequences. The impact of psoriasis on the quality of life is 
reported to be comparable with that observed in other chronic medical 
conditions such as diabetes and depression.

• The National Psoriasis Foundation (NPF) conducted a survey in 2014 
(811 respondents) which reported the following negative impact on 
the Quality of Life (QoL) in psoriasis patients: nearly 60% say 
psoriasis impacts their self-esteem and emotional well-being, more 
than two-thirds avoid social activities, including dating and intimacy 
and 51% of patients state that they are un- or undertreated, the top 
two reasons being fear of side effects and cost or perceived cost of 
therapy.

Current 
Treatment 

Options

• Currently approved drugs for the treatment of moderate to severe psoriasis 
include the anti-metabolite methotrexate (MTX),  tumor necrosis factor (TNF) 
inhibitors such as etanercept, adalimumab and infliximab, IL-12+23 
antagonist ustekinumab, IL-17A antagonist secukinumab and ixekezumab, T 
cell inhibitor cyclosporine (CSA), retinoid soriatane and phosphodiesterase 4 
inhibitor apremilast. Phototherapy, either PUVA (UVA light combined with 
the psoralen methoxsalen) or UVB light therapy (narrow or broadband) is also 
a standard of care treatment for moderate to severe psoriasis patients. The 
efficacy of these products is generally measured on the Psoriasis Area and 
Severity Index (PASI) with the change from baseline as the most common 
primary efficacy endpoint. The PASI 75 (75% reduction in the PASI score 
compared to baseline) for currently available drug therapies varies from 
highly efficacious (PASI 75 ≥ 70%) for cyclosporine, infliximab, adalimumab, 
ustekinumab, secukinumab and ixekizumab to moderately efficacious (PASI 
75 ≥ 40%)  for methotrexate and etanercept to somewhat efficacious (PASI 75 

There are multiple drugs approved that have 
an acceptable risk-benefit profile for the 
treatment of moderate to severe psoriasis. All 
of the approved products have significant risks 
and there is room for both more efficacious 
and potentially safer products for these 
patients.
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Dimension Evidence and Uncertainties Conclusions and Reasons 

≥ 20%) for acitretin and apremilast1. Phototherapy is highly efficacious as well
• Significant safety concerns for the moderately and highly efficacious 

approved products include immunosuppression with the associated 
risk for serious and in some cases opportunistic or unusual infections, 
cytopenias, hepatotoxicity and hypersensitivity events. See Table 1 for 
specifics for each product.

Benefit

• The clinical trials of brodalumab in chronic plaque psoriasis provided 
substantial evidence of effectiveness.  The efficacy of brodalumab 
was evaluated in three pivotal Phase 3 trials (02, 03, and 04); Trials 
03 and 04 included an ustekinumab comparator arm. 

•  The trials enrolled subjects 18 to 75 years of age and older with 
stable moderate to severe plaque psoriasis diagnosed at least 6 
months before the first dose of investigational product.  The 
enrolled subjects had plaque-type psoriasis with Psoriasis Area and 
Severity Index (PASI) score ≥12, static Physician’s Global Assessment 
(sPGA) score of at least 3, and body surface area (BSA) involvement 
≥10% at baseline. Brodalumab-treated subjects received a loading 
dose weekly for the first 2 weeks and Q2W thereafter.

• In all three trials, for the comparison of brodalumab against placebo 
at Week 12, the co-primary endpoints were the proportion of 
subjects achieving PASI 75 response (i.e., ≥75% reduction in PASI 
score) and an sPGA of 0 or 1. Secondary endpoints were PASI 100 
(i.e., 100% reduction in PASI score), sPGA score of 0, and Psoriasis 
Symptom Inventory (PSI) responder (i.e., total score ≤ 8, with no 

The evidence submitted by the applicant to 
support the approval of brodalumab has met 
the statutory evidentiary standard for 
providing substantial evidence of effectiveness 
under the proposed conditions of use. The 
trials were adequate and well-controlled. For 
the induction dose proposed for marketing 
(brodalumab 210 mg at 0, 1, and 2 weeks then 
Q2W) the proportion of responders for a sPGA 
of 0 or 1 were 76%, 79% and 80% and the 
proportion of PASI 75 responders were 83%, 
86% and 85% respectively for trials 02, 03, and 
04.  The improvement seen with treatment 
with brodalumab places this product in the 
“highly efficacious” category and is highly 
clinically meaningful.

1 The efficacy grading system used is for cross study comparison, and is not published. 
2 Henry W. Lim, MD et al. Phototherapy in dermatology: A call for action. JAAD. Vol # 72: 6, June 2015, Pages 1078–1080
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Dimension Evidence and Uncertainties Conclusions and Reasons 

item score > 1) at Week 12.  In Trials 03 and 04, for the comparison 
of brodalumab against ustekinumab at Week 12, the primary 
endpoint was PASI 100 (i.e., sequentially tested the brodalumab 210 
mg vs. ustekinumab, then weight-based brodalumab vs. 
ustekinumab) with secondary endpoints of PASI 100 (brodalumab 
140 mg vs. ustekinumab) and PASI 75 (weight-based brodalumab vs. 
ustekinumab).

• For the comparison against placebo, both brodalumab doses were 
superior to placebo (p<0.001) for the co-primary as well as the 
secondary endpoints in each of the pivotal trials.  For the 
comparison against ustekinumab, brodalumab 210 mg and the 
weight-based dosing of brodalumab were superior to ustekinumab 
(p<0.001) for the primary endpoint of PASI 100 response.

Risk

• The safety database for brodalumab includes all patients from the 
three pivotal Phase 3 clinical trials for psoriasis and supportive data 
form 2 additional clinical trials in rheumatoid arthritis and psoriatic 
arthritis.  The drug exposure is considered less than adequate due to 
the early termination of all clinical trials by the sponsor.

• Brodalumab is an IL-17RA (receptor antagonist) with a mechanism of 
action on other cytokines, effects on neuropsychiatric behavior, and 
cardiovascular atherosclerosis that is unclear.  

• Limited controlled data for uncommon events and truncated long-
term safety trials presents a challenging benefit to risk analysis.  

• In addition to the SIB and MACE safety issues, the drugs affecting 
cytokines in the cascade presents a safety profile of neutropenia, 
increased infections, increase fungal infections, worsening of 

Due to the mechanistic actions of this novel IL-
17 receptor antagonist, theoretical issues 
affecting the safety of this product in central 
nervous system and cardiovascular 
atherosclerosis has been suggested.  Although 
the safety profile is consistent with other 
systemic agents used for the treatment of 
psoriasis, the findings of ambiguous safety 
signal in SIB and MACE presents challenging 
risk/benefit analysis.  
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Dimension Evidence and Uncertainties Conclusions and Reasons 

inflammatory bowel disease, immunosuppression, and 
hypersensitivity events.

Risk 
Management

• The benefits and risk of this product is not balanced.  Safety signals for 
both SIB and MACE limits the use of this drug in an already vulnerable 
population with increased psychiatric co-morbidities and 
cardiovascular risks.

• In addition to the safety signals, the safety profile of biologics have to 
be considered including; increased infections, immune suppression, 
neutropenia, and association with risk for serious opportunistic 
infections.

In this reviewer’s judgment, the risk outweighs 
the benefits provided by this biologic.  The 
safety signal for SIB requires further data to 
remediate the risk in this high co-morbid 
population.  It is recommended that a 
Complete Response (CR) be issued to the 
applicant.  
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3. Updating of the  (in-process testing) to account for the 
differences observed between the . 

4. Inclusion of the reduced and non-reduced CE-SDS methods as part of the DS and DP lot 
release and stability specifications or providing appropriate justifications for their removal. 

5. Providing acceptable process characterization and/or validation data to support the  
step or tightening the ranges to those supported by 

process and  validation studies. 

6. Providing acceptable data to support the  
with respect to brodalumab quality or revising the action limit to reflect historical experience. 

7. Providing the specific strategies that will be used to monitor and control variation in 
brodalumab product quality due to changes in  

. 

8. Updating of the future WCB qualification protocol to include appropriate acceptance criteria 
or removal of the protocol from the BLA. 

9. Tightening of or modification of the proposed potency criterion for qualification of future 
 or removal of these protocols from the BLA. 

10. Providing evidence of successful method validation or transfer of each test method at each 
facility identified as a testing facility or specifying the appropriate test(s) performed at each 
facility in Section 3.2.P.3.1 and Form 356h. 

11. Providing information to justify the use of Ph.Eur./JP L-glutamic acid, rather than USP/NF L-
glutamic acid, as a drug product excipient. 

12. Updating of Sections 3.2.S.7 and 3.2.P.8 with appropriate drug substance and drug product 
expiry periods that are supported by stability data from fully representative lots. 

Dr. Wilson recommends an expiry period of 12 months for brodalumab DP when stored at 2 – 
8oC, protected from light.  Note: Additional data to extend this recommendation may be 
provided. 

Dr. Wilson also recommend an expiry period of  months for brodalumab DS when stored at -
. 
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In cynomolgus monkeys dosed with 0, 10, 25 or 90 mg/kg/dose SC brodalumab weekly for six 
months, mild skin changes and histopathology (MD and HD), increased neutrophil counts (HD) 
and decreased albumin/globulin ratios (MD and HD) were observed. These changes were at 
least partially reversible during the recovery period.  The NOAEL for this study was determined 
to be 90 mg/kg/dose.

Three groups of 16-19 pregnant cynomolgus monkeys were administered weekly SC injections 
of brodalumab (0, 25, 90 mg/kg) from GD 20 to parturition to evaluate potential adverse effects 
of brodalumab on the pregnant female and on development of the infant.  No dam died during 
this study, and no brodalumab-related abnormalities were observed in infants.  However, 
maternal brodalumab treatment was associated with neonatal deaths (25, 90 mg/kg) and 
maternal neglect (90 mg/kg).  Under the experimental conditions, a NOAEL for prenatal and 
postnatal development could not be determined.

Drug Information

CAS Registry Number: 1174395-19-7

Generic Name: brodalumab

Code Name: AMG 827

Chemical Name: anti IL-17RA monoclonal antibody

Molecular Formula/Molecular Weight: 

Biochemical Description: Brodalumab is an IgG2 human monoclonal antibody consisting of 2 
heavy chains and 2 light chains of the kappa subclass. Each heavy chain contains an N-linked 
glycan at a consensus glycosylation site on asparagine 292.  

Pharmacologic Class: IL-17 receptor A antagonist, monoclonal antibody
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Considerations in other cytokine levels: There is no data available to evaluate the impact of 
brodalumab treatment on serum levels of other cytokines in subjects with psoriasis. 
Theoretically, increased serum levels of IL-17A may modulate serum level of other cytokines 
including IL-6. 

Literature reports on the potential role of cytokines in SIB: Immune dysregulation has been 
reported to have implications in psychiatric disorders. The literature was searched to assess the 
biological plausibility of brodalumab causing SIB due to cytokine modulation. The literature 
findings are summarized below:  

− Th17 lymphocytes and IL-17 have been reported to promote blood-brain barrier 
disruption and central nervous system (CNS) inflammation. 3,4 It is postulated that IL-17 
could induce the production of other cytokines including IL-6 in many different cell types 
(e.g., astrocytes). IL-17 and IL-6 are important in CNS disorders characterized by 
neuroinflammation. 5

− In a small study of RA patients, serum IL-17 levels were higher in those with anxiety 
(n=4) than those without (n=14). The authors concluded that IL-17 played a role in 
anxiety and depression in patients with RA. 6

− In a meta-analysis of 22 studies concerning cytokines and suicidal ideation, suicide 
attempts or suicide completion, elevated IL-6 levels were found to be associated with 
suicidal ideation, suicide attempts and completed suicide. 7 However, the authors 
acknowledged several limitations of the meta-analysis and indicated that larger, 
methodologically rigorous studies are needed to draw definitive conclusions regarding the 
association of inflammatory proteins and suicide.

Conclusion: The available clinical data did not show direct evidence for a correlation between 
brodalumab treatment-induced up-regulation of serum IL-17A levels and the SIB events 
observed in brodalumab psoriasis trials. As the molecular bases for SIB are 
unknown/complicated and the SIB events for data analysis are rare, we cannot completely rule 
out that brodalumab has an effect on SIB through cytokine regulation.  

3 Kebir H, Kreymborg K, Ifergan I, Dodelet-Devillers A, Cayrol R, Bernard M, et al. Human TH17 lymphocytes 
promote blood-brain barrier disruption and central nervous system inflammation. Nat Med. 2007;13(10):1173-5.

4 Huppert J, Closhen D, Croxford A, White R, Kulig P, Pietrowski E, et al. Cellular mechanisms of IL-17-induced 
blood-brain barrier disruption. FASEB J. 2010;24(4):1023-34.

5 Ma X, Reynolds SL, Baker BJ, Li X, Benveniste EN, Qin H. IL-17 enhancement of the IL-6 signaling cascade in 
astrocytes. J Immunol. 2010;184(9):4898-906.

6 Liu Y, Ho RC, Mak A. The role of interleukin (IL)-17 in anxiety and depression of patients with rheumatoid arthritis. 
Int J Rheum Dis. 2012;15(2):183-7.

7 Gananca L, Oquendo MA, Tyrka AR, Cisneros-Trujillo S, Mann JJ, Sublette ME. The role of cytokines in the 
pathophysiology of suicidal behavior. Psychoneuroendocrinology. 2016;63:296-310.
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Table 3: Synopsis of Clinical Trials in Safety and Efficacy Population

Trial 
Identity

Trial Design Regimen/ schedule/ 
route

No. of 
patients 
enrolled

Treatment 
Duration/ 
Follow Up

Study 
Endpoints

Study 
Population

20120102 Phase 3, multi-center, double-
blind, randomized, placebo-
controlled with induction, 
withdrawal, retreatment, 
rescue, and open-label 
extension phases

Induction: placebo or 
brodalumab 140 or 210 
mg SC Q2W + week 1 (day 
1 to week 10) [0.5 mL and 
1 mL PFS]
Withdrawal: assigned to 
brodalumab 210 mg SC 
Q2W (weeks 12 to 266)
                or
rerandomized to  placebo 
or brodalumab 140 mg or 
210 mg SC Q2W + week 
13 (weeks 12 to 266 or  
inadequate  response)
Retreatment: 3 doses QW 
of brodalumab 140 or 210 
mg (day 1 to week 2 of 
retreatment) or 
brodalumab 140 or 210 
mg (day 1 and week 2 of 
retreatment) +
placebo + brodalumab 
140 or 210 mg Q2W 
thereafter (through week 
266 or inadequate 
response)
Rescue (through week 
52): brodalumab 210 mg 
SC Q2W
OLE: Brodalumab 140 or
210 mg SC Q2W (weeks 
52 to 266 or inadequate 

661/633

628/415

149/106

36/35

Total:
266 weeks
Primary
analysis:
52 weeks

PASI75, sPGA

BSA, PSSI, SSA, 
NAPSI, PROs

Subjects with 
stable moderate 
to severe plaque 
psoriasis for ≥ 6 
months

Biologic therapy 
candidate BSA 
involvement ≥ 
10% PASI score  
≥12
sPGA ≥ 3

Age 18 to 75 
years
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response) 649 
completed 
week 52 visit 
(558 subjects 
were ongoing 
at data cutoff 
of 12-MAR-
2014

20120103 Phase 3, multi-center, double-
blind, randomized, active 
comparator- and placebo-
controlled with induction, 
withdrawal, retreatment, 
rescue, and open-label 
extension phases

Induction: placebo or 
brodalumab 140 or 210 
mg SC Q2W + week 1 (day 
1 to week 10) [0.5 mL and 
1 mL PFS]
                or
ustekinumab 45 or 90 mg 
SC (day 1 and week 4)
Maintenance: 
brodalumab 140 mg SC 
Q2W, Q4W, or Q8W or 
brodalumab 210 mg SC 
Q2W (weeks 12 to 52 or 
inadequate response)
                or
ustekinumab 45 or 90 mg 
SC Q12W (weeks 16 to 40 
or inadequate response at 
week 16)
Rescue: Brodalumab 210 
mg SC Q2W
                or
ustekinumab 45 or 90 mg 
SC Q12W
OLE: Brodalumab 140 mg 
SC Q2W, Q4W, or Q8W or 
brodalumab 210 mg SC 
Q2W (weeks 52 to 266 or 
inadequate response)

1831/1776

1760/852

833/752

1601
completed 
week 52 visit 

Total:
266 weeks
Primary
analysis:
52 weeks

PASI75, sPGA

BSA, PSSI, SSA, 
NAPSI, PROs

cCSSRs, PHQ-8, 
safety and PK

Subjects with 
stable moderate 
to severe plaque 
psoriasis for ≥ 6 
months

Biologic therapy 
candidate BSA 
involvement ≥ 
10% PASI score  
≥12
sPGA ≥ 3

Age 18 to 75 
years
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Excluding subjects who 
were still on  ustekinumab 
at week 52,
677 subjects enrolled at 
sites in the US and Canada 
switched from ATO IP to 
ARI and 675 subjects 
remained on ATO IP at or 
after week 52

(1533 
subjects were 
ongoing at 
data cutoff of 
22-SEPT-2014

20120104 Phase 3, multi-center, double-
blind, randomized, active 
comparator- and placebo-
controlled with induction, 
withdrawal, retreatment, 
rescue, and open-label 
extension phases

Induction: placebo or 
brodalumab 140 or 210 
mg SC Q2W + week 1 (day 
1 to week 10) [0.5 mL and 
1 mL PFS]
                or
ustekinumab 45 or 90 mg 
SC (day 1 and week 4)
Maintenance: 
brodalumab 140 mg SC 
Q2W, Q4W, or Q8W or 
brodalumab 210 mg SC 
Q2W (weeks 12 to 52 or 
inadequate response)
                or
ustekinumab 45 or 90 mg 
SC Q12W (weeks 16 to 40 
or inadequate response at 
week 16)
Rescue: Brodalumab 210 
mg SC Q2W
                or
ustekinumab 45 or 90 mg 
SC Q12W
OLE: Brodalumab 140 mg 
SC Q2W, Q4W, or Q8W or 
brodalumab 210 mg SC 
Q2W (weeks 52 to 266 or 
inadequate response)

1881/1816

1799/906

827/743

1656
completed 
week 52 visit 
(1597 
subjects were 

Total:
266 weeks
Primary
analysis:
52 weeks

PASI75, sPGA

BSA, PSSI, SSA, 
NAPSI, PROs

cCSSRs, PHQ-8, 
safety and PK

Subjects with 
stable moderate 
to severe plaque 
psoriasis for ≥ 6 
months

Biologic therapy 
candidate BSA 
involvement ≥ 
10% PASI score  
≥12
sPGA ≥ 3

Age 18 to 75 
years
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ongoing at 
data cutoff of 
30-AUG-2014

20090062 Phase 2, multi-center, 
randomized, double-blind, 
placebo-controlled, multiple-
dose

Brodalumab 70, 140, or
210 mg SC Q2W + week 1
(day 1 to week 10)
                or
brodalumab 280 mg SC 
Q4W (day 1 and weeks 4 
and 8) + placebo (weeks 1, 
2, 6, and 10)
                or
placebo Q2W + week 1 
(day 1 to week 10)
[70 mg/mL vial]

198/184

22 weeks Efficacy (PASI, 
sPGA, BSA, 
PROs), safety 
and PK

Subjects with 
stable moderate
to severe plaque 
psoriasis for
≥ 6 mon hs BSA 
involvement 
≥ 10% PASI score 
≥ 12 Received or 
candidate for
photo/systemic 
psoriasis therapy
Age 18 to 70  
years

Source: Adapted from Summary of Clinical studies applicant submission of BLA 761032
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Figure 4: Study Design for 20120103 and 20120104

Eligible subjects were men and women who were ≥ 18 and ≤ 75 years of age at the time of 
screening with stable moderate to severe plaque psoriasis diagnosed ≥ 6 months before first 
dose of investigational product, with involved BSA ≥ 10%, PASI ≥ 12, and sPGA ≥ 3 at screening 
and at baseline.  

Clinical trial 20120102 is of similar design minus the active comparator ustekinumab.  This trial 
design will not be discussed in detail.

Reviewer’s comment: Note the lack of placebo comparator after the 12-week primary endpoint.  
All subjects were transitioned into brodalumab.  The active ustekinumab arm received 
maintenance doses of the active comparator until the 1 year period, and then all were switched 
to brodalumab.

Study Endpoints 

Psoriasis Area and Severity Index (PASI): Calculation of plaque qualities (score 0 to 72), including 
induration, erythema, and desquamation, and the area involved with psoriasis for each body 
location (i.e., head and neck, upper extremities, trunk, and lower extremities).  Higher scores 
indicate more severe and/or extensive psoriasis. PASI 50 Response is a 50% or greater 
improvement from baseline in PASI score, PASI 75 Response is a 75% or greater improvement, 
PASI 90 Response is a 90% or greater improvement, and PASI 100 Response is a 100% 
improvement from baseline in PASI score.
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The clinical study program was carried out in accordance with Good Clinical Practice (GCP), as 
documented by the ICH and the US FDA.

Financial Disclosure

In compliance with 21 CFR Part 54, Amgen forwarded a Certification/Disclosure Form to the 
clinical investigators and sub-investigators who participated in covered clinical studies for 
brodalumab, as described in the protocols.  Prior to study initiation, the investigators were 
requested to certify to the absence of certain financial interests or arrangements or to disclose, 
as required, those financial interests or arrangements as delineated in 21 CFR 54.4(a)(3)(i-iv).  In 
addition, investigators were requested to notify Amgen if there is any change to the 
information given for up to one year after the study ended.  No clinical investigators and/or 
sub-investigators who participated in the studies are full or part-time employees of Amgen.

Patient Disposition

The following discussion will be on the pooled safety population with focus on the pivotal and 
supportive controlled studies making up the bulk of the safety and efficacy data.  

Figure 5: Summary of Efficacy and Safety Studies
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Figure 6: Subject disposition for Induction (12-week Controlled)

Source: ISS Table 14-1.1.1

Figure 7: Subject disposition for long-term maintenance (first 52 weeks)

Source: ISS Table 14-1.1.5
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Figure 8: Subject disposition through data cut off

Source: ISS Table 14-1.1.8

Reviewer’s comments: Several things to note about the design of the clinical trials 102/103/104 
in regard to disposition of subjects; 1. Placebo subjects completing the induction phase (12-
weeks) are switched to brodalumab. 2. Ustekinumab subjects in the open-label long-term 
extension phase (52-weeks) all switched to brodalumab. 3. Few subjects completed the entire 
trial on placebo or ustekinumab, generally due to discontinuations. The majority of subjects 
were in the 210 mg Q2W arm.  

Table of Demographic Characteristics

Baseline demographics and baseline physical characteristics were generally similar across 
treatment and dose groups.  Disease characteristics were also equal among treatment arms.  
The majority of the subjects were male, in their 45-64 years of life, and 15% had some 
depression at baseline.  

Reviewer’s comment: The fact that a majority of subjects were male, between the ages of 45-
64, with 15% previous depression was an important point in consideration of the suicide signal 
discovered in these clinical trials. 
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Table 4: Baseline demographics and characteristics – Safety Analysis 

n (%) Brodalumab
n = 3066

Placebo
n = 879

Ustekinumab 
n = 613

Sex
Male 2124 (69) 607 (69) 417 (68)

Age
Mean years (SD) 44.8 (13) 44.6 (13) 45.1 (13)
< 40 years 1111 (36) 347 (39) 220 (36)
45-64 years 1763 (58) 476 (54) 351 (57)
≥ 65 years 192 (6) 56 (6) 42 (7)

Race
White 2775 (90.9) 799 (90.9) 551 (89.9)
Black or African 
American 85 (2.8) 29 (3.3) 20 (3.3)

Asian 116 (3.8) 29 (3.3) 24 (3.9)
American Indian 
or Alaska Native 16 (0.5) 2 (0.2) 1 (2.6)

Native Hawaiian 
or Other Pacific 
Islander

18 (0.6) 3 (0.3) 1 (0.2)

Other1 52 (1.7) 15 (1.7) 15 92.4)
Psoriatic Arthritis

YES 654 (21.3) 180 (20.5) 114 (18.6)
Psoriasis Duration 
(years)

N 3065 879 613
Mean 18.4 18.5 18.5
SD 12.1 12.0 12.2

Previous biologic 
Usage 874 (29) 266 (30) 160 (26)

Psychiatric 
Disorders 538 (18) 150 (17) 121 (20)

Depression 430 (14) 117 (13) 98 (16)
Source: Reviewer adapted table, ISS
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Table 5: Summary of Primary and Secondary Endpoints in Trials 02, 03, and 04

Comparison against placebo Comparison against ustekinumab
Trials 02, 03, 04 Endpoint Trials 03 and 04 (2)

PASI 75
sPGA 0 or 1 210 mg vs. placebo 210 mg vs. ustekinumab

PASI 75Pr
im

ar
y

sPGA 0 or 1 140 mg vs. placebo
PASI 100

Weight-based (1) vs. ustekinumab

PASI 100
sPGA of 0 210 mg vs. placebo PASI 100 140 mg vs. ustekinumab

PASI 100
sPGA of 0 140 mg vs. placebo PASI 75 Weight-based(1)  vs. ustekinumab

210 mg vs. placebo

K
ey

 
se

co
nd

ar
y

PSI(3) 
responder 140 mg vs. placebo

Source: reviewer table
(1) Weight-based: Brodalumab 140 mg for subjects ≤100 kg; brodalumab 210 mg  for subjects >100 kg; 
(2) For Trials 03 and 04, the allocation of α for the comparison with ustekinumab was 0.04, and for the comparison with 

placebo, α=0.01. 
(3) Psoriasis Symptom Inventory. PSI responder was defined as total score ≤ 8, with no item score > 1 at Week 12.

According to the applicant, ustekinumab was chosen as the active control in Trials 03 and 04 
because it was the most efficacious available treatment at the time of study design and was 
predicted to be the most commonly used treatment option at the time of approval. The 
applicant stated that ustekinumab was sourced from the U.S. and dosed according to the 
dosing recommendations provided in the US and European Union labeling.  With the 
ustekinumab arm in Trials 03 and 04, the applicant conducted an additional family of 
hypothesis testing (i.e., brodalumab vs. ustekinumab) in addition to the hypothesis testing of 
brodalumab vs. placebo, and prespecified a significance level of 0.01 and 0.04 for the 
comparisons against placebo, and against ustekinumab, respectively.

For all trials, both brodalumab doses were superior to placebo (p<0.001) for the co-primary 
(PASI 75 and sPGA of 0 or 1 at Week 12) as well as the secondary endpoints (PASI 100, sPGA of 
0, and Psoriasis Symptom Inventory (PSI) responder at Week 12). For the comparison of 
brodalumab against ustekinumab, brodalumab 210 mg as well as the weight-based brodalumab 
(210 mg for subjects >100 kg, and 140 mg for subjects ≤100 kg) dose were superior to 
ustekinumab (p<0.001) for the primary endpoint of PASI 100 at Week 12; however, the efficacy 
analysis for comparing brodalumab 140 mg against ustekinumab was not statistically significant 
(p=0.078) for PASI 100 at Week 12 in Trial 03.
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Figure 12: Week 12 Efficacy: Exposure-Response

Source: Summary of Clinical Pharmacology Review

The pharmacokinetic data suggest that the higher the serum concentration of brodalumab, the 
better the efficacy.

Figure 13: Week 52 Efficacy Results: sPGA (0,1)

Source: Clinical Pharmacology Review
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Figure 15: Success on the sPGA(1)and PASI 75 response for the Induction Period of Trial 03

Figure 16: Success on the sPGA(1)and PASI 75 response for the Induction Period of Trial 04
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Trials 03 and 04 evaluated maintenance of sPGA success at Week 52 and conducted pairwise 
sequential hypothesis test; however, the maintenance endpoint was not a part of the 
multiplicity testing strategy. In an advice letter dated 6/6/2012, the Agency stated that there 
was no agreement on a labeling claim for the proposed maintenance endpoint, and that the 
goal of assessment of maintenance regimen should be to identify the regimen with a favorable 
efficacy and safety profile. Further, the Agency stated that the pairwise sequential hypothesis 
test comparisons between selected maintenance regimens may have limited utility for 
identifying the appropriate regimen. Subjects with sPGA of 0 or 1 response at Week 52 was 
higher among those subjects that received the brodalumab 210 mg Q2W than those that 
received the lower doses of brodalumab (i.e., 140 mg Q2W; 140 mg Q4W; 140 mg Q8W). Table 
7 presents the proportion of Week 12 sPGA responders (i.e., scoring sPGA of 0 or 1) who 
maintained sPGA responders at Week 52.  Among those subjects that were sPGA responders at 
Week 12, the proportion of subjects that maintained their responder status was highest in 
those that received brodalumab 210 mg dose (79%). 

Table 7: Maintenance of sPGA Response(1) at Week 52 for Trials 03 and 04

Trial Endpoint Brodalumab 
210 mg Q2W

Brodalumab
140 mg Q2W

Brodalumab 
140 mg Q4W

Brodalumab
140 mg Q8W

03 sPGA 0 or 1 184/233 
(79%)

135/234
(58%)

28/240
(12%)

7/123
(6%)

04 sPGA 0 or 1 190/242 
(79%)

143/254
(56%)

48/244
(20%)

9/132
(7%)

Source: Applicant’s analysis.  (1) sPGA of 0 or 1. The applicant defined  non-responder as having a single sPGA =3 or persistent sPGA of at least 
for at least 4 weeks on or after Week 16.  This reviewer considered non-responder for those that do not meet the success criteria of sPGA of 0 or 
1 at Week 52.

Trial 02 included a randomized withdrawal period following the 12-week induction period, and 
sPGA responders (sPGA of 0 or 1) at Week 12 were randomized in a 1:1 to either continue the 
brodalumab dose that they received in the induction period or placebo. Subjects that continued 
to receive brodalumab dose had higher sPGA 0 or 1 response rates at Week 52 compared to 
those that were re-randomized to placebo. The sPGA of 0 or 1 response at Week 52 among 
those subjects that were sPGA responders at Week 12 are summarized in Table 8 below.

Table 8: Success on the sPGA(1)  at Week 52 for Trials 02 during the Randomized 
Withdrawal

Induction Dose Brodalumab 
210 mg Q2W

Brodalumab 
140 mg Q2W

Randomized Withdrawal Brodalumab 
210 mg Q2W Placebo Brodalumab 

140 mg Q4W Placebo

Trial 02 sPGA 0 or 1 69/83
(83%)

0/84
(0%)

40/57
(70%)

3/59
(5%)

Source: Reviewer’s analysis. (1) sPGA of 0 or 1.
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The table and figure below present descriptive comparisons of PASI 75, PGA, and PASI 100 
response rates for the biologic products available on the U.S. market for treatment of 
moderate to severe adult psoriasis.  Note that ixekizumab and secukinumab are IL17A 
antibodies directed at IL-17 cytokines.  The mechanism of action for brodalumab is distinct in 
that it binds to certain IL-17 receptors rather than cytokines.  

Reviewer Comment: The effectiveness for brodalumab is similar in class for the IL-17A ligand 
binding products recently approved by the Agency for the treatment of plaque psoriasis 
(ixekizumab and secukinumab), see table 9.  The applicant included an active comparator in the 
clinical trials 03 and 04 for the endpoint of PASI 100 (completely clear skin).  Although this is not 
required for approval of the product, the comparative advantage is clear against ustekinumab.  
The applicant also pre-specified the endpoint for PASI 100 in the clinical trials.  The only other 
pre-specified PASI 100 endpoint in the clinical trials is for ixekizumab.  The comparison can be 
seen in Figure 20.  No other biologic product has a direct head-to-head comparison in a clinical 
trial setting.

The rationale for cross study comparison of efficacy is to show that other biologic products have 
similar efficacy of response to that of this new product.  Physicians and patients have choices for 
recalcitrant disease when a single agent has failed.
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Table 9: Comparative Response Rates for Psoriasis Biologics

Etanercept 
(Enbrel®)

Infliximab
(Remicade®)

Adalimumab
(Humira®)

Ustekinumab
(Stelara®)

Ixekizumab
(Taltz®)

Secukinumab
(Cosentyx®)a

Brodalumab
(Siliq®)

PASI 75 47% 79% 72% 72% 89% 78% 85%
PGA 0/1 51% 83% 63% 68% 82% 63% 79%
PASI 100 NA NA NA NA 37% NA 41%

Source: Clinical Review of Data from PI.
a Secukinumab only included PASI 90 (56%)

Figure 20: Bar Graph of Efficacy Results for Psoriasis Biologic Products

Source: Reviewer’s figure. The primary efficacy analysis timepoint for Remicade and Humira was Week 10 and 16, respectively; for others, the 
primary timepoint was Week 12. The descriptors for the Physician Global Assessment (PGA) scale varied across the products. 
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Table 10: Numbers of Subjects Receiving brodalumab and Duration of Cumulative Exposure 
through end of study – Psoriasis Subset

Source: Applicant’s 120-day safety update submission.
N= subjects in studies 20090062, 20120102, 20120103, 20120104 with ≥ 1 dose brodalumab

Due to the design of the clinical trials, most subjects were exposed to the 210 mg Q2W 
brodalumab at some point.  For subjects ever exposed to brodalumab 210 mg, 3135 subjects 
were exposed to brodalumab 210 mg for ≥12 months and 3515 subjects were exposed to 
brodalumab (any dose) for ≥12 months.  A total of 3741 (91%) subjects were exposed to 210 mg 
≥3 months and 3135 (76%) were exposed to 210 mg ≥12 months. Given the cumulative 
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Table 13: Exposure-adjusted rates of Serious Adverse Events in the All-Brodalumab group 
from first dose through 120-day safety update end of study—Psoriasis Subset

Brodalumab
Subjects With Brodalumab Exposure 

Only

Preferred Term

210 mg 
Q2W after 

ustekinumab 
(subj-

yr=715.2)
(N= 567)

n (r)

Overall 
Variable 
Dosing
(Subj-yr 
=4948.8)
(N= 2337)

n (r)

Overall 140 
mg Q2W
(Subj-yr= 

448.4)
(N=256)

n (r)

Overall 210 
mg Q2W 
(Subj-yr= 
2542.6)

(N= 1304)
n (r)

All
(Subj-

yr=8655.0)
(N= 4464)

n (r)
All treatment-emergent serious adverse 
events 49 (6.9) 341 (6.9) 43 (9.6) 206 (8.1) 639 (7.4)

Cardiovascular Event (All) 1 (0.1) 37 (0.8) 2 (0.4) 15 (0.5) 55 (0.9)
Myocardial Infarction 0 16 (0.3) 1 (0.2) 6 (0.2) 23 (0.3)
Acute myocardial infarction 0 4 (0.1) 0 2 (0.1) 6 (0.1)
Angina unstable 0 3 (0.1) 1 (0.2) 2 (0.1) 6 (0.1)
Angina pectoris 0 5 (0.1) 0 0 5 (0.1)
Atrial fibrillation 1 (0.1) 3 (0.1) 0 1 (0.0) 5 (0.1)
Cardiac failure congestive 0 2 (0.0) 0 3 (0.1) 5 (0.1)
syncope 0 4 (0.1) 0 1 (0.0) 5 (0.1)
Cerebrovascular (All) 0 9 (0.2) 0 2 (0.1) 11 (0.2)
Cerebrovascular Accident 0 4 (0.1) 0 2 (0.1) 6 (0.1)
Ischemic stoke 0 5 (0.1) 0 0 5 (0.1)
SIB (All) 4 (0.6) 12 (0.3) 4 (0.9) 10 (0.4) 30 (0.3)
Suicide attempt 2 (0.3) 2 (0.0) 0 3 (0.1) 7 (0.1)
Suicidal ideation 0 6 (0.1) 0 6 (0.2) 12 (0.1)
Depression 2 (0.3) 4 (0.1) 4 (0.9) 1 (0.0) 11 (0.1)
Infections (All) 1 (0.1) 30 (0.6) 2 (0.4) 15 (0.6) 48 (0.7)
Pneumonia 0 5 (0.1) 1 (0.2) 4 (0.2) 10 (0.1)
Appendicitis 0 5 (0.1) 0 3 (0.1) 8 (0.1)
Cellulitis 1 (0.1) 7 (0.1) 0 5 (0.2) 13 (0.2)
Osteoarthritis 0 5 (0.1) 1 (0.2) 0 6 (0.1)
UTI 0 4 (0.1) 0 2 (0.1) 6 (0.1)
Cholecystitis 0 4 (0.1) 0 1 (0.0) 5 (0.1)
Others
COPD 2 (0.3) 3 (0.1) 0 4 (0.2) 9 (0.1)
Nephrolithiasis 0 7 (0.1) 1 (0.2) 0 8 (0.1)
Cholelithiasis 1 (0.1) 5 (0.1) 0 4 (0.2) 10 (0.1)
Road traffic accident 0 2 (0.0) 0 3 (0.1) 5 (0.1)
Source: Reviewer analysis of safety data from 120-day safety update. MedDRA version 18.1
N= subjects in study 062/102/103/104
Multiple occurrences of the same event for a subject are counted as multiple events.

For all Serious AEs, there were no imbalances at Week 12 between brodalumab, ustekinumab, 
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non-hematopoietic cells.

In the induction phase (12 weeks) of the clinical trials, incidence rates for AEs due to 
neutropenia were highest in the brodalumab 210 mg Q2W dose group (1.0%) compared with 
the brodalumab 140 mg Q2W (0.7%), ustekinumab (0.8%), and placebo (0.5%).  The most 
frequent event was neutropenia (0.7% in 210 mg Q2W and 0% in placebo).  Only one event of 
aplastic anemia was reported and in a placebo subjects.  Most subjects had absolute neutrophil 
count (ANC) of grade 0 (CTCAE version 4.03) throughout the double-blind treatment period.  A 
dose-dependent decrease in absolute neutrophil count (ANC) were observed in subjects with 
normal ANC at baseline (6.8% in the brodalumab 210 mg Q2W group, 4.7% in the brodalumab 
140 mg Q2W group, 3.3% in the ustekinumab group, and 3.6% in the placebo group).

During the induction period (12 weeks):

• Post baseline ANC decreases of grade 4 (<0.5 x 109/L) were reported for 2 subjects in the 
140 mg Q2W group and 1 subject in the ustekinumab group.  None of the grade 4 
events were temporally associated with infections.

• Post baseline ANC decreases of grade 3 (<1.0 x 109/L to 0.5 x 109/L) were reported for 10 
brodalumab subjects (0.3%), including 7 subjects in the 210 mg Q2W group and 3 
subjects in the 140 mg Q2W group, compared with 0 placebo or ustekinumab subjects.  
Of these, 2 subjects in the 210 mg Q2W group and 2 subjects in the 140 mg Q2W group 
discontinued investigational product due to the event.  

Through the maintenance phase (52 weeks), the exposure-adjusted events rates (per 100 
subject-years) for neutropenia were similar across all-brodalumab arm and ustekinumab arm.  
No unbalance was seen through the data cutoff for neutropenia, neutrophil count decrease, or 
abnormal white cell count.  Grade 3 or 4 decreases in ANC were observed in 0.4% of subjects in 
the all-brodalumab group.  Most were transient and were not temporally associated with 
serious infections. 

During the maintenance period (up to 52 weeks):

• Decreases in ANC of grade 4 were reported for 4 brodalumab subjects (0.1%) compared 
with 1 ustekinumab subject (0.2%).

• Post baseline ANC decreases of grade 3 were reported for 0.4% of brodalumab subjects 
and 0.2% of ustekinumab subjects.  The incidences of grade 3 decreases in ANC were 
similar across brodalumab dose groups. Two subjects discontinued investigational 
product due to grade 3 decreased absolute neutrophil counts.  None of the grade 3 or 4 
ANC decreases were associated with a serious infection.
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Through week 52 and through the data cutoff, there were 0.1% of brodalumab subjects with a 
grade 4 decrease, including 3 subjects with variable dosing and 1 subject who received 140 mg 
Q2W.  Two subjects discontinued investigational product due to grade 3 decreases in ANC.  

Reviewer’s comment: Neutropenia was observed in a small number of subjects and was not 
dose dependent.  None of the reduction in ANC observed was associated with a serious 
infection.  

Infections and Infestations

The Th17/interleukin (IL)-17 axis plays an important role in host defense against infectious 
pathogens and is particularly focused on immunity against extracellular pathogens and fungi.  
Observations in humans with genetic defects affecting the Th17 pathway and in individuals who 
have genetic defects in IL-17 signaling suggest that blockade of IL-17 increases the risk for 
fungal infections, particularly mucocutaneous candidiasis, as well as staphylococcal skin 
infections.  The observed exposure-adjusted event rate of AEs in the Infections and Infestations 
SOC was 89.6 events per 100 subject-years for the all brodalumab group.  

The most frequent events (≥4.0 events per 100 subject-years) in the all-brodalumab group were 
nasopharyngitis (17.5) and upper respiratory tract infection (14.9).  

Table 16: Adverse Events in the Infections and Infestations SOC occurring ≥1% of subjects in 
the All-brodalumab group during the initial double-blind period – Psoriasis subset

System Organ Class Placebo
(N=879)

n (%)

Ustekinumab
(N=613)

n (%)

Brodalumab ALL
140mg/210mg 

(N=3066)
n (%)

Infections and infestations SOC 206 (23.4) 153 (25.4) 780 (25.4)
Grade ≥2 146 (16.6) 123 (20.1) 587 (19.1)
Grade ≥3 3 (0.3) 3 (0.5) 19 (0.6)
Grade ≥4 0 0 1 (<0.1)
Nasopharyngitis 61 (6.9) 34 (5.5) 209 (6.8)
Upper respiratory tract infection 56 (6.4) 63 (5.9) 163 (5.3)
Pharyngitis 9 (1.0) 5 (0.8) 39 (1.3)
UTI 8 (0.9) 10 (1.6) 33 (1.1)
Influenza 4 (0.5) 7 (1.1) 32 (1.0)
Bronchitis 12 (1.4) 7 (1.1) 31 (1.0)

Source: Table 14-6.49.1 and 14-6.48.1, ISS
N= studies 062/102/103/104
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Events were coded using CTCAE version 4.3 and MedDRA version 17.1

Overall, through week 52, no meaningful increase in events in the Infections and Infestations 
SOC was observed in subjects who received brodalumab compared with subjects who received 
ustekinumab.  Most events were of grade 1 or 2 in severity. Individual grade ≥3 events reported 
for subjects in the all-brodalumab and ustekinumab groups occurred at an exposure-adjusted 
event rate (per 100 subject-years) of ≤0.2, with the exception of cellulitis (0.4 all-brodalumab, 
0.2 ustekinumab) and tooth infection (< 0.1 all-brodalumab, 0.4 ustekinumab).  Events of grade 
4 severity were single occurrences reported for 1 subject each: furuncle (Subject 10435012017; 
brodalumab 210 mg Q2W constant dose), appendicitis (Subject 10248001038; brodalumab 140 
mg Q2W/210 mg Q2W group), sepsis (Subject 10466025006; brodalumab 210 mg Q2W/140 mg 
Q2W/210 mg Q2W), cholecystitis infective (Subject 10466090013; brodalumab 210 mg Q2W 
constant dose), and septic shock (Subject 96216004002; brodalumab 210 mg Q2W).  

Table 17: Adverse Events in Infections and Infestations SOC with exposure-adjusted rates ≥4 
per 100 subject-years for all brodalumab group (52 weeks) –Psoriasis subset

Through the data cutoff, the exposure-adjusted event rate of AEs in the Infections and 
Infestations SOC was 101.7 events per 100 subject-years for the all-brodalumab group. 
The most frequent events (≥4.0 events per 100 subject-years) in the all-brodalumab group were 
nasopharyngitis, upper respiratory tract infection, and sinusitis.
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For serious adverse events in the infections and infestations SOC, the incidence rates through 
week 12 was 0.5% for brodalumab 210 mg Q2W, 0.5% brodalumab 140 mg Q2W, 0.3% for 
ustekinumab, and 0.2% for placebo.

In the maintenance phase of the clinical trials (52 weeks), the exposure-adjusted event rates 
(per 100 subject-years) of serious AEs in the Infections and Infestations SOC were similarly low 
(1.3 all-brodalumab, 1.0 ustekinumab).  Within the all-brodalumab group, exposure adjusted 
event rates were similar across the different dose groups.  The most common serious infection 
AEs were cellulitis for the all-brodalumab group and cellulitis, diverticulitis, perichondritis, tick-
borne viral encephalitis, and tubo-ovarian abscess for ustekinumab group.  Appendicitis, urinary 
tract infection, diverticulitis, gastroenteritis, pneumonia, pyelonephritis acute, and sepsis  
ccurred at a rate of 0.1 per 100 subject-years in the all-brodalumab group; with the exception 
of diverticulitis, these events were not reported for subjects in the ustekinumab group.

Two subjects reported a serious opportunistic infection:
• Grade 3: Cryptococcal meningitis in a 39-year old white male.  
• Grade 2: Coccidiodomycosis in a 52-year old white male.

The subjects described were also the serious fungal infections that were reported through the 
52-week period.  

Reviewer’s comment: IL-17 signaling is postulated to play a role in protection against other 
fungi, but while administration of an IL-17A neutralizing antibody blunted pulmonary fungal 
clearance and inflammatory cell recruitment, it did not promote progressive infection.  Based on 
the few serious cases of fungal infections, a causal association seems unlikely but cannot be 
ruled out.

Subjects with Grade 4 serious infections:
• Appendicitis in a 41-year old white man.
• Sepsis with respiratory failure in a 46-year old white male; suspected narcotic overdose.
• Cholecystitis in a 39-year old white woman.
• Furuncle in a 29-year old white male.
• Septic shock in a 25-year old white woman who developed streptococcal necrotizing 

faciitis complicated by sepsis.

All subjects with grade 4 serious infections received brodalumab 210 mg Q2W.  

Candida infections were the most frequently reported fungal infections and were mostly grade 
1 or 2 in severity; 1 grade 3 each of oral candidiasis and candida infection was reported.  Onset 
of candida typically occurred after ≥90 days of treatment and approximately 25% of all subjects 
who had candida infections had more than 1 event of candida. One event of esophageal 
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candidiasis led to discontinuation of investigational product and study in a 58 year old woman 
(Subject 10366059031); no other candida infection led to study discontinuation.

Exposure-infection relationship did not seem to be evident from the data presented.  For the 
maintenance period, there was no clear trend of increasing AE rate with increasing brodalumab 
concentrations for the category of serious infections, candida infections, or viral infections.  
Although the causation association may be there, the data does not provide a clear 
relationship.

Reviewer’s comment: Based on biologic plausibility, a higher rate of events in the brodalumab 
treatment groups compared with placebo and ustekinumab, and a dose-response trend within 
brodalumab groups, infections are proposed as an important identified risk. Candida infections 
and tinea pedis, specifically, are considered ADRs. Language has been proposed in the warnings 
and precautions section of the label to communicate the potential for this risk.

The Division requested Agency epidemiology (DEPI-I) review of the clinical trial data across 
biologics for a comparison of the rates of serious infections.  This is done to assist in 
determination of regulatory action as well as labeling.   Increased susceptibility to infections is 
regarded as a class effect of psoriasis biologics due to their immunosuppressant effects, and is a 
labeled risk for all such products. In 12-week placebo controlled trials, and 52-week 
ustekinumab controlled trials, comparisons of serious infection rates between brodalumab and 
controls involve very sparse data for the comparison groups, and are not informative. 
Comparing serious infection rates among brodalumab-treated psoriasis patients to those seen 
with other biologics, brodalumab’ s rate of 1.2 serious infections per 100 person-years of 
exposure was not an outlier, and was very close to the rate reported in the sponsor’s 
systematic review (also 1.2 per 100 person-years). There were no cases of active tuberculosis 
reported in brodalumab trials, but to the extent that prospective subjects were screened for 
active/latent tuberculosis, the absence of cases in brodalumab trials should not be interpreted 
as evidence that brodalumab does not share this risk as seen with other psoriasis biologics. 
Apremilast had the second lowest rate of serious infections among psoriasis products. It may in 
fact be regarded as a “negative control” since it is not primarily an immunosuppressant and has 
no labeling regarding infection risk. The fact that it did not separate more clearly from the other 
products in this comparison illustrates the limitations of the analysis. First, use of external or 
historical comparisons is generally not as valid as internal controls. Data from different 
development programs may be subject to heterogeneity in patient characteristics, follow-up 
methods, and ascertainment of infections. The results reflect only a crude pooling of data 
across trials and products, rather than a patient or trial level meta-analysis, and do not take into 
account potential differences in confounders across programs. 

The DEPI-I review summarized that the rate of serious infections observed with brodalumab 
treatment was similar to rates for the other psoriasis biologics. However, a causal relationship 
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of brodalumab therapy to infection risk may be presumed, as a property shared with other 
immunosuppressive therapies for psoriasis.

Table 18: Rates of Serious Infections with Exposure to Specific Products in Psoriasis Trials

Product Patient
N

Exposure 
PY

Serious 
infections 
N

Active 
TB 
N

Fatal 
infections 
N

Serious 
infections/
100 PY

Active TB/
100 PY

Brodalumab
(with 120 Day 
Safety Update)

4,464 9174 109 n/a 0 1.19 n/a

Adalimumab 
(1)

1,468 4,069 53 6 0 1.30 0.15

Apremilast (2) 1,184 1,422 13 0 0 0.91 0
Briakinumab 
(3)

2,520 4,704 41 n/a 0 0.87 n/a

Etanercept (4) 1,160 2,052 26 0 0 1.27 0
Infliximab (5) 1,654     1260 23* 2 1 1.83 0.16
Ixekizumab (6) 4,209 6,480 87 n/a 0 1.34 n/a
Secukinumab 
(7)

3,430 2,725 40 0 0** 1.47 0

Ustekinumab 
(8)

3,117 6,791 75 0 3 1.10 0

Summary data across products are subject to heterogeneity in patient characteristics, follow-up 
methods, & ascertainment of events.  *Numerator is number of patients, not number of infections. 
DEPI assumes for other products the numerators is number of infections. **A death from 
disseminated aspergillosis occurred a year post-treatment. Data sources: (1) Clinical Study Report 
MO3-658; (2) 4msu; (3) Langley et al. JEADV 2013, 27, 1252–1261; (4) Integrated Summary of Safety 
for Long-Term Exposure, 12-13-2006; (5) SCS; (6) 4msu and SCS; (7) SCS; (8) SCS Year 4 Update         
PY patient-years, 4msu 4 month safety update, SCS Summary of Clinical Safety

Crohn’s Disease

Brodalumab was evaluated in 2 studies of subjects with Crohn’s disease, both of which were 
terminated early due to lack of efficacy, and safety concerns related to worsening of disease. 
Because worsening of Crohn’s disease in subjects with a history or active Crohn’s disease is an 
important identified risk for brodalumab, subjects with a known history of Crohn’s disease were 
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pose a risk to subject safety or interfere with study evaluation, procedures, or 
completion.

o Subject has evidence of severe depression based on a total score ≥10 on the 
Patient Health Questionnaire-8 (PHQ-8) at screening or baseline.

The electronic CSSRS will be administered at every visit to identify at-risk subjects (defined as 
subjects with suicidal ideation severity categories 4 or 5 or any suicidal behavior), who will have 
investigational product permanently discontinued and will immediately be referred to a mental 
health professional.

The PHQ-8 will be administered at every visit to identify at-risk subjects with severe depression 
(defined as a total score ≥10), who will have investigational product permanently discontinued 
and will be immediately referred to a mental health professional.

• The sponsor will provide a summary report every 6 months regarding depression, 
suicidal ideation, and behavior using expanded search methodology outlined in the 
submission.

• The sponsor also agreed that the brodalumab clinical trials independent Data 
Monitoring Committee will provide paper progress reports to the Agency directly.

• The sponsor will perform a quantitative analysis of suicide signals, including analyses of 
specific and related events in comparison to the control groups, including absolute (%) 
and exposure-based (person-time) comparisons.

On May 13, 2015, after the initial pre-submission meeting, the Agency met with Amgen to 
discuss the safety signals of completed suicides and SIB observed in the clinical development 
program for brodalumab.  A recommendation was made to the sponsor to further evaluate this 
risk and be prepared to comprehensively address this safety concern at the time of BLA 
submission.  On May 29, 2015, Amgen announced they were no longer co-developing 
brodalumab and initiated a plan for early termination of all ongoing clinical trials across all 
indications.  On November 16, 2016, AstraZeneca submitted BLA 761032 for the treatment of 
moderate to severe plaque psoriasis in adult patients who are candidates for systemic therapy 
or phototherapy.  During the review of the product application, AstraZeneca informed the 
Agency that it transferred all rights and ownership to Valeant Pharmaceuticals North America 
LLC.  

Once the application was submitted under the BLA, The Division of Dermatology and Dental 
Products reviewing this application sought consultation from the various specialties in the 
Agency to help review the SIB signal.  

The Division of Dermatology and Dental Product requested the Division of Biostatistics – VII 
(DB7) to analyze the data submitted for the SIB.  Analyses were undertaken to evaluate the 
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incidence of and risk factors for SIB in the brodalumab development program. 

In all brodalumab programs, a total of six completed suicides occurred, of which one was 
adjudicated as indeterminate. Four completed suicides were adjudicated in the psoriasis (PsO) 
program, one in rheumatoid arthritis (RA) and one in psoriatic arthritis (PsA) programs.  The 
four subjects in the psoriasis program were males (39M, 56M, 56M, and 58M).  The subject in 
the PsA program was a 57 year-old male and the subject in the RA program was a 36 year-old 
female.  All suicides occurred in subjects exposed to brodalumab. It should be noted that by the 
design of the programs, the exposure time of brodalumab was much greater than that of the 
active control and placebo.

DB7 analyzed suicidal ideation and behavior (SIB) using the 120-day safety update dataset.  The 
flow chart (Figure 9) illustrates the number and proportion of subjects who experienced at least 
one SIB event in the program for PsO and in programs for other indications such as PsA, RA, 
Crohn’s disease and asthma.  In total, 44 of 6781 subjects experienced SIB.  Among brodalumab 
users, we identified 40 SIBs, including 35 SIBs in PsO trials, 3 in the PsA trial and 2 in the RA trial.

Figure 21: Distribution of suicidal ideation and behavior in All-brodalumab trials

Source: DB7 reviewer analysis
CS: completed suicide; PsA: psoriatic arthritis; RA: rheumatoid arthritis

The safety population for this SIB analysis included subjects from four PsO trials: one Phase 2 
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trial, and three Phase 3 trials. Table 16 summarizes selected baseline demographics and 
characteristics by original treatment assignment.

Table 20: Baseline demographic of the safety population

n (%) Brodalumab
n = 3066

Placebo
n = 879

Ustekinumab
n = 613

Male 2124 (69) 607 (69) 417 (68)

Age (years)    

Mean (SD) 44.8 (13) 44.6 (13) 45.1 (13)

< 40 1111 (36) 347 (39) 220 (36)

45-64 1763 (58) 476 (54) 351 (57)

>= 65 192 (6) 56 (6) 42 (7)

Country (US) 1335 (44) 381 (43) 280 (46)

Previous biologic usage 874 (29) 266 (30) 160 (26)

Psoriatic Arthritis 654 (21) 180 (21) 114 (19)

Psychiatric disorders 538 (18) 150 (17) 121 (20)

Depression* 430 (14) 117 (13) 98 (16)

Suicidality

Yes 81 (3) 18 (2) 26 (4)

Unknown 409 (13) 90 (10) 80 (13)

No 2576 (84) 771 (88) 507 (83)
* Depression was determined by medical history of depression and usage of antidepressant at baseline
Source: DB7 Reviewer’s analysis

We estimated the number (%) of subjects who experienced an SIB and the follow-up time-
adjusted incidence rate in the psoriasis (PsO) safety population by study phase: induction phase 
(first 12 weeks), active-controlled phase (first 52 weeks), and from randomization to end of 
follow-up. Because the PsO program was not designed, and consequently not powered, to 
compare the treatment arms with respect to SIB events, we did not conduct statistical testing.  
During the induction phase, 1 subject experienced an SIB event in the brodalumab arm (n = 
3066) and none in the comparator arms (placebo: n = 879; ustekinumab: n = 613).  Note that 
the exposure time in this phase was not long enough to observe events or compare incidence 
of SIB among brodalumab and the comparator arms. 

At the end of the induction period, the majority of placebo subjects and some ustekinumab 
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subjects received brodalumab.  During the active-controlled phase, seven SIB events occurred 
in the brodalumab arm, and three SIB events in the ustekinumab arm.  The incidence of SIB 
among subjects exposed to brodalumab (including subjects who switched to brodalumab after 
receiving ustekinumab) was 0.17% (95% CI: 0.07–0.36), and the follow-up time adjusted 
incidence rate was 0.20 events per 100 subject-years (95% CI: 0.08–0.41).

Table 21: Number (%) and follow-up time adjusted incidence rates of SIB events during the 
active-controlled phase (first 52 weeks) of PsO trials

SIB Brodalumab
n = 3902

Brod after Ustek
n = 124

Ustekinumab
n = 613

Placebo
n = 43

Number (%) 7 (0.18) 0 3 (0.49) 0
Follow-up time 3472.5 80.4 504.1 0
Incidence rate* 0.2 0 0.6 0

Brodalumab + Brodalumab after Ustekinumab
n = 4026

Number (%; 95% 
CI) 7 (0.17; 0.07–0.36)

Follow-up time 3552.9
Incidence rate* 
(95% CI) 0.2 (0.08–0.41)
*per 100 subjects years

Table 18 presents the number (%) of subjects with SIB events and follow-up time adjusted 
incidence rates from randomization to end of follow-up.  In total, 35 SIB events occurred in the 
brodalumab arm (0.78%; 95% CI: 0.63–1.25) and the follow-up time adjusted incidence rate was 
0.38 per 100 subject-years (95% CI: 0.27–0.53).

Table 22: SIB incidence and time-adjusted rates in PsO trials from Day 1 to end-of-follow-up

SIB Brodalumab
n = 3897

Brod after Ustek
n = 567

Ustekinumab
n = 49

Placebo
n = 45

Number (%) 28 (0.72) 7 (1.23) 2 (4.08) 0
Follow-up time 8395.8 778.1 23.1 0
Incidence rate* 0.33 0.9 8.66 0

Brodalumab + Brodalumab after Ustekinumab
n = 4464 

Number (%; 95% 
CI) 35 (0.78; 0.63–1.25)

Follow-up time 9173.9
Incidence rate* 0.38 (0.27–0.53)
*per 100 subjects years
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We conducted a subgroup analysis to estimate the incidence rate of SIB events among 
brodalumab users by the baseline depression status and suicidality status (Table 19).

Baseline depression was determined by medical history of depression and usage of 
antidepressants.  Brodalumab users with a history of depression had an approximately seven-
fold increase in SIB incidence rate than users without a history. 

Because suicidality assessment was implemented following the initiation of the Phase 3 
psoriasis trials, baseline suicidality was determined by CSSRS, and through an additional “since 
the study start questionnaire.” The sponsor defined suicidality as unknown if the subject had a 
positive eCSSRS response (i.e., suicidal ideation [score of 4 to 5] and/or behavior) from the 
“lifetime questionnaire” and a positive score from the “since study start questionnaire” but did 
not have a medical history of suicidality.  Because of the ambiguity of this category, we 
categorized subjects in the following three ways: original category (yes, no, unknown), treat 
unknown as yes, and treat unknown as no.  Brodalumab users with a history of suicidality had 
an approximately 12–18 fold increase in SIB incidence rate than users without a history.

Table 23: SIB incidence rate by baseline depression or suicidality

Subgroups 
No. of brodalumab users

(subject-years)
N = 4464

No. of SIB
(%)

Incidence rate
per 100 subject-years

Depression
Yes 633 (1201) 18 (3) 1.5
No 3831 (7973) 17 (0) 0.21
Ratio of Yes/No 7.1

Suicidality
Original categories

Yes 122 (253) 9 (7) 3.56
No 3835 (8539) 17 (0) 0.2
Unknown 507 (382) 9 (2) 2.36
Ratio of Yes/No 17.8

Unknown as Yes
Yes 629 (635) 18 (3) 2.83
No 3835 (8539) 17 (0) 0.2
Ratio of Yes/No 14.2

Unknown as No
Yes 122 (253) 9 (7) 3.56
No 4342 (8921) 26 (1) 0.29
Ratio of Yes/No 12.3

Source: DB7 analysis
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The eCSSRS was instituted more than mid-way through the Phase 3 clinical trials after discovery 
of the suicidality signal.  Table 24 evaluates the first initiation of the eCSSRS and the PHQ-8 
tools.  The table identified when the eCSSRS was initiated and how many subjects received the 
assessment in each Phase 3 clinical trial.  Only study 103 and 104 had subjects that were 
screened with the assessment tools.  The majority of the subjects in study 102 were past week-
52 by the time the tools were implemented.

Table 24: Study Week of first eCSSRS Assessment - March 2015 Data Cutoff -
Integrated Safety Analysis Set - Phase 3 Psoriasis Subset

Study 102
(N=536)
n (%)

Study 103
(N=1549)

n (%)

Study 104
(N=1598)

n (%)
Week 28 to <40 0 19 (1.2) 1 (0.1)
Week 40 to <52 0 264 (17.0) 272 (17.0)
Week 52 to <64 0 417 (26.9) 490 (30.7)
Week 64 to <76 76 (14.2) 290 (18.7) 344 (21.5)
Week 76 to <88 260 (48.5) 348 (22.5) 321 (20.1)

Week 88 to <100 189 (35.3) 192 (12.4) 156 (9.8)
Week 100 to <112 11 (2.1) 17 (1.1) 11 (0.7)
Week 112 to <124 0 2 (0.1) 2 (0.1)
Week 124 to <136 0 0 1 (0.1)

N= subjects in studies 102/103/104 with ≥ 1 dose of investigation product and ≥ 1 on-study C-SSRS assessment
Assessments that were inactivated by the site due to entry error were excluded from the analysis
N=number of subjects with first C-SSRS assessment at specified study weeks
%=n/N*100

Using the most severe on-study eCSSRS response in the Phase 3 clinical trials, an evaluation of 
the severity of response was reviewed.  Table 25 represents a comparison of study 103 and 104 
and the severe eCSSRS responses.  The analysis reveals that higher numbers of brodalumab 
subjects had some suicidal ideation or behavior during the study with equal baseline suicidality 
at the beginning of the study.  Although this analysis is limited, it does illustrate that some 
mechanism is in action for the neuropsychiatric response subjects on brodalumab is 
experiencing.
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Table 25: eC-SSRS Response through Week 52 - Integrated Safety Analysis Set - Psoriasis 
Subset trial 103 and 104

Source: DB7 review of data submitted
*All subjects included in placebo and brodalumab arm and ustekinumab to brodalumab arm during the first 52 weeks in 
addition to brodalumab arm and ustekinumab arm

Reviewer’s comment: The limited duration of the placebo-controlled portion of the trial did not 
provide an adequate comparison between the arms to make any observations.  In the extended 
phase of the active open-label portion of the clinical trials, brodalumab users with a history of 
suicidality had an approximately 18-fold increase in Sib incidence than users without a history.  
In this reviewer’s opinion, a safety signal exists for completed suicides.  

Using JReview (data analysis tool), this reviewer was able to replicate patient profiles for the 4 
completed suicides in the psoriasis program.  
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Figure 22: Patient Profile 4001

This first subject is a 56 year-old Asian male who the coroner determined the death as a suicide.  
Later adjudication showed that this was an indeterminate suicide.  The subject’s wife stated 
that he had financial problems and was a drug addict.  He was found in his truck after overdose 
on narcotics.  
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Figure 23: Patient Profile 5019

The second subject who completed suicide in study 102 is presented here.  This subject was on 
placebo for the first 12-weeks of the control period and switched to brodalumab 210 mg during 
the maintenance period.  The red line represents the primary endpoint of PASI-75.  The subject 
had very good response once switched to brodalumab.  The purple line illustrates the HADS 
(Hospital Anxiety and Depression Scale); as the subject improved his psoriasis, the anxiety scale 
dropped.  
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Figure 24: Patient Profile 6003

This subject received the CSSRS and PHQ-8 during the maintenance phase of study 103.  The 
subject experienced a significant improvement in psoriasis symptoms with brodalumab 210 mg 
dosing Q2W for an extended period.  He had several negative screening with the implemented 
CSSRS and PHQ-8, and then completed suicide by jumping off the roof of his apartment 
building.  
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Figure 25: Patient Profile 6017

This subject was a 39 year-old male with previous use of adalimumab prior to screening.  He 
was randomized to placebo for 12-week induction and then to brodalumab 210 mg.  He 
completed suicide 140 days into treatment with last dose on .  No prior medical or 
psychiatric history was recorded.

The Division also sought an evaluation from our Agency epidemiologists.  Two reviews of the 
safety signal SIB were conducted by the Division of Pharmacovigilance (DPV) and the Division of 
Epidemiology – I (DEPI-I).  

DPV Review—Robert Levin, MD
Psoriasis and Psychiatric Morbidity

Psychiatric and psychological factors play an important role in at least 30% of dermatological 
disorders.9  Patients with psoriasis have a particularly high rate of psychiatric morbidity, 
including depression, anxiety, suicidal ideation and suicidal behavior, substance use disorders, 
and other psychiatric disorders. Furthermore, the prevalence of mood symptoms in psoriasis is 
higher than that observed in many other disfiguring skin disorders.10  Various authors estimate 
that the background rate of psychiatric disorders in the psoriasis population ranges from 30% to 
45%. One study that performed formal psychiatric assessments in psoriasis patients 

9 Gupta MA, Gupta AK. Psychiatric and Psychological Co-Morbidity in Patients with Dermatologic Disorders, 
Epidemiology and Management. Am J Clin Dermatol. 2003;4(12):  833-842
10 Connor CJ et al. Exploring the Physiological Link between Psoriasis and Mood Disorders. Dermatology Research 
and Practice.2015;2015: 409637
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demonstrated that 45% of patients met criteria for at least one psychiatric disorder based on 
diagnostic criteria from the Diagnostic and Statistical Manual of Mental Disorders.11  In this 
study, the rates of specific psychiatric disorders were as follows: Dysthymia (29%), Major 
Depression (15%), Alcohol Use disorders (7%), and Generalized Anxiety Disorder (5%). All of 
these disorders constitute risk factors for suicide. In this study population, 13% had current 
suicidality. In the literature, the reported rate of suicidal ideation and behavior in psoriasis 
patients ranges from 7% to 21%, based on a wide variety of assessment types. One large U.K. 
cohort study of psoriasis patients using the General Practice Research Database (GPRD) 
estimated that the hazard ratios for depression, anxiety, and suicidal ideation and behavior 
were 1.39, 1.31, and 1.44, respectively, compared with a control group.12 

While all of these studies and assessments have various strengths, limitations, and 
methodological concerns, substantial literature documents that psoriasis patients have an 
extremely high background rate of psychiatric illness, psychological distress, and substantially 
impaired quality of life1. Authors note that the severity of these symptoms and impairment 
correlates with patients’ reported impact of the dermatologic condition on their quality of life 
related to disfigurement, social anxiety, body image, and self-esteem, rather than objective 
measures of disease severity. In addition, biological aspects of psoriasis may contribute to 
mood disorders and other psychiatric disorders associated with psoriasis; these include chronic 
inflammation, as well as alterations in the hypothalamic-pituitary-adrenal axis and sympathetic 
nervous system.13

Neuropsychiatric Adverse Events in the Psoriasis Studies
We analyzed all neuropsychiatric adverse event data from the 12-week, placebo-controlled 
phases of the brodalumab psoriasis studies, as well as the maintenance and long-term, open-
label phases of the studies. The placebo-controlled and ustekinumab-controlled phases 
included Phase 3 Trials 02, 03, and \04 and Phase 2 Trial 62. Of note, the brodalumab psoriasis 
studies did not exclude patients with a history of psychiatric disorders or substance use 
disorders. Ascertainment of the presence of such disorders was based on subject report; there 
were no formal diagnostic psychiatric assessments. Thus, it is possible that such disorders were 
under-reported or unrecognized. 

In the controlled phases, few psychiatric adverse events were reported, as illustrated in the 
table below. 

11 Singh SM et al. Psychiatric Morbidity in Patients with Psoriasis. Cutis. 2016; Feb;97(2):     107-12
12 Kurd et al. The Risk of Depression, Anxiety, and Suicidality in Patients with Psoriasis: a population-based cohort 
study. Arch Dermatol. 2010 Aug;146(8): 891-5.
13 Connor CJ et al. Exploring the Physiological Link between Psoriasis and Mood Disorders. Dermatology Research 
and Practice.2015;2015: 409637
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Table 26: Reported Psychiatric Event in the Placebo-controlled Phases of Brodalumab Studies

Source: DPV reviewer analysis of submitted data

Drugs that cause central nervous system or psychiatric adverse reactions tend to be associated 
with a wide spectrum of neurological, cognitive, psychiatric, and behavioral adverse reactions, 
rather than a single type of CNS adverse event such as suicidality. In addition, such agents are 
typically associated with a cluster of such reactions within individuals. For example, drugs 
associated with an increased risk of suicidality (antidepressants and antiepileptics) also increase 
the risk of a variety of neurological, cognitive, and psychiatric symptoms. There are other 
examples of agents associated with a spectrum of CNS reactions. Such a pattern was not 
evident in the brodalumab studies. There were no apparent significant differences between 
treatment groups, and there was no clear indication that these were drug-related adverse 
reactions in the controlled or uncontrolled studies. Furthermore, very few subjects had more 
than one neuropsychiatric event. However, the data from the controlled phases largely derived 
from spontaneous reports rather than from prospective, focused assessments of psychiatric 
symptoms including suicidality; thus, such events were likely to have been under-reported. 

Reference ID: 3977109



Clinical Review
Gary T Chiang MD, MPH
BLA 761032
SILIQ® (Brodalumab)

CDER Clinical Review Template 2015 Edition 94
Version date: November 5, 2015 for initial rollout (NME/original BLA reviews)

Although there were prospective suicidality assessments during most of the open-label 
extension studies, there were no prospective assessments of other psychiatric symptoms.

Generally, the majorities of neuropsychiatric adverse events reported in the brodalumab 
studies were isolated, mild or moderate, transient, and did not result in psychiatric treatment 
or discontinuation. Furthermore, the vast majority of such events occurred in subjects with a 
current or past history of psychiatric disorders and treatment. These conditions included 
depression, anxiety, bipolar disorder, schizophrenia, and substance use disorders. However, 
there were events that led to psychiatric treatment or discontinuation from the studies, and 
there were some relevant events reported in individuals without an apparent psychiatric 
history. Most of the events in the extension phases were captured by the eC-SSRS suicidality 
queries. Two neurological adverse events (headache and paresthesia) appeared to be drug-
related in the controlled phases. Headache was more common in the brodalumab group 
compared to the placebo and ustekinumab groups (26%, 17%, and 18%, respectively). 
Paresthesia was more common in the brodalumab and ustekinumab groups than in the placebo 
group (2.9%, 2.9%, and 0.5%, respectively).

Prospective Assessments of Depression and Anxiety Symptoms in Controlled Phase
One of the controlled Phase 3 psoriasis trials, Study 02, included a systematic, prospective 
assessment of depression and anxiety symptoms. This was performed using the Hospital 
Anxiety-Depression Scale (HADS). The sponsor performed an analysis in the subset of subjects 
who exhibited moderate or severe symptoms at the study baseline assessment. As summarized 
in table 13 below, subjects in the brodalumab group had higher degrees of improvement in 
depression and anxiety symptoms compared to the placebo group. 

Reference ID: 3977109





Clinical Review
Gary T Chiang MD, MPH
BLA 761032
SILIQ® (Brodalumab)

CDER Clinical Review Template 2015 Edition 96
Version date: November 5, 2015 for initial rollout (NME/original BLA reviews)

the subject intended suicide; the death was possibly secondary to an unintentional heroin 
overdose.
The completed suicide cases are summarized below:

1. This subject was a 58-year-old Caucasian male from Poland, who participated in a 
psoriasis trial. He also had a diagnosis of psoriatic arthritis. The subject completed 
suicide by hanging, 329 days after beginning treatment with brodalumab, and 58 days 
after his last dose of brodalumab. The subject had no known psychiatric history. On 
several occasions, he had stated to the investigator that he had ongoing financial 
distress and debts. There were no reported warning signs before the suicide.

2. This subject was a 56-year-old Asian American male participating in a psoriasis study. 
This case was adjudicated to be indeterminate regarding suicidal intent. The medical 
examiner concluded that the case was a suicide, but the investigator and the subject’s 
wife concluded that this was an unintentional heroin and alcohol overdose. The subject 
had a history of depression and anxiety treated with citalopram and alprazolam, and he 
appeared to have a history of alcohol use disorder; however, the information was 
unclear regarding the alcohol use history. He was found dead in his vehicle 97 days after 
his first dose of brodalumab and 14 days after the last dose. Toxicology results indicated 
that the subject had ingested heroin; alcohol, alprazolam, and citalopram were also 
present.

3. This subject was a 39-year-old Caucasian male from the US who participated in a 
psoriasis study. The subject’s mother reported the suicide; the method of suicide is 
unknown. The subject completed suicide 140 days after first dose of brodalumab and 27 
days after the last dose. He had no known psychiatric history. On the last study visit, the 
subject disclosed to the investigator that he had considerable legal problems and would 
likely be incarcerated soon. The subject had no other psychiatric adverse events during 
the study.

4. This subject was a 56-year-old Caucasian male from the US who participated in a 
psoriasis study. He completed suicide by jumping from the roof of his apartment 
building 845 days after his first dose of brodalumab and 19 days after the last dose. He 
had reported that he recently moved to a new apartment and felt stressed and isolated. 
He had a history of depression and anxiety, and he was treated with trazodone. During 
the study, the subject reported one brief episode of mild depression. Of note, this 
subject was screened with the PHQ-8 and eC-SSRS with negative results prior to 
completing suicide.

5. This subject was a 57-year-old Caucasian male from the US who participated in an open-
label study for psoriatic arthritis. He completed suicide with a gun after 2 years and 7 
months of brodalumab treatment. The subject had no known psychiatric history. During 
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the study, he reported a brief episode of decreased energy. Retrospectively, the 
investigator obtained information about the subject’s marital difficulties and 
complicated social situation. 

6. This subject was a 36-year-old Caucasian female enrolled in a US rheumatoid arthritis 
study. The subject had no apparent psychiatric history. She completed suicide by 
hanging 4 months after starting treatment with brodalumab. The subject had reported 
to the investigator that she had been experiencing considerable emotional distress 
related to reproductive and financial issues. The family reported that there were no 
warning signs that the subject was planning suicide or had depressive or other 
symptoms.

DPV Conclusions and Recommendations
We have uncertainty about whether the signal for completed suicide is a risk related to 
brodalumab treatment. From the available data, we cannot conclude whether or not suicide is 
a drug-related risk. These populations have a highly elevated risk of psychiatric disorders and 
symptoms, including SIB. The controlled data do not suggest that neuropsychiatric adverse 
events are drug-related; however, the controlled phases were relatively short, and there was 
limited ability to ascertain relevant events. On the other hand, depression and anxiety 
symptoms improved in a subset of the study population treated with brodalumab who had 
significant depression or anxiety symptoms at baseline. The pattern of neuropsychiatric events 
reported in the uncontrolled phases was similar to that in the controlled phase, with the 
exception of completed suicide. Information about the cases of completed suicides was quite 
limited, and it is extremely challenging to assess the potential relationship between 
brodalumab treatment and the completed suicides. 

DPV Recommendations:

1. Consider approving the brodalumab application for the treatment of psoriasis and 
clearly describe in labeling the potential risk of suicide, the relevant study results, and 
emphasize that this is not currently an established drug-related risk.

2. Consider approving brodalumab only as second-line treatment, for patients with an 
inadequate response to other biologic treatments for psoriasis.

3. Because suicide is a potential risk related to treatment with brodalumab, we could 
consider potential risk mitigation strategies (Please see review section by Division of 
Risk Management for a discussion of risk mitigations strategies).  DPV postulates the use 
of a prospective, directed assessment of suicidal ideation and suicidal behavior (e.g., the 
Columbia-Suicide Severity Rating Scale) during treatment with brodalumab could 
possibly partially mitigate the risk of SIB including completed suicide. One could assess 
patients for the presence of SIB at a specific point in time, to assess their current level of 
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risk, which could inform management of such patients. However, the use of such an 
assessment would probably not prevent all suicides; some patients can acutely develop 
SIB even after a recent negative screen, and there can be false negative assessments, 
depending on factors related to the patient or rater. Regardless as to whether SIB are 
related to brodalumab use, such an assessment tool would not be fully effective or 
reliable in preventing SIB including completed suicide.

4. Would not recommend excluding patients with a history of psychiatric disorders from 
brodalumab treatment, because it has not been established that there is a drug-related 
risk of SIB related to brodalumab, and a high proportion of patients with psoriasis have 
psychiatric disorders. 

Reviewer’s comment: A clear relationship could not be established with neuropsychiatric 
overtones that usually accompany suicidality.  It is not clear that this suicidal signal is due to 
impulsivity with drug related effects.  Ascertainment of impulse behaviors and neuropsychiatric 
adverse events that lead to completed suicides in this any drug program may be difficult to 
accomplish. 

DEPI Review—Andrew Mosholder, MD
The Division of Epidemiology I (DEPI-I) was asked to compare the data on SIB in brodalumab 
clinical trials to data on SIB events observed in development programs for other psoriasis 
biologics. To do so, available data on suicides, suicide attempts, and suicidal ideation in clinical 
trials were extracted from submissions of recent psoriasis products. However, limitations to this 
approach should be noted. First, use of external or historical comparisons is not optimal, 
though it may be necessary when internal controls are insufficient, as was the case here 
because the data were too sparse. Data from different development programs may be subject 
to heterogeneity in patient characteristics, follow-up methods, and ascertainment of suicidal 
adverse events. Only crude pooling of data across trials and products was possible given the 
availability of data and time constraints, rather than a patient or trial level meta-analysis. Also, 
safety data specific to psoriasis subjects was not available for all products. 
Results of the DEPI-I analysis are shown in the table. Amgen’s consultants, Exponent, Inc., 
prepared a systematic review of psoriasis biologics trials, using publicly available sources; their 
results are shown in the last row of the table, and were consistent with the DEPI-I review. The 
suicide rate in brodalumab trials was 3-4 times higher than in trials of other biologics for 
psoriasis.14 The proportion of all deaths that were due to suicide in brodalumab clinical trials 
(19%) was roughly twice the proportion in psoriasis trials of other biologics (9%, per the 
Exponent, Inc. systematic review of biologics for psoriasis, including psoriasis with psoriatic 
arthritis). As a thought experiment, if we consider the suicide rate from Exponent’s systematic 
review of Phase 3/4 biologic psoriasis trials the expected rate, brodalumab was associated with 

14 For some products, clinical trial data for other indications were included, as shown in the table of individual products that 
follows.
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a 3-fold higher than expected suicide rate (58 suicides/100,000 patient years vs 19 
suicides/100,000 patient years), equivalent to roughly one excess suicide per every 2600 
person-years of use.
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Table 28: Comparative Completed Suicides 

Dataset N Exposure 
Patient -

years

Completed 
suicides, N

Suicides/100,000 
Patient-Years 

(95% CI)
Brodalumab, all trials 6,243 10,438 6 58 (21-125)
Brodalumab, psoriasis trials 4,464 9162 4 44 (12-112)
DEPI-I review of other psoriasis 
biologics submissions*

18,613 27,612 4 14 (4-37)

Amgen's systematic review of 
psoriasis biologics, Phase 3-4 trials

n/a 21,062 4 19 (5-49)

*A publication by the manufacturer of ustekinumab reported an additional 2,207 patient-years of exposure with 1 additional 
suicide, which if added to the totals from the submissions gives a rate of 17 per 100,000 patient-years (95% CI 5-39). 

Details of the clinical trial rates of SIB with individual psoriasis products are shown in the table 
below. 
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Table 29: Rates of Suicide across all Psoriasis biologics
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The DEPI-I review concluded:
1. Meaningful comparisons of brodalumab SIB rates to placebo or active controls are not 

available from the brodalumab development program, because of the short duration of 
exposure to those comparators, and the relative infrequency of SIB events. 

2. Comparisons to development programs for other psoriasis products, biologics and one small 
molecule, indicate an inordinate number of completed suicides in brodalumab clinical trials.

3. The incidence of suicidal behavior and ideation appears to have been underestimated prior 
to use of the eCSSRS. Rates per 100 person-years of suicidal ideation and any suicidal 
behavior prior to eCSSRS monitoring were 0.06 and 0.11, and with eCSSRS monitoring were 
0.59 and 0.20, respectively.  

4. Subjects with a past psychiatric history for depression or SIB had a much higher rate of SIB. 
In the sponsor’s analysis, patients with, versus without, a past history of depression had 
rates of SIB per 100 person-years of 1.40 and 0.21, respectively; for patients with versus 
without a past history of suicidality, the rates were 2.30 and 0.12. However only 2 of the 6 
subjects who committed suicide had a positive psychiatric history.

5. Though the eCSSRS improved ascertainment of SIB, the data are not adequate to determine 
whether the eCSSRS reduced the rate of attempted or completed suicide. Two subjects 
committed suicide shortly after a negative eCSSRS. 

6. There does not appear to be a good rationale for separating data on SIB in psoriasis trials 
from SIB data in other indications. 

7. Data on psychiatric adverse events other than SIB do not suggest a relationship to 
brodalumab, but detection of adverse mental effects in the trials was probably limited.

Existing pharmacovigilance and pharmacoepidemiology methods will not be adequate to assess 
the risk of SIB with brodalumab in the post-marketing environment. FAERS data would be 
difficult to interpret because of under-reporting of SIB events, and the expected baseline rate 
of events given the comorbidity of depression with psoriasis. A pharmacoepidemiology study 
would also be difficult; a recent systematic review highlighted the challenges of studying suicide 
and suicide attempts in health care claims data settings.15

DEPI-I Recommendations: Although a causal relationship of SIB to brodalumab use is uncertain, 
to the extent there is currently “insufficient information about the drug to determine whether 
the product is safe for use,” a Complete Response per 21 CFR 314.125(b)(4) could be 
considered.  
As noted above, in brodalumab trials, subjects with a past psychiatric history for depression or 

15 . Walkup JT, Townsend L, Crystal S. and Olfson M. A systematic review of validated methods for identifying 
suicide or suicidal ideation using administrative or claims data. Pharmacoepidemiol Drug Saf, 2012; 21(S1): 174–
182
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SIB had substantially higher rates of SIB. Accordingly, if brodalumab is approved, restricting its 
use to patients without a relevant past psychiatric history would reduce the number of SIB 
events among brodalumab users, regardless of the extent to which those SIB events are 
causally related; screening by a mental health professional at baseline could be considered. 
Judging from the experience in the brodalumab clinical trials, clinical monitoring of users with 
the eCSSRS would greatly improve the chances of detecting SIB, so that patients could be 
directed to obtain treatment and discontinue brodalumab. A Risk Evaluation and Mitigation 
Strategy (REMS) could be considered to help implement these practices.  Labeling and a 
Medication Guide, as proposed by the sponsor, would help communicate this issue to 
prescribers and patients. Finally, no post marketing observational data collection would be 
recommended at this time, given the limitations of such data for suicidal outcomes. 

Table 30: Rates of Suicide Behavior across IL17 Products

N Exposed 
PY

Completed 
suicides

 N

Suicide 
Behaviors/Attempts

N

Suicides+Attempts/ 
100,000 PY

Ideation/ 
100,000PY

Adjudicated 
w/ C-CASA?

Brodalumab 
All trials 6243 10438 6 18 229.9 229.9 No

Ixekizumab 4209 6480 0 9 140 0 Yes
Secukinumab
PsO, PsA 3928 3225 0 1 31 31 Yes

Source: Adapted from Agency DEPI-I review

Reviewer’s comment: The data does not conclusively reveal a direct relationship between SIB 
and brodalumab; however, the rates of completed suicides are convincing on its own.  This 
reviewer acknowledges the limitations to definitive conclusions regarding the safety signal 
across trial and products.  The conclusions and recommendation of DPV and DEPI will be 
considered for final regulatory decision.

Psychiatry Consult Review—Jean Kim, MD

DDDP had requested consultation with Division of Psychiatry Products (DPP) in March 2014 to 
seek advice regarding psychiatric adverse events in Phase 3 trials after several reports of 
suicidal ideation or behavior (SIB) were reported to the Agency.  The consultative review was 
completed by Cara Alfaro, Pharm.D., in July 2014 and recommended safety changes such as 
administration of the Columbia Suicide Severity Rating Scale (C-SSRS), cutoff scores for the 
Patient Health Questionnaire-8 (PHQ-8) or Beck Depression Inventory (BDI) for both study entry 
and for safety monitoring during the study, additional exclusion criteria to screen out severe SIB 
cases, and a quantitative analysis of the comparative SIB signal between treatment and control 
groups.  The sponsor agreed to add the C-SSRS to monitor for SIB (which changed some of the 
exclusion criteria mid-study, in May 2014); the recommendations were communicated to them 
in meetings before DPP’s review was finalized.  There was also a blinded, independent 
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adjudication of all potential SIB events identified from a list of MedDRA terms, with subsequent 
classification using the Columbia-Classification Algorithm for Suicide Assessment (C-CASA). 

The DPP was consulted again by DDDP to review the data from the BLA submission, and to 
provide input on safety concerns about psychiatric adverse effects associated with brodalumab, 
such as suicidal ideation and behavior, and to clarify whether these events are a primary drug 
effect or reflect the background occurrence of these events in a patient population that has 
higher rates of depression and suicidal ideation and behavior. 

The review is primarily of the three global pivotal, Phase 3 placebo-controlled clinical trials (02, 
3, and 04).  

These trials all began with a 12-week placebo-controlled induction phase that will be the focus 
of this review.  Subsequent to that phase of each study, patients were re-randomized to drug, 
placebo, or active control, rendering cross-treatment comparisons unreliable primarily because 
of loss of the randomized character of the treatment groups beyond the initial 12 weeks.

Table 31 enumerates the number of patients in the safety samples for the induction phase in 
each of the three trials.

Table 31: Enumeration of Patients in the Induction Phase of the Phase 3 Trials

Study Placebo Brodalumab  
140mg q2wks

Brodalumab  
210mg q2wks

Ustekinumab

2012-0102 220 219 222 0
2012-0103 309 607 612 300
2012-0104 313 626 622 313

TOTAL 842 1452 1456 613

Discontinuation rates during the induction phase for each treatment group for all three studies 
were low (less than 6% in Study 2012-0102 and less than 5% in the other two trials).

Subjects with moderate to severe psoriasis, who had known comorbid psychiatric conditions 
such as depression, substance abuse, or prior suicidal behavior, were NOT initially excluded 
from the Phase 3 brodalumab trials.  Basically, there were no psychiatric exclusion criteria in 
the Phase 3 initial study protocols.  Some assessment of past psychiatric history (reported by 
subject or presence of psychiatric medication) was done at baseline screening visit as part of 
routine medical history, and if present was recorded in subjects’ baseline medical history. 

After concerns were raised in a February 2014 sponsor letter about a possible SIB signal, and 
after subsequent FDA discussion and recommendations, the electronic C-SSRS16 and PHQ-817 
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were added via protocol amendment in May 2014 to monitor subjects for suicidality and 
depression respectively. (See specific criteria below.) Subjects in the studies who were 
subsequently flagged by the revised screening scales were discontinued and referred to mental 
health professionals.  

The eCSSRS and PHQ-8 were used to monitor psychiatric safety in their subjects starting in May 
2014 (midway through these trials).  These ratings were not performed during the induction 
phases of the three Phase 3 trials.

In addition to the tools described above, the Hospital Anxiety and Depression Scale (HADS) a 
14-item scale, to which the patient responds with a self-rating of 0-3 on 7 symptoms of 
depression and 7 symptoms of anxiety, was included to monitor subjects’ psychiatric symptoms 
during one study’s induction phase: it was collected at baseline and Week 12 in Study 20120102 
only and in a small number of subjects. 

After implementation of the eC-SSRS and PHQ-8, all subjects were re-consented to inform them 
of the potential risk of SIB and required to take these self-rated scales.  Neither was 
implemented during the 12-week induction phase for any Phase 3 trials since that phase ended 
for all subjects by late 2013.  The adverse events during that period were retroactively 
identified and adjudicated for classification via the Columbia Classification Algorithm of Suicide 
Assessment (C-CASA), as discussed in Sections D and E.

Any positive score on the CSSRS (any report of SIB) triggered discontinuation from the study 
and a mental health referral.  Any PHQ-8 score 10 or greater triggered mental health referral 
and 15 or greater triggered study discontinuation. 

Primary analysis was to occur at week 12 and at withdrawal endpoints up until week 52 (which 
went on up until August 2014 for some subjects).  Interim analyses were planned (to include 
the CSSRS and PHQ-8) after 80% of subjects reached week 132 in the study, and after all 
subjects completed week 266, as well as annual safety analyses until the study was closed.

After May 22, 2015, all the brodalumab clinical trials were stopped by Amgen and subjects did 
not continue to take the study drug past late June 2015.  AstraZeneca subsequently took over 

16 The eCSSRS is a standardized and validated instrument developed for the assessment of the severity and 
frequency of suicidal ideation and behavior (Mundt et al, 2010; Posner et al, 2011). Subjects respond to 
standardized clinical questions that are presented in a uniform fashion. The eCSSRS defines five subtypes of 
suicidal ideation and of behavior in addition to self-injurious behavior with no suicidal intent. The eCSSRS takes 
approximately 3 to 10 minutes to complete.
17 The PHQ-8 is a validated and widely used eight-item version of the Patient Health Questionnaire depression 
scale designed to clinically assess patients for symptoms and signs of depression (Kroenke and Spitzer, 2002; 
Kroenke et al, 2009). The PHQ-8 takes approximately 3 minutes to complete.
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the drug’s development, and they have continued follow-up safety analyses and scale 
screening.  The 4-Month Safety Update was submitted in March 2016 with data through 
November 2015.   

SIB Event Identification

The safety dataset included SIB 33 events in 28 different subjects.  The difference from my 
findings is explained by 2 subjects with events classified by the sponsor as non-treatment-
emergent events and thus excluded from their ADSIB dataset.  In both cases, it is not clear to 
me that the exclusion of these patients was justified.  Thus, I have included them in rate 
calculations. 

Incidence of Induction Phase SIB Events

During the initial 12-week induction period only, my review noted 2 subjects with SIB events:  1 
subject on brodalumab and 1 subject on ustekinumab.  No one on placebo had any SIB events 
during that 12-week period.  Incidence rates are not adjusted for exposure because dropout 
rates for both treatment groups during the induction phases were very low. 

Table 32: 12-Week Induction Phase Suicidal Events/Subjects

Subjects Events
Brodalumab 1 2
Ustekinumab 1* 2*
Placebo 0 0
*excluded by sponsor as non-treatment related, but included here

Table 33: Incidence based on the 12-week Induction Phase

Event Subjects/Total Subjects Percentage
Brodalumab 1/2908 0.03%
Ustekinumab 1/613 0.16%
Placebo 0/842 0.00%

Using  a 2-tailed Fisher’s exact test, the differences between the SIB rates for brodalumab 
versus placebo and brodalumab versus ustekinumab  were not statistically significant at an 
alpha level of 0.05 (p-values of 0.22 and 0.32, respectively). 
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Incidence of Post-Induction Phase SIB Events

For the rest of the 52-week study period and extension phases, it is difficult to infer drug 
causality to SIB events because of the re-randomization that occurred at the start of this phase, 
which resulted in loss of the original randomized properties of the treatment groups. Therefore, 
I did not compute incidence or perform a comparative analysis of SIB rates.  

There were 9 events that occurred during the rest of the 52-week period (1 was by the same 
individual who had 2 events in the induction phase of trial 03).  Three of these events were on 
ustekinumab and 6 were on brodalumab. 

Table 34: Week 13 to Week 52 Suicidal Events/Subjects

Subjects Events
Brodalumab 6 * 6 *
Ustekinumab 3 3
Placebo n/a n/a

*1 subject same as subject in Induction Phase

There were 21 more events by 18 subjects that occurred during an open-label follow-up 
extension phase during which all subjects received brodalumab (there was no placebo or active 
control arm). This phase was intended to continue for 5 years total but ended May 22, 2015.  
(There was 1 additional event by trial 03 that the sponsor considered non-treatment-related. I 
will include this subject here.) This includes the data through March 2015.

Table 35: Follow-Up Extension Phase (2013-2014 through March 2015)

Subjects Events
Brodalumab 18* 21*

*1 subject excluded by sponsor but included here

There were 4 completed suicides overall, 2 occurring during the 52-week study (not during the 
induction period) and 2 during the open-label extension phase. All had been treated with 
brodalumab. (There have reportedly been 2 other suicides in the other brodalumab trials for 
psoriatic/rheumatoid arthritis.) 

In addition, there was a 4-Month Safety Update Report sent by the sponsor in March 2016 
which covered new adverse events for several months after the last ADAE dataset cut off in late 
March 2015. The safety data cutoff for this update was November 2015. Upon review, this set 
included 7 new SIB events all occurring April to July 2015 among subjects in post-induction 
phase of the Phase 3 trials (There was also 1 new SIB event from someone in another open-
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label study). 4 had suicidal ideation and 4 had suicide attempts; none were completed suicides, 
all had been actively exposed to brodalumab during the extension phase.  (One had not taken 
brodalumab since 3 months prior though.)

The CSSRS and PHQ-8 were routinely implemented midway through the Brodalumab study 
program as per FDA recommendation in late May 2014.  To identify SIB events that occurred 
prior to this, the sponsor retroactively conducted a search of relevant MedDRA terms which 
were adjudicated for classification according to the C-CASA with a cutoff date of November 
2014. 

The implementation of these monitoring tools seems to have identified more SIB events during 
the latter part of the trials and during the long-term extension period than were detected 
earlier in the trials. Per the sponsor, the reported rate of suicidal behavior almost doubled and 
the reported rate of suicidal ideation increased 10-fold after subjects began completing the 
eCSSRS. The rate of completed suicides decreased slightly after implementation of the eCSSRS.

Table 36: Suicidal adverse events in brodalumab psoriasis trials before and after eCSSRS implementation 
(from sponsor)

Source: DEPI review 

So the exposure-adjusted rates of suicidal ideation and attempts were greater after 
implementation compared to the pre-CSSRS period. However, these were not concurrent, 
randomized groups. There was confounding by time, so an alternative explanation to enhanced 
ascertainment is that the risk of events is higher with a longer duration of exposure. Also, there 
may be other uncontrolled factors at play due to lack of randomization.

The PHQ-8 detected more frequent mild score elevation in brodalumab versus ustekinumab, 
although one cannot extrapolate conclusions due to scale usage after the placebo-controlled 
induction phase. 
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For the HADS used in Study 02 only during the induction phase, the results showed improved 
scores in brodalumab versus placebo, but only a small number of the study subjects completed 
the scale; given the small number of subjects, the results are not reliable.

Conclusions and Recommendations

Based on the review of the pooled data from the 12-week placebo-controlled induction phase 
of the three Phase 3 psoriasis trials for brodalumab, no statistically significant association of SIB 
elevation was found for brodalumab versus placebo. However, the generalizability of this 
finding is limited by the relatively short duration of the study period, the overall rare incidence 
of SIB events, and the use of different scales and adjudication methods during different phases 
of the clinical trials to detect and classify SIB events (although the same method was used at 
least during the 12-week induction phase alone.) Also, the C-CASA method used during the 
induction phase is intuitively considered less sensitive at detecting SIB events than the eCSSRS. 

One might also consider a possible beneficial effect on depression and anxiety based on the 
HADS finding in one placebo-controlled study 2012-0102, where the brodalumab arm showed 
significant improvement in levels of depression/anxiety symptoms detected by the HADS versus 
placebo. Again though, the findings are limited by relatively small sample size and possible 
confounding (situational reaction to improved skin symptoms, etc.) 

I have ongoing concerns about the lack of ability to make any definitive conclusions about the 
relationship between brodalumab and suicidality based on the existing data, and the adequacy 
of currently available pharmacovigilance methods to detect events during the post marketing 
period, and whether any proposed REMS recommendations would be helpful in preventing 
suicides if the risk factors for SIB remain uncertain. 

Given all this uncertainty, I recommend that the sponsor conduct an active-controlled, parallel 
group study with brodalumab focusing on frequent monitoring for psychiatric symptoms, 
especially suicidal ideation and behavior but also depressive symptoms. The active control 
agent should be a psoriasis agent which appears to have low risk for SIB events. This may 
permit better understanding of the relationship between brodalumab treatment and SIB as well 
as determination of  risk factors for SIB, which might inform a future REMS. It is further 
recommended that this study be conducted prior to approval, because of the current 
availability of safe and effective agents to treat psoriasis and the potential for fatal and other 
serious sequelae of suicidal behavior that might be produced by brodalumab treatment if a true 
causal relationship exists. This will likely have to be a large study of considerable length. DPP is 
willing to work with FDA dermatology experts, epidemiologists, and statisticians in designing 
such a trial. 
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(monoclonal IgG antibody directed at IL-12/23) was associated with an increased risk of MACE 
in one of four Phase 3 trials. The applicant withdrew its product applications pending before the 
FDA and the European Medicines Agency (EMA) prior to completion of their reviews.22 

This analysis used the 120-day safety update dataset. Because the study was not designed, and 
consequently not powered, to compare the treatment arms with respect to MACE, we did not 
conduct statistical testing.

Table 37: Baseline Characteristics of the Safety Population in Phase 3 Psoriasis Trials

n (%) Brodalumab
n = 2908

Placebo
n = 842

Ustekinumab
n = 613

Male 2021 (69) 586 (70) 417 (68)
Age (years)

Mean (SD) 44.9 (12.9) 44.7 (12.9) 45.1 (13.1)
< 40 1049 (36) 325 (39) 220 (36)
45-64 1672 (57) 464 (55) 351 (57)
> = 65 187 (6) 53 (6) 42 (7)

BMI (> 35 kg/m2) 636 (22) 167 (20) 135 (22)
Biologic usage 874 (30) 266 (32) 160 (26)
History of psoriasis arthritis 616 (21) 174 (21) 114 (19)
History of  ischemic heart disease 101 (3) 31 (4) 24 (4)
History of cardiac or vascular disorders 926 (32) 248 (29) 212 (35)
Source: DB7 analysis of submitted data

The table above summarizes subject baseline characteristics by original treatment arms.  

During the induction phase, 3 (0.1%) MACE (2 MIs, 1 stroke) occurred in the brodalumab arm (n 
= 2908) and 1 (0.12%) MACE (MI) in the placebo arm (n = 842).  MACE was not observed in the 
ustekinumab arm (n = 613). 

At the end of the 12-week induction phase, the majority of placebo subjects and some 
ustekinumab subjects received brodalumab.  During the active-controlled phase, 22 MACE 
events occurred in the brodalumab arm, and 1 MI was detected in the ustekinumab arm.  The 
incidence of MACE among subjects exposed to brodalumab was 0.6% (95%CI: 0.38–0.90), and 
the follow-up time adjusted rates was 0.7 cases per 100 subject-years (95% CI: 0.4–0.9). 

Cardiovacular Events in Ustekinumab Clinical Studies, PSOLAR and Postmarketing Data,” August 25, 2014. 
FDA/OSE/OPE: 20-MAR-2015.
22 Traczewski P and L Rudnicka.  Briakinumab for the treatment of plaque psoriasis.  Biodrugs 2012; 26(1):9 -20.
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Table 38: Number (%) and follow-up time-adjusted Incidence Rates of adjudicated MACE in 
the active-controlled Phase (52 weeks) of the three Phase 3 Psoriasis Trials

MACE
Brodalumab

n = 3711
Brod after 

Ustek
n = 124

Ustekinumab
n = 489

Placebo
n =39

Number (%)
MACE 22† (0.6) 0 1 (0.2) 0

CV death 1 (0.0) 0 0 0
MI 16 (0.5) 0 1 (0.2) 0
Stroke 5 (0.13) 0 0 0

Follow-up time 3297.2 75.5 494.8
Incidence rate* 0.7 0 0.2 0
MACE Brodalumab + Brodalumab after Ustekinumab

n = 3835
Number (%; 95% CI) 22 (0.6, 0.38–0.90)
Follow-up time 3372.7
Incidence rate* (95% CI) 0.7 (0.43–1.02)

Source: DB7 analysis of submitted data
†One subject (20120103-10366037013) was originally in the placebo arm and was excluded from this analysis 
because MACE occurred before the first dose of brodalumab. 
*per 100 subject-years

From randomization to end of follow up, 48 MACE events occurred among brodalumab users, 
where 1 MACE event occurred in a subject who switched to brodalumab after receiving 
ustekinumab. The incidence of MACE among subjects exposed to brodalumab was 1.1% (95% 
CI: 0.83–1.49) and the follow-up adjusted incidence rate was 0.6 per 100 subject-years (95% CI: 
0.42–0.76). 
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Table 39: Number (%) and follow-up time-adjusted adjudicated MACE incidence rates in 
Psoriasis Trials from Day 1 to the end-of-follow-up

MACE Brodalumab
n = 3706

Brod after Ustek
n = 567

Ustekinumab
n = 49

Placebo
n = 41

Number (%)
MACE 47† (1.3) 1* (0.2) 2 (4.1) 0

CV death 8 (0.2) 0 1 (2.0) 0
MI 28 (0.8) 0 1 (2.0) 0
Stroke 11 (0.3) 1 (0.2) 0 0

Follow-up time 7587.1 778.1 27.5
Incidence rate** 0.7 0.3 7.3 0
MACE Brodalumab + Brodalumab after Ustekinumab

n = 4273
Number (%; 95% CI) 48 (1.1, 0.83–1.49)
Follow-up time 8365.2
Incidence rate** (95% CI) 0.6 (95% CI: 0.42–0.76)

†Six MACE were excluded from brodalumab only arm because 1) 4 events occurred >42 days after the last dose of 
brodalumab; 2) one CV death (20120103-10366037013) occurred before the first dose of brodalumab and the 
subject was originally assigned in the placebo arm; and 3) one CV death (20120102-10248019002) was re-
adjudicated as non-MACE
*One CV death was excluded from brodalumab after ustekinumab arm because it occurred >42 days after the last 
dose of brodalumab
**per 100 subject years

The Table below summarizes the follow-up time-adjusted incidence rates of MACE by reported 
age and medical history in psoriasis trials from randomization to end of the follow-up. As 
expected, the incidence rate of MACE was higher in brodalumab users over 65 years old 
compared to those younger. Brodalumab users with a history of ischemic heart disease had a 9-
fold increase in incidence rate of MACE compared to users without history. Similarly, 
brodalumab users with a history of cardiac or vascular disorder had a 4.7 fold increase in 
incidence rate compared to users without history.
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Table 40: Number (%) and follow-up time-adjusted incidence of MACE by age and Medical 
History in Psoriasis Trials from Randomization to end-of-follow-up

Subgroups 
No. of brodalumab users

(subject-years)
N = 4464

No. of MACE
(%)

Incidence rate
per 100 subject-years

Age (years)
< 40 1559 (3070) 5 (0) 0.16
40 - 64 2439 (4765) 33 (1) 0.69
>= 65 275 (530) 10 (4) 1.89
Ratio of >= 65/< 40 11.8

History of ischemic cerebrovascular conditions or ischemic heart disease
Yes 152 (265) 11 (7) 4.15      
No 4121 (8101) 37 (1) 0.46
Ratio of Yes/No 9.02

History of cardiac or vascular disorders
Yes 1356 (2541) 32 (2) 1.26
No 2917 (5824) 16 (1) 0.27
Ratio of Yes/No 4.67

Source: DB7 analysis of submitted data

Consultation Summary

Division of Epidemiology-I (Dr. Andrew Mosholder)

The Division of Epidemiology-I was asked to provide assistance in comparing the rate of MACE 
in trials of brodalumab versus other products indicated for psoriasis.  It has been proposed that 
IL-17 has a pathogenic role not only in psoriasis but also in atherosclerosis, and that this may be 
one explanation for the fact that psoriasis is a risk factor for cardiovascular disease.  As 
brodalumab treatment was found to raise serum IL-17A concentrations in the clinical 
development program, this could possibly mean that brodalumab treatment might accelerate 
atherosclerosis and increase MACE.  With respect to cardiovascular safety issues with other 
biologics for psoriasis, the tumor necrosis factor (TNF) blockers etanercept, adalimumab, and 
infliximab are labeled for an association with heart failure, though not MACE.  However, there 
have been previous concerns about MACE with the anti-IL-12 ⁄23 agents ustekinumab and 
briakinumab (of which only ustekinumab is marketed).
 
We examined the brodalumab trial data on MACE. In the 12-week placebo controlled trial 
periods, and 52-week ustekinumab controlled trial periods, MACE outcomes were very sparse 
in the comparison groups (see DB7 summary review, above), so comparisons of MACE rates 
between brodalumab and controls are not informative.  Accordingly, clinical trial data from 

Reference ID: 3977109



Clinical Review
Gary T Chiang MD, MPH
BLA 761032
SILIQ® (Brodalumab)

CDER Clinical Review Template 2015 Edition 115
Version date: November 5, 2015 for initial rollout (NME/original BLA reviews)

recent regulatory submissions for other psoriasis products were surveyed for data on MACE to 
provide comparisons to brodalumab (Table).

Table 41: Rates of major adverse cardiovascular events (MACE) with treatment by specific 
products in psoriasis clinical trials

Psoriasis 
product

N Exposu
re pyr 

MAC
E
 
 

CV 
deat

h
 
 

MI
 
 

Strok
e
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E per 
1000 
pyr

 

CV 
deat

h 
per 

1000 
pyr

MI 
per 
100

0 
pyr

Strok
e per 
1000 
pyr

MACE 
outcomes 
adjudicate

d
(y/n)?

Brodalumab, 
Psoriasis 
Phase 3 trials 
only (with 4 
mo su)

4,273 8365.2 54 12 30 12 6.46 1.43 3.59 1.43 y

Apremilast 
(1)

1,184 1,422 8 n/a n/a n/a 5.63 n/a n/a n/a y

Briakinumab 
(2)

2,520 4,704 27 5 19 3 5.74 1.06 4.04 0.64 y

Ixekizumab 
(3)

4,035 6,026.4 38 7 25 6 6.31 1.16 4.15 1.00 y

Secukinuma
b (4)

3,494 n/a 11* 1 5 6 3.6 0.3 1.6 2.0 n

Ustekinumab 
(5)

3,705 9,442 36 2 30 4 3.81 0.21 3.18 0.42 y

Summary data across products are subject to heterogeneity in patient characteristics, follow-up methods, & 
ascertainment of events.  Data sources: (1) 4 mo su; (2) Langley et al. JEADV 2013, 27, 1252–1261; (3) 4 mo 
su; (4) MACE Information Request response; (5) MACE Information Request response
*Categories not mutually exclusive
pyr=patient-years, 4 mo su=4 month safety update  
An analysis of MACE for adalimumab, etanercept, or infliximab could 
not be located

Numerically, brodalumab had the highest rate of MACE across products, and also the 
numerically highest rate of CV death. The following graph displays the incidence rates and 95% 
confidence intervals for MACE in psoriasis clinical trials for the indicated products; it can be 
seen that while the brodalumab rate was highest, MACE rates were fairly similar for 
brodalumab, apremilast, briakinumab and ixekizumab. 
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Figure 26: MACE per 1000 person-years of treatment in Psoriasis Clinical Trials

Source: DEPI reviewer’s compilation

There are important limitations to these data. First, use of external or historical comparisons is 
generally not as valid as internal controls. Data from different development programs may be 
subject to heterogeneity in patient characteristics, follow-up methods, and ascertainment of 
MACE. The results reflect only a crude pooling of data across trials and products, rather than a 
patient or trial level meta-analysis, and do not take into account potential differences in 
confounders across programs. 

Further evaluation of the risk of MACE with brodalumab is recommended, given the plausible 
association of MACE with elevated serum IL-17 levels resulting from brodalumab treatment. A 
cardiovascular outcome randomized clinical trial would be challenging, but would provide the 
highest quality data. If brodalumab is approved, there are reliable observational techniques for 
studying MACE which could be applied post-marketing—but only if the market uptake of 
brodalumab is sufficient to provide a large enough sample. Analysis of the existing clinical trial 
data on IL-17 levels among brodalumab-treated subjects could provide insights into the 
possible association with MACE, if it were to be found that subjects with greater IL-17 increases 
had higher rates of MACE events.
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Division of Cardio-Renal Products (Dr. Senatore Fortunato)

IL-7A levels have been associated with psoriasis and cardiovascular disease based on similar 
pathophysiology, but its role in various stages of atherosclerosis and its complications remains 
poorly understood. Although IL-17A serum levels are elevated consequent to brodalumab 
therapy, an enhanced potential for IL-17A mediated acute coronary syndrome might be 
theoretically offset by a protective effect from brodalumab in blocking receptors that might 
propagate IL-17A mediated MACE.

The number of MACE occurrences in the 12-week double-blind period of the psoriasis trials was 
too small to draw a conclusion about the risk of MACE due to brodalumab compared to placebo 
or active comparator. In the 52-week follow-up period of the psoriasis trials, there was a 
numerically 3.5-fold higher follow-up-time adjusted incidence rate of adjudicated MACE for 
brodalumab compared to ustekinumab. This suggested a potential safety signal but the 
incidences were low, and there may have been an ustekinumab contribution to the brodalumab 
arm due to switching beyond the 12-week double blind period. There was also wide variation of 
median time from last dose to MACE (-74 days to + 24 days) thus raising doubt about drug 
causality. The follow-up-time adjusted adjudicated MACE incidence rates per 100 subject-years 
from Day 1 to end of follow-up (+ 2 years) was low (0.6%) in the brodalumab arms compared to 
that of ustekinumab (7.3%). The elevated rate in the ustekinumab arm was likely due to an 
artifact associated with a low sample size in that arm (n=49) compared to brodalumab (n= 3706 
+ 567 = 4273) following therapeutic switches to brodalumab. Subjects with a medical history of 
ischemic cerebrovascular conditions or ischemic heart disease were 9 times more likely than 
subjects without this history to have a MACE while on the trial from Day 1 to the end of follow-
up. Similarly, subjects with a history of cardiac or vascular disorders by MedDRA were 4.7 times 
more likely than subjects without this history to have a MACE in this trial from Day 1 to end of 
follow-up. This data showed that the higher cardiac risk patients were more likely to have a 
MACE but did not show a drug-mediated effect. 

Conclusion 
No specific safety signals for MACE from the phase 3 clinical trials evaluating brodalumab in 
patients with psoriasis were detected. 

Reviewer’s Discussion: 
The applicant concluded that the evidence does not support a causal relationship between 
brodalumab and MACE.  This reviewer acknowledges the lack of direct evidence to support an 
association between brodalumab and MACE in the Phase 3 clinical trials with psoriasis patients.  
However, theoretical evidence from literature provides some mechanistic association of increase 
IL-17 cytokine and atherosclerosis.  A full literature review conducted by the Division of Cardio-
Renal Products and Dr. Senatore revealed mixed results and concluded that there is inconclusive 
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Table 42: Success on the sPGA(1) at Week 12 by Baseline Demographics for Trials 02 and 03

Trial 02 Trial 03
Brodalumab 

210 mg
N=222

Brodalumab
140 mg
N=219

Placebo
N=220

Brodalumab 
210 mg
N=612

Brodalumab
140 mg
N =610

Placebo
N=309

Ustekinu-
mab

N=300
Gender

Female 48/61 
(79%)

27/57 
(47%)

1/59 
(2%)

151/191 
(79%)

122/197 
(62%)

6/90
 (7%)

63/95 
(66%)

Male 120/161 
(75%)

91/162 
(56%)

2/161 
(1%)

330/421 
(78%)

232/413 
(56%)

6/219
 (3%)

120/205 
(59%)

Age

<65 154/206 
(75%)

106/199 
(53%)

3/202 
(1%)

458/585 
(78%)

332/572 
(58%)

11/289 
(4%)

174/279 
(62%)

≥65 14/16 
(88%)

12/20 
(60%)

0/18 
(0%)

23/27 
(85%)

22/38 
(58%)

1/20 
(5%)

9/21 
(43%)

Race

White 152/203 
(75%)

103/196 
(53%)

2/202 
(1%)

435/551 
(79%)

323/557 
(58%)

9/273 
(3%)

166/271 
(61%)

Non-white 16/19 
(84%)

15/23 
(65%)

1/18 
(6%)

46/61 
(75%)

31/53 
(58%)

3/36 
(8%)

17/29
(59%)

Weight

≤100 kg 133/156 
(85%)

99/156 
(63%)

3/159 
(2%)

358/428 
(84%)

297/426 
(70%)

11/216 
(5%)

135/214 
(63%)

>100 kg 35/66
 (53%)

19/63
 (30%)

0/61 
(0%)

123/184 
(67%)

57/184 
(31%)

1/93 
(1%)

48/86 
(56%)

Prior Biologic Use

Yes 85/105 
(81%)

47/99 
(47%)

0/101 
(0%)

133/177 
(75%)

90/179 
(50%) 1/90 (1%) 42/84 

(50%)

No 83/117 
(71%)

71/120 
(59%)

3/119 
(3%)

348/435 
(80%)

264/431 
(61%)

11/219 
(5%)

141/216 
(65%)

Region

U.S.A. 60/87 (69%) 41/86 (48%) 3/88 
(3%)

209/286
(73%)

138/281
(49%)

5/144 
(3%)

79/140
(56%)

Canada 40/48 (83%) 23/49 (47%) 0/47 
(0%)

53/64
(83%)

37/66
(56%)

2/33 
(6%)

23/32
(72%)

Ex-North 
America 68/87 (78%) 54/84 (64%) 0/85 

(0%)
219/262
(84%)

179/263
(68%)

5/132
(4%)

81/128
(63%)

Source: Reviewer Table. (1) sPGA score of 0 or 1.
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Table 43: Success on the sPGA(1) at Week 12 by Baseline Demographics for Trial 04

Trial 03
Brodalumab 

210 mg
N=624

Brodalumab
140 mg
N =629

Placebo
N=315

Ustekinumab
N=313

Gender

Female 146/193 (76%) 121/192 (63%) 5/107 (5%) 62/101
 (61%)

Male 351/431 (81%) 256/437 (58%) 8/208 (4%) 117/212 (55%)
Age

<65 467/578 (81%) 354/589 (60%) 11/300 (4%) 168/292 (58%)

≥65 30/46 
(65%)

23/40 
(58%) 2/15 (13%) 11/21 

(52%)
Race

Caucasian 448/565 (79%) 345/569 (61%) 13/294 (4%) 162/280 (58%)
Non-white 49/59 (83%) 32/60 (53%) 0/21 (0%) 17/33 (52%)

Weight
≤100 kg 386/458 (84%) 319/462 (69%) 11/233 (5%) 132/227 (58%)
>100 kg 111/166 (67%) 58/167 (35%) 2/82 (2%) 47/86 (55%)

Prior Biologic Therapy
Yes 114/157 (73%) 83/160 (52%) 3/76 (4%) 39/75 (52%)
No 383/467 (82%) 294/469 (63%) 10/239 (4%) 140/238 (59%)

Region

U.S.A. 203/276
(74%)

160/278
(58%)

7/141
(5%)

78/140
(56%)

Canada 59/72 
(82%)

40/75 
(53%) 0/34 (0%) 23/38 

(61%)
Ex-North 
America

235/276
(85%)

177/276
(64%)

6/140
(4%)

78/135
(58%)

Source: Reviewer Table. (1) sPGA score of 0 or 1.

Efficacy by Country

Trials 02 was conducted in 6 countries that included the US, Canada, France, Germany, Poland, 
and Switzerland. Trial 03 was conducted in 10 countries that included the US, Australia, Austria, 
Canada, Czech Republic, France, Hungary, Netherlands, Poland and Spain.  Trial 04 was 
conducted in 11 countries that included the US, Australia, Belgium, Canada, France, Greece, 
Hungary, Italy, Latvia, Poland, and Russia.  In all three Phase 3 trials, the country that enrolled 
the most subjects was the US with 261 subjects (39%), 851 subjects (46%) and 835 subjects 
(44%) in Trials 02, 03, and 04, respectively.

Tables 44, 45, and 46 present the results for the co-primary endpoints at Week 12 by country 
for Trials 02, 03, and 04, respectively.  In all three trials, the treatment effects for sPGA 
response and PASI 75 were generally consistent across the countries, except for the US which 
sPGA and PASI 75 responses were slightly lower than those of the other countries.
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Table 44:  Success on the sPGA(1)and PASI 75 Response at Week 12 by Country (Trial 02)

Country Brodalumab 
210 mg

Brodalumab 
140 mg Placebo

USA 60/87 (69%) 41/86 (48%) 3/88 (3%)
Canada 40/48 (83%) 23/49 (47%) 0/47 (0%)
France 11/14 (79%) 7/10 (70%) 0/12 (0%)
Germany 15/21 (71%) 12/20 (60%) 0/20 (0%)
Poland 36/45 (80%) 29/45 (64%) 0/45 (0%)

sPGA 
0 or 1

Switzerland 6/7 (86%) 6/9 (67%) 0/8 (0%)
USA 68/87 (78%) 51/86 (59%) 5/88 (6%)
Canada 42/48 (88%) 27/49 (55%) 0/47 (0%)
France 12/14 (86%) 7/10 (70%) 1/12 (8%)
Germany 17/21 (81%) 13/20 (65%) 0/20 (0%)
Poland 40/45 (89%) 29/45 (64%) 0/45 (0%)

PASI 75

Switzerland 6/7 (86%) 5/9 (56%) 0/8 (0%)
Source: Reviewer’s table. (1) sPGA score of 0 or 1.

Table 45: Success on the sPGA(1) and PASI 75 Response at Week 12 by Country (Trial 03)

Country Brodalumab 
210 mg

Brodalumab 
140 mg Placebo Ustekinumab

USA 235/286 (82%) 166/281 (59%) 13/144 (9%) 92/140 (66%)
Australia 37/40 (93%) 26/39 (67%) 1/19 (5%) 16/20 (80%)
Austria 6/6 (100%) 4/8 (50%) 0/4 (0%) 1/2 (50%)
Canada 56/64 (88%) 47/66 (71%) 3/33 (9%) 25/32 (78%)
Czech Republic 17/18 (94%) 16/20 (80%) 1/8 (13%) 6/7 (86%)
France 11/14 (79%) 10/13 (77%) 3/8 (38%) 5/9 (56%)
Hungary 18/18 (100%) 11/15 (73%) 1/10 (10%) 7/8 (88%)
Netherlands 5/5 (100%) 5/6 (83%) 0/3 (0%) 3/3 (100%)
Poland 116/130 (89%) 100/132 (76%) 0/64 (0%) 45/65 (69%)

sPGA 
0 or 1

Spain 16/19 (84%) 14/20 (70%) 1/10 (10%) 7/10 (70%)
USA 235/286 (82%) 166/281 (59%) 13/144 (9%) 92/140 (66%)
Australia 37/40 (93%) 26/39 (67%) 1/19 (5%) 16/20 (80%)
Austria 6/6 (100%) 4/8 (50%) 0/4 (0%) 1/2 (50%)
Canada 56/64 (88%) 47/66 (71%) 3/33 (9%) 25/32 (78%)
Czech Republic 17/18 (94%) 16/20 (80%) 1/8 (13%) 6/7 (86%)
France 11/14 (79%) 10/13 (77%) 3/8 (38%) 5/9 (56%)
Hungary 18/18 (100%) 11/15 (73%) 1/10 (10%) 7/8 (88%)
Netherlands 5/5 (100%) 5/6 (83%) 0/3 (0%) 3/3 (100%)
Poland 116/130 (89%) 100/132 (76%) 0/64 (0%) 45/65 (69%)

PASI 75

Spain 16/19 (84%) 14/20 (70%) 1/10 (10%) 7/10 (70%)
Source: Reviewer table. (1) sPGA score of 0 or 1.
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Table 46: Success on the sPGA(1) and PASI 75 Response at Week 12 by Country (Trial 04)

Country Brodalumab 
210 mg

Brodalumab 
140 mg Placebo Ustekinumab

USA 203/276 (74%) 160/278 (58%) 7/141(5%) 78/140(56%)
Australia 15/17 (88%) 7/16 (44%) 0/8 (0%) 2/9(22%)
Belgium 7/8 (88%) 4/8 (50%) 0/6 (0%) 1/2 (50%)
Canada 59/72 (82%) 40/75 (53%) 0/34 (0%) 23/38 (61%)
France 26/28 (93%) 21/29 (72%) 2/16 (13%) 10/15 (67%)
Greece 17/21 (81%) 11/23 (48%) 0/10 (0%) 5/11 (45%)
Hungary 16/17 (94%) 10/16 (63%) 0/7 (0%) 8/10 (80%)
Italy 2/2 (100%) 2/3 (67%) 0/2/(0%) 1/1 (100%)
Latvia 28/33 (85%) 19/32 (59%) 0/16 (0%) 9/15 (60%)
Poland 106/127 (83%) 89/129 (70%) 4/63 (6%) 40/63 (63%)

sPGA 0 
or 1

Russia 18/23 (78%) 14/21 (67%) 0/12 (0%) 2/9 (22%)
USA 224/276 (81%) 188/278 (68%) 10/141(7%) 92/140(66%)
Australia 16/17 (94%) 10/16 (63%) 0/8 (0%) 6/9 (67%)
Belgium 7/8 (88%) 4/8 (50%) 0/6 (0%) 1/2 (50%)
Canada 64/72 (89%) 44/75 (59%) 1/34 (3%) 23/38 (61%)
France 26/28 (93%) 21/29 (72%) 1/16 (6%) 12/15 (80%)
Greece 18/21 (86%) 15/23 (65%) 0/10 (0%) 8/11 (73%)
Hungary 16/17 (94%) 12/16 (75%) 0/7 (0%) 9/10 (90%)
Italy 2/2 (100%) 2/3 (67%) 0/2/(0%) 1/1 (100%)
Latvia 30/33 (91%) 23/32 (72%) 1/16 (6%) 13/15 (87%)
Poland 113/127 (89%) 98/129 (77%) 4/63 (6%) 48/63 (76%)

PASI 75

Russia 15/23 (65%) 15/21 (71%) 2/12 (17%) 4/9 (44%)
Source: Reviewer table. (1) sPGA score of 0 or 1.

Efficacy by Disease Severity

In all three trials, the treatment effect was generally lower for subjects with a baseline sPGA 
score of 4 (severe) or 5 (very severe) compared to those subjects with baseline sPGA score of 3 
(moderate).  It should be noted that there was only a small number of subjects with sPGA score 
of 5.  Table 47 presents the results for the sPGA response at Week 12 by baseline disease 
severity for Trials 02, 03, and 04.
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Dermatologic and Ophthalmic Drugs Advisory Committee Members Not Present (Voting): 
Richard M. Awdeh, MD (Chairperson); Geoffrey G. Emerson, MD, PhD; Mary E. Maloney, MD; 
Stephen S. Feman, MD, MPH, FACS; Mildred M.G. Olivier, MD; David K. Yoo, MD

Dermatologic and Ophthalmic Drugs Advisory Committee Member Present (Non-Voting): 
Marla B. Sultan, MD, MBA (Industry Representative)

Temporary Members (Voting): Bonnie H. Arkus, RN (Acting Consumer Representative); Warren 
B. Bilker, PhD; Michael J. Blaha, MD, MPH; Erica Brittain, PhD; John J. DiGiovanna, MD; Lynn A. 
Drake, MD; Michael R. Irwin, MD; Francis E. Lotrich, MD, PhD; Stephen R. Marder, MD; Elaine 
H. Morrato, DrPH, MPH; Matthew V. Rudorfer, MD; Elizabeth Smith (Patient Representative); 
Ming T. Tan, PhD; Consuelo Walss-Bass, PhD; David D. Waters, MD; Julie M. Zito, PhD

FDA Participants (Non-Voting): Amy Egan, MD, Kendall A. Marcus, MD; Gary Chiang, MD, 
MPH; Cynthia L. LaCivita, PharmD; Simone P. Pinheiro, ScD, MSc

Designated Federal Officer (Non-Voting): Jennifer Shepherd, RPh

Open Public Hearing Speaker: Tena Brown

Questions to the Committee:

1. DISCUSSION: Discuss the safety data for brodalumab. 

A. DISCUSSION: Do the safety data for brodalumab suggest a signal for:

i. Suicide Ideation and Behavior (SIB)? 

ii. Major Adverse Cardiovascular Events (MACE)?

B. DISCUSSION: If you believe there is a safety signal for SIB and/or MACE, comment on 
possible approaches to further evaluate these signals.  

Committee Discussion: The committee unanimously agreed that there was no safety signal 
for MACE. The majority of the committee agreed that the safety signal for SIB was not clear; 
however, it was noted that clinicians and patients need to be made aware of the possibility 
of SIB. The committee had differing opinions on requiring a registry to follow patients taking 
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brodalumab. The committee discussed the difficulty in evaluating patients for increased 
suicide risk unless a clinician had expert psychiatric experience. The committee also debated 
as to whether or not the proposed enhanced safety communications are adequate to 
address the issue of six completed suicides.  Please see the transcript for details of the 
committee discussion.

  
2. VOTE: Is the overall benefit/risk profile of brodalumab acceptable to support approval for 

the treatment of moderate to severe plaque psoriasis in adult patients who are candidates 
for systemic therapy or phototherapy.

A. Yes, with labeling alone to manage the risks 

B. Yes, but only if certain risk management options for SIB beyond labeling are 
implemented

C. No

Please provide a rationale for your vote. If you voted for A, please describe the labeling you 
would recommend to manage the risks. If you voted for B, describe the interventions or 
tools you believe would help mitigate the risk of SIB, in addition to labeling. 

Vote Result:  A – 4 votes B – 14 votes C – 0 votes

Committee Discussion: The majority of the panel voted that the overall benefit/risk profile of 
brodalumab is acceptable to support approval for the treatment of moderate to severe 
plaque psoriasis in adult patients who are candidates for systemic therapy or phototherapy, 
but only if certain risk management options for SIB beyond labeling are implemented. Of 
those who voted for “B”, the majority stated that they supported a registry of some type. 
Two committee members recommended a black box warning. Please see the transcript for 
details of the committee discussion.

3. DISCUSSION: If you voted for approval in question #2, please comment on post-marketing 
studies/trials that are needed to further define the safety of brodalumab, including, but not 
limited to, the need for long-term studies to evaluate suicidality and cardiovascular events. 

Committee Discussion: Several committee members stated their concerns that a mandatory 
registry could be a barrier to drug access for some patients, but supported a voluntary 
registry. One committee member expressed concern that the endpoints information 
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On completion of the 52-week periods, the data will be analyzed in totality with the available 
clinical data to provide the benefit/risk evaluation for approval.  

If brodalumab is recommended for approval, I would still push for this clinical trial in the post-
approval period as part of a PMR.  I believe this is the most effective way to evaluate the SIB 
risk.  

The Agency met with the applicant in a teleconference on 22-AUG-2016 to discuss our 
recommendations regarding labeling and REMS for approval of brodalumab.  The meeting 
minutes are provided in summary:

Meeting Purpose:  We would like to discuss the following: Boxed Warning and proposed REMS.  
We are continuing to discuss internally what, if any, post marketing requirements will be 
necessary. 

• Subsequent to the July 19th Advisory Committee meeting, FDA has conducted internal 
meetings regarding options for the potential approval of the brodalumab application.  
These discussions have included senior management from CDER, OND, and OSE.

• While acknowledging the seriousness of the disease (moderate to severe psoriasis), the 
availability of alternative treatments with comparable efficacy profiles, and the 
presence of a potentially fatal risk (SIB) observed in the clinical development program 
for brodalumab, we have determined that, if this product is to be approved, it will 
require a REMS with ETASU in addition to optimized labeling, to mitigate the risk of 
suicidality observed with your product.

A. Optimized labeling would include:

1. A Boxed Warning discussing the potential increased risk of suicidality 
with brodalumab

2. A Limitation of Use that brodalumab should only be used in patients who 
have failed to respond, or lost response, to other biologic therapies

3. A recommendation to discontinue therapy or reassess need in patients 
who do not achieve an adequate response within 12 weeks
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B. The REMS with ETASU should include: Prescriber Certification, Pharmacy 
Certification, and Documentation of Safe Use conditions.  The REMS appended 
materials should include:

o Siliq REMS Program Healthcare Provider Enrollment Form
o Siliq REMS Program Patient Wallet Card
o Siliq REMS Program Patient-Provider Agreement Form
o Siliq REMS Program Pharmacy Enrollment Form

We will be reviewing the elements to be included and referencing specific 
examples from other approved REMS Programs.  Although we are providing 
examples of REMS materials, they are for the purpose of layout and format.  
Some content may not be applicable to your proposed REMS and should be 
revised to reflect only the elements and requirements we have discussed today.

1. Prescriber certification:  Ensures that prescribers are educated on the 
potential risk of suicidal ideation and behavior (SIB) observed with 
brodalumab therapy, acknowledge understanding of the risk, and agree 
to counsel patients about this risk

• Prescriber Certification should include:  A 1- or 2-page document 
titled “SILIQ REMS Program Healthcare Provider Enrollment 
Form”

o Refer to the “Addyi REMS Program Prescriber Enrollment 
Form” for reference: 
http://www.accessdata.fda.gov/drugsatfda_docs/rems/Ad
dyi 2016-05-10 Prescriber Enrollment Form.pdf

o However, at this time, a Prescriber and Pharmacy Training 
Program (as referenced in the “Addyi REMS Program 
Prescriber Enrollment Form”) are not necessary. 

• Formatting of the “SILIQ REMS Program Healthcare Provider 
Enrollment Form” should include: 

o Instructions for stakeholders at the top of the document, 
as seen in the Lemtrada REMS Prescriber Enrollment Form: 
http://www.accessdata.fda.gov/drugsatfda docs/rems/Le
mtrada 2016-04-05 Prescriber Enrollment Form.pdf
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o Check boxes next to each attestation in order to ensure 
each attestation is reviewed

o For an example of check boxes, see the Entereg 
REMS Program Hospital Pharmacy Enrollment 
Form:
http://www.accessdata.fda.gov/drugsatfda docs/r
ems/Entereg 2016-06-
01 Pharmacy Enrollment Form.pdf

o Healthcare Provider contact information at the end 
of the form, as seen with the “Addyi REMS Program 
Prescriber Enrollment Form”: 
http://www.accessdata.fda.gov/drugsatfda_docs/r
ems/Addyi 2016-05-
10 Prescriber Enrollment Form.pdf

• Healthcare Provider Certification should also include a “Patient 
Wallet Card”

o We have reviewed your proposed Patient Wallet Card and 
request that you include the following elements: 

Indication
Acknowledgement  of risk seen with brodalumab 
therapy (regardless of whether or not patient has 
history of SIB) 
Warning signs of suicide
Referral to the National Suicide Prevention Lifeline

o It is the Agency’s preference that this information be 
included on wallet-size cardstock, similar to the Soliris 
REMS Patient Safety Card: 
(http://www.accessdata.fda.gov/drugsatfda docs/rems/S
oliris 2016-07-12 Patient Safety Card.pdf), Zinbryta 
REMS Patient Wallet Card: 
(http://www.accessdata.fda.gov/drugsatfda docs/rems/Zi
nbryta 2016-05-27 Patient Wallet Card.pdf), or the 
iPledge REMS Patient ID Card (see p. 82 of the iPledge 
REMS Educational Kit for Female Patients Who Can Get 
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Pregnant): 
http://www.accessdata.fda.gov/drugsatfda docs/rems/Iso
tretinoin_2016-07-
08 Educational Kit For Female Patients Who Can Get
Pregnant.pdf

2. Pharmacy certification: Ensures that brodalumab prescribers are 
certified and patients are enrolled in the SILIQ REMS Program.

•  Pharmacy certification should include a 1-2 page document titled 
“SILIQ REMS Program Pharmacy Enrollment Form” 

o Refer to the Sabril REMS Program Pharmacy Enrollment 
Form as an example: 
http://www.accessdata.fda.gov/drugsatfda_docs/rems/Sabril_2
016-06-27 Pharmacy Enrollment%20Form.pdf

3. Documentation of Safe Use Conditions:  Ensures that patients are: 
counseled by their prescriber on the potential risk of SIB, understand the 
potential risk associated with brodalumab treatment, and are aware of 
the need to seek medical attention should they experience an emergence 
or worsening of suicidal thoughts or behavior  

• Documentation of Safe Use Conditions should include a “SILIQ 
REMS Program Patient-Provider Agreement Form” 

o Refer to the Addyi REMS Program Patient-Provider 
Agreement Form as an example:

http://www.accessdata.fda.gov/drugsatfda docs/rems/Ad
dyi 2016-05-10 Patient-Provider Agreement.pdf

4. REMS website: Provides a resource for stakeholders, with the ability to 
access and print REMS materials

o Consider a “SILIQ REMS Program Website” similar to: Sabril’s: 
https://www.sabrilrems.com/
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My recommendation would be for a pre-approval Randomized control trial to further ascertain 
the SIB signal in a multiple active arms.  It is my opinion that neuropsychiatric events in non-
psychiatric trials are under reported; however, based on the risk margins obtained in the 
currently submitted Phase 3 clinical trials, our biostatisticians are able to make sample size 
calculations for a clinical trial based on safety.

Figure 27: Safety Trials on SIB with Brodalumab—Sample Size Calculations

Based on the above calculations, it would be difficult to enroll a trial of these sizes to 
adequately power the study.  

This reviewer would not be recommending a clinical trial that would be impracticable to 
conduct.  A pre-approval RCT or a PMR RCT could be to conduct a trial similar to the three 
Phase 3 clinical trials submitted for review.  Since two of the three clinical trials had completed 
suicides, a fourth clinical trial can be conducted to evaluate ascertainment of neuropsychiatric 
adverse events and SIB.  This data could be combined to either lend further evidence of drug-
SIB relationship or to refute the relationship.  An extension of active arms to a full 5-year can 
evaluate safety for long-term use.  

The Agency continues to negotiate a PMR with the applicant that will be sensible and help 
ascertain the SIB signal.

13Appendices
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13. Traczewski P and L Rudnicka.  Briakinumab for the treatment of plaque psoriasis.  
Biodrugs 2012; 26(1):9 -20.

14. Walkup JT, Townsend L, Crystal S. and Olfson M. A systematic review of validated 
methods for identifying suicide or suicidal ideation using administrative or claims data. 
Pharmacoepidemiol Drug Saf, 2012; 21(S1): 174–182
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minimize potential bias provided: from Applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0

Is an attachment provided with the 
reason: 

Yes  No  (Request explanation 
from Applicant)
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A. EXECUTIVE SUMMARY 
This Clinical Outcome Assessment (COA) review is provided as a response to a request for 
consultation by the Division of Dermatology and Dental Products (DDDP) regarding BLA 
761032 Brodalumab (subcutaneous injection) for the treatment of moderate-to-severe plaque 
psoriasis. 
 
DDDP requested COA Staff to review the patient-reported outcome (PRO) assessment used in 
the three phase 3 brodalumab clinical trials to assess the signs and symptoms of psoriasis.   
 
The PRO efficacy assessment used as key secondary endpoint was the Psoriasis Symptom 
Inventory (PSI; Appendix A).  Therefore, the review focused on the adequacy of the PSI to 
support the applicant’s targeted labeling claims (listed in Section 1.4 of this review). 
 
This submission included an evidence dossier describing the development of the PSI.  The review 
concludes that the evidence submitted by the applicant sufficiently demonstrates that PSI is a 
well-defined and reliable assessment and fit-for-purpose in the context of this particular drug 
development program to assess the signs and symptoms of psoriasis in pivotal trials.  
Furthermore, PSI is adequate to support a labeling claim related to improvement in psoriasis 
signs and symptoms (i.e., itching, redness, scaling, burning, stinging, cracking, flaking, and 
pain).   
 

B. BACKGROUND INFORMATION 
Materials reviewed: 

 PRO Evidence Dossier (SDN 1, eCTD #0000) received November 16, 2015 (dated May 
12, 2015) 

 DDDP Consult dated February 12, 2016 to review the original BLA 761032; Sequence 
0000 

1 CONTEXT OF USE (COU) 

1.1 Target Study Population and Clinical Setting 
The target population for the brodalumab clinical trials was adult patients (age ≥ 18 years) with 
moderate to severe plaque psoriasis, defined as having a body surface area (BSA) ≥ 10%, a PASI 
≥ 12, and sPGA ≥3 at screening and baseline.  The clinical study protocols (20120101, 
20120102, and 20120103) outline the inclusion and exclusion criteria. 

Reference ID: 3956413







Clinical Outcome Assessment Review 
Yasmin Choudhry, M.D. 
BLA 761032 
Brodalumab 
Psoriasis Symptom Inventory (Symptom severity) 
 
 

5 
   

3 CLINICAL OUTCOME ASSESSMENT (COA) MEASURE(S) 
The Psoriasis Symptom Inventory (PSI): The PSI is an 8-item PRO measure intended to assess 
severity of the eight signs and symptoms (itch, redness, scaling, burning, stinging, cracking, 
flaking, and pain) of psoriasis.  There are paper and electronic versions of the PSI.  The recall 
period for the paper and electronic versions are 7-day and 24 hours, respectively.  The PSI items 
are rated on a 5-point verbal response scale (0=not at all, 1=mild, 2=moderate, 3=severe, and 
4=very severe). 

Reviewer comment:  The electronic version of the PSI (hand held electronic diary) was used for 
this drug development program.   
 
Scoring algorithm: For each patient, the 8 individual item scores were summed to yield a PSI 
total score ranging from 0 to 32, with higher scores representing more severe signs and 
symptoms of plaque psoriasis.  

 If a subject’s response was missing for any single item on a given day, a PSI total score 
was not calculated for that particular day.  

 For the 24-hour recall version of the PSI, a PSI weekly average score was calculated by 
summing the daily PSI total scores from the previous 7 days and dividing by the number 
of assessments available.  

o The PSI weekly average score was only calculated if there were at least 4 entries 
within the previous 7 days.  

o If a subject had multiple PSI entries on a single day, the most recent record from 
that day was used in computing the weekly average. If all records from the same 
date occurred at the same time, the entry with the worst response (highest score) 
was used in computing the weekly average.  

4 CONTENT VALIDITY 
The PSI was developed with a mixed methods approach (iterations of qualitative and quantitative 
methods).  The qualitative phase consisted of a review of published literature and patient and 
clinician input.  The quantitative phase comprised of item reduction using factor analysis. 
 
This section provides a synopsis of the results from the mixed methods research.  The study 
design and full findings are in the evidence dossier (Section 2 of the Evidence Dossier). 
 
Concept elicitation interviews 
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Item Reduction 

The 9-item PSI was further revised to remove the item that assessed bleeding after completion of 
the quantitative study in 139 patients with moderate to severe plaque psoriasis.  The rationale for 
removal of the bleeding item from the draft PSI was that bleeding is (in most cases) secondary to 
the core signs and symptoms of plaque psoriasis.  Following the removal of the bleeding item, 
the exploratory principal component analysis (PCA) was conducted which indicated that the 
remaining 8 items (excluding the bleeding item) yielded a more unidimensional measure of the 
severity of plaque psoriasis signs and symptoms.  Overall, the factor loadings for all the 
remaining 8 items were > 0.80, and the total variance explained increased to 71%. Therefore, the 
resulting PSI focused on assessing the severity of eight plaque psoriasis signs and symptoms 
(i.e., itch, redness, scaling, burning, stinging, cracking, flaking, and pain). 

 
Additional cognitive interviews 
The 8-item PSI was debriefed in 10 additional cognitive interviews using a 24-hour recall period.  
The findings showed that patients understood and interpreted the final PSI instructions, item 
stems, response options, and recall period appropriately. 
 
Reviewer comment: In summary, the sponsor has sufficiently established content validity of the 
PSI.  
 

5 OTHER MEASUREMENT PROPERTIES (ITEM PERFORMANCE, 
RELIABILITY, CONSTRUCT VALIDITY, ABILITY TO DETECT CHANGE) 

The measurement properties of the PSI were evaluated in the following three studies:   
 

1. Study 20090619: Stand-alone observational study with exit interviews (n=139) - See the 
Evidence Dossier for details. 

2. Study 20090062: Phase 2 clinical trial (n=186) – See the Evidence Dossier for details. 
3. Study 20120102: Phase 3 clinical trial (n=661)  

 
This section provides a synopsis of the psychometric results from the phase 3 brodalumab study 
(Study 20120102) since this is the only study that used the final 8-item PSI.  The study design 
and population are described in Section C of this review.  The full psychometric findings for all 
three studies are in the evidence dossier (Section 3 of the Evidence Dossier). 

 

Item-level Analyses 
At Baseline, patients used the entire range of the scale when responding to each item with the 
majority of patients reported “moderate” or “severe” experiences across all eight items.  None of 
the items had floor effects (minimum response >25%), with the percentage of individuals 
responding “not at all” for the eight items of the PSI ranging from 0.6% (flaking) to 13.9% 
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Construct Validity 
 
Convergent and Discriminant validity 
Convergent validity was supported by moderate to strong correlation coefficients between the 
PSI total score and the skin-specific DLQI item 1 - “how itchy, sore, painful or stinging has your 
skin been” (0.69 to 0.86), the DLQI symptoms and feelings domain (0.66 to 0.87), and the SF-36 
Bodily Pain domain (-0.58 to -0.61).  Discriminant validity of the PSI total score was supported 
by small to moderate correlation coefficients between the PSI total score and the following 
divergent concepts:  SF-36 role emotional (-0.31 to -0.39), role physical (-0.35 to -0.44), and 
vitality (-0.30 to -0.39) scores. 

 
Known-groups Validity 
The known groups validity was supported by significantly different PSI total scores across 
known PASI groups (< 12 vs ≥ 12; p < 0.001), sPGA groups (0 to 1 vs 2 to 3, vs 4 to 5; p < 
0.001), DLQI groups (≤ 5 vs > 5; p < 0.001), and BSA groups (< 5, 5 to 10, > 10; p < 0.001)was 
supported by significantly different PSI total scores across known PASI groups (<12 vs ≥ 12; p < 
0.001), sPGA groups (0 to 1 vs 2 to 3, vs 4 to 5; p < 0.001), DLQI groups (≤ 5 vs > 5; p < 0.001), 
and BSA groups (< 5, 5 to 10, > 10; p < 0.001). 

Reference ID: 3956413







Clinical Outcome Assessment Review 
Yasmin Choudhry, M.D. 
BLA 761032 
Brodalumab 
Psoriasis Symptom Inventory (Symptom severity) 
 
 

14 
   

7 LANGUAGE TRANSLATION AND CULTURAL ADAPTATION 
The PSI was translated and is linguistically validated in 15 languages to date:  Bulgarian, Czech, 
Dutch (Belgium, Netherlands), English (Australia, Canada, United Kingdom, United States), 
Estonian, French (Belgium, Canada, France, Switzerland), German (Germany, Switzerland), 
Greek, Hungarian, Italian, Latvian, Polish, Russian (Estonia, Latvia, Russia), Slovak, and 
Spanish (Mexico, Spain, United States). 
 
Translations and cultural adaptations of the PSI were conducted in accordance with the methods 
described in the Principles of Good Practice for Translation and Cultural Adaptation, an 
International Society for Pharmacoeconomics and Outcomes Research (ISPOR) Task Force 
Report †. 
 

8 REFORMATTING FOR NEW METHOD OR MODE OF 
ADMINISTRATION 

The PSI was developed for self-administration in pen-and-paper format.  The conceptual and 
measurement equivalence between the paper and electronic versions of the 24-hour recall version 
of the PSI was demonstrated in a qualitative study (Appendix E of PRO evidence dossier). The 
findings from this study support a successful migration of the PSI from paper to electronic 
modes of administrations, specifically the personal digital assistant (PDA).  The subjects’ ability 
to successfully use the electronic version, as well as the consistent confirmation that the 
format changes did not impact the way subjects comprehended the PSI indicated that the 
migration of the PSI from paper to electronic administration was successful. 

9 REVIEW USER MANUAL 
A copy of the PSI user manual is in the PRO evidence dossier.  The user manual includes the 
instrument, instructions for use, and scoring. 

                                                 
† Wild D et al: Multinational trials-recommendations on the translations, approaches to using the same language in 
different countries, and the approaches to support pooling the data: the ISPOR Patient-Reported Outcomes 
Translation and Linguistic Validation Good Research Practices Task Force report. Value Health. 2009;12(4):430-40. 
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Date: June 30, 2016

From: Fred Senatore, MD, PhD, FACC
Medical Officer
Division of Cardiovascular and Renal Products / CDER

Through: Norman Stockbridge, MD, PhD
Division Director
Division of Cardiovascular and Renal Products / CDER

To: Strother D. Dixon, RPM, ODE III, DDDP
Cc: Gary Chiang MD Medical Officer, ODE III, DDDP

Subject: DCRP consult to help DDDP determine the risk of major adverse cardiac 
events (MACE) with the product brodalumab.

This memo responds to your consult to us requesting that we help DDDP determine the 
risk of major cardiovascular adverse events (MACE), defined as cardiovascular death, 
MI, or stroke with the product brodalumab. DDDP stated “based on the 120 day safety 
update data, 23 treatment emergent fatal events were reported in brodalumab subjects 
in the psoriasis subset. The most common deaths among brodalumab subjects were 
Cardiac disorders (8 deaths with at least 4 under acute MI)”. DCRP received and 
reviewed the following materials:

• Your consult request dated April 8, 2016
• BLA 761032 (section 2.4 nonclinical overview; section 2.5 clinical overview)
• REMS Oversight Committee presentation dated April 20, 2016
• MACE statistical analysis of the 120-day safety update data performed by the 

Division of Biometrics #7 received June 8, 2016.
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Background

AstraZeneca submitted a BLA for brodalumab, an IgG monoclonal antibody IL-17A 
receptor inhibitor, for the treatment of moderate to severe plaque psoriasis. Brodalumab 
has also been developed for other indications: rheumatoid arthritis, psoriatic arthritis, 
asthma, and Crohn’s Disease. The drug product binds to the IL-17  receptors and 
therefore increases serum cytokine IL-17A. It is not clear how the increased level of IL-
17A would affect the rates of cardiovascular and cerebrovascular events in the 
presence of impaired binding to the IL-17A receptor.   DDDP was concerned that the 8 
cardiovascular deaths reported in the 120-day safety update in conjunction with 
brodalumab-mediated increases in serum IL-17A levels reflected a risk of MACE with 
brodalumab.

Reviewer’s Comment: A literature search for the role of IL-17A in and the impact of 
interfering with the signaling pathway of this interleukin on cardiovascular disease was 
unrevealing. The role of IL-17A in cardiovascular disease remains poorly understood 
(SU, 2013).

Nonclinical

Brodalumab was administered once weekly to cynomolgus monkeys (study 107714) for 
up to 6 months at NOAEL exposure multiples ranging from 47-111-fold the clinical 
exposure at a 210 mg dose administered q 2 weeks. There were 4 dosing groups: # 1 
(6 male and 6 female) receiving vehicle control; # 2 (4 male and 4 female) receiving 10 
mg/kg/dose; #3 (4 male and 4 female) receiving 25 mg/kg/dose; and #4 (6 male and 6 
female) receiving 90 mg/kg/dose. ECG examinations were conducted pre-dose and 
approximately 72 hours post-dose during study week 1 (study day 4) and study week 25 
(study day 172).  In male monkeys, there were no changes in ECG parameters (RR, 
QRS, PR, QT, and QTc intervals) from pre-dose to both day 4 and day 172 for any 
doses. The mean heart rate, however, increased from a pre-dose of approximately 152 
bpm to 168, 175, and 182 bpm for group # 2, 3, and 4, respectively, on day 4. The 
mean heart rate returned to baseline on day 172. In female monkeys, there were no 
changes in ECG parameters as well as mean heart rate from pre-dose to both day 4 
and day 172. Microscopic changes in the heart after brodalumab treatment at necropsy 
showed evidence of degeneration/necrosis and lymphocytic and macrophage infiltrates 
in one male monkey in the control group, and 3 female monkeys (1 in the control group 
and 2 in group # 4).  

Reviewer Comment: The ECG and histopathology results in the cynomolgus monkey 
model were unremarkable. The significance of what appeared to be a dose-dependent 
increase in heart rate in male monkeys on day 4 is not clear. I did not see a cardiac 
safety signal in this pre-clinical study that may portend cardiovascular risk in the clinical 
program. 
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Clinical Pharmacology

Brodalumab exhibited nonlinear kinetics and an estimated bioavailability of 55% using 
PK modeling meta-analysis. The predicted tmax after subcutaneous administration of 
brodalumab 210 mg was approximately 3 days. Following multiple SC administrations of 
210 mg q 2 weeks, the effective half-life of brodalumab was 11.7 days using the 
accumulation ratio, and 10.9 days using population PK modeling. The median time to 
steady-state was 70 days. After discontinuation of a steady-state dosing regimen of 210 
mg q 2 weeks, population PK simulation predicted that serum brodalumab 
concentrations below the quantification limit in 95% of subjects 63 days after 
discontinuation. Body weight was a significant predictor of brodalumab clearance and 
distribution. 

Reviewer Comment: The PK data appeared to support the dosing of 210 mg q2W.

Clinical

The development program for brodalumab is shown in Figure 1. A total of five 
indications were pursued: psoriasis, psoriatic arthritis, rheumatoid arthritis, asthma, and 
Crohn’s disease involving 23 studies. Across all indications, 5205 subjects received 
brodalumab, representing 5903.7 subject-years. This exposure came from subjects in 
Phase 2 and Phase 3 studies: 20090061 and 20090402 (rheumatoid arthritis), 
20090072 and 20100008 (Crohn’s disease), 20090203 (asthma), 20101227 (psoriatic 
arthritis), 20090062, 20090403, 20120102, 20120103, and 20120104 (psoriasis). 
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Figure 1. Studies supporting the psoriasis indication

Source: Section 2.5 Clinical Overview
Note: study 20060279 under clinical pharmacology is listed twice in this figure because 
it contained healthy subjects and psoriasis patients.

Of the 5205 subjects exposed to brodalumab, 4461 subjects with psoriasis were 
exposed to brodalumab with dosing and duration distributed as follows: 1291 subjects 
(brodalumab 210 mg q2W, 1471.5 subject-years), 279 subjects (brodalumab 140 mg q 
2W, 302.7 subject-years), 2327 subjects (variable dosing unspecified, 3364.6 subject-
years), and 564 subjects (210 mg q 2W after ustekinumab, 310.0 subject-years). 

The patients described in the paragraph above included 1549 subjects who were 
exposed to brodalumab in the Phase 3 pivotal studies. These patients were distributed 
as follows: 476 subjects (brodalumab 210 mg q 2W, 535.3 subject-years), 119 subjects 
(brodalumab 140 mg q2W, 128.2 subject-years), 750 subjects (variable dosing 
unspecified, 966.0 subject-years) and 204 subjects (brodalumab 210 mg q2W after 
ustekinumab, 118.2 subject-years). 

Studies with brodalumab are briefly described:  

Healthy Subjects

Phase 1 Studies:
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• BE/20090480 was a multicenter open label randomized 2-period cross-over trial 
enrolling 141 healthy subjects evaluating a single dose of brodalumab 210 mg SC 
pre-filled syringe vs. Pen bioequivalence. There was one SAE and there were 3 
subjects with elevated creatinine phosphokinase classified as ischemic heart 
disease. A review of ECG data in the cohorts did not reveal a safety signal.

• BE/20130307 was a multicenter open label randomized 2-period crossover trial 
enrolling 80 healthy subjects evaluating brodalumab 210 mg SC pre-filled syringe 
1.5 mL vs 0.5 mL bioequivalence, safety and tolerability. There were no SAEs and 
no events classified as ischemic heart disease. A review of the ECG data did not 
reveal a safety signal.

• PK/20110106 was a single center open label randomized crossover trial enrolling 80 
healthy subjects evaluating brodalumab 140 mg SC investigating auto injector 
devices. There were no SAEs and no ECG safety signal.

• PK/20120337 was a single-center open label 2-period crossover trial enrolling 27 
healthy subjects evaluating brodalumab 140 mg SC single dose on day 1 and day 
22. There were no SAEs and no ECG safety signals.

Rheumatoid Arthritis

Phase 1 Studies

No Phase 1 reported in Rheumatoid Arthritis. 

Phase 1b / 2a Studies:

• PK/20070264 was a multicenter double blind randomized placebo-controlled 
ascending multiple dose trial enrolling 40 subjects with active rheumatoid arthritis 
concurrently treated with methotrexate. Brodalumab doses were 50, 140, 210 mg 
SC q2W for 10 weeks or brodalumab 420 or 700 mg IV q4W days 1 and 29 (2 
doses). There were 3 SAEs (complicated migraine, GI reflux, and non-cardiac chest 
pain). There were no cardiac events. 

Phase 2 Studies

• Efficacy/Safety 20090061 was a multicenter double blind randomized placebo-
controlled multiple dose study in 252 subjects with active rheumatoid arthritis. They 
received brodalumab 70, 140, or 210 mg SC q2W (day 1 to week 10) or placebo. 
The results were negative for efficacy. There were 5 SAEs including 1 fatality. The 
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facility was a 57 year old white female with a history of tobacco abuse, hypertension, 
depression, hyperlipidemia, obesity and multiple concomitant medications. There 
were no ECG abnormalities. She died in her sleep from cardiopulmonary failure. 
None of the other SAEs were cardiac. The ECG database was unremarkable.

• Efficacy/Safety 20090402 was a multicenter open label extension to study 
20090061 in 211 subjects with rheumatoid arthritis, treated with brodalumab 210 mg 
SC q2W (day 1 to week 262) + methotrexate. The study was prematurely terminated 
due to lack of efficacy. There were no reported treat-related serious adverse events. 
There were 8 adverse events, none were cardiac.

Phase 3 Studies

No Phase 3 studies reported in patients with rheumatoid arthritis.

Psoriatic Arthritis

Phase 1 Studies

No Phase 1 studies reported in patients with psoriatic arthritis.

Phase 2 Studies

• Efficacy/Safety 20101227 was a multicenter double blind randomized placebo 
controlled study with an open label extension in 168 subjects with psoriatic arthritis. 
In the double-blind portion, subjects received brodalumab 140 mg or 280 mg SC 
q2W (day 1 to week 10) or placebo. In the open label extension, subjects received 
brodalumab 280 mg SC q2W from weeks 12 to 252. This study is currently ongoing. 
A review of the database as of cut-off January 2015 showed 4 SAEs in the double 
blind period (n=56) in the 140 mg arm, 4 SAEs in the double blind period (n=56) in 
the 280 mg arm and no SAEs in the placebo arm (n=52). All these SAEs were 
classified as infection/infestation (6 SAEs) and neoplasm-breast cancer (2 SAES). 
There were 323 non-serious treatment emergent adverse events in the double blind 
period (84 in the placebo arm, 119 in the 140 mg arm, and 120 in the 280 mg arm).  
Of these, 1 non-serious AE was classified as cardiac (i.e. palpitations) in the 280 mg 
arm. No further information was available on this AE. The CSR did not have 
tabulated ECG data. 

Phase 3 Studies

No Phase 3 studies reported in patients with psoriatic arthritis.
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Asthma

Phase 1 Studies

No Phase 1 studies were reported in patients with asthma.

Phase 2 Studies

• Efficacy/Safety 20090203 was a multicenter double blind randomized placebo-
controlled dose ranging study in subjects with inadequately controlled asthma. 
Subjects were randomized to receive placebo or brodalumab 140, 210, or 280 mg 
SC q2W (day 1 to week 10). The results showed no efficacy. There were 7 SAEs (1 
on placebo {n=76}, 3 on 140 mg {n=74}, 1 on 210 mg {n=76}, 2 on 280 mg {n=76}). 
These were classified as infectious. There were no cardiac SAEs. Of 140 non-
serious AEs, 1 was classified as cardiac (i.e. palpitations) in the 210 mg arm. No 
further information was available on this AE. A review of the ECG data (i.e. various 
intervals) was unrevealing.

Phase 3 Studies

No Phase 3 studies reported in patients with asthma.

Crohn’s Disease

Phase 1 Studies

No Phase 1 studies reported in patients with Crohn’s disease. 

Phase 2 Studies

• Efficacy/Safety 20090072 was a multicenter double blind randomized placebo 
controlled trial in 130 subjects with Crohn’s disease. Subjects were randomized to 
brodalumab 210, 350, or 700 mg IV (day 1 to week 4) in a study that was planned 
for 12 weeks. The study was terminated due to lack of efficacy. There were 2 SAEs 
in 2 subjects on placebo, 5 SAEs in 3 subjects at the 210 mg dose, 18 SAEs in 5 
subjects at the 350 mg dose, and12 SAEs in 7 subjects at the 700 mg dose. All the 
SAEs were gastrointestinal related to Crohn’s disease. There were no reported 
cardiac SAEs.

• Efficacy/Safety 20100008 was a multicenter open label extension to study 
20090072 in 67 subjects with Crohn’s disease. They were scheduled to receive 

Reference ID: 3953124



8

brodalumab 350 mg IV q4W (day 1 to week 128) but the study was terminated due 
to lack of efficacy. There were 15 SAEs but no fatalities. The SAEs were related to 
Crohn’s disease. There were no reported cardiac SAEs.

Phase 3 Studies

No Phase 3 studies reported in patients with Crohn’s disease.

Moderate to Severe Plaque Psoriasis

Phase 1 Studies

• PK/20060279 was a Part A (healthy subjects, n=58) / Part B (stable psoriasis, n=26) 
multicenter randomized double-blind placebo-controlled ascending single dose study 
evaluating brodalumab at 7, 21, 70, 210 or 420 mg SC. There were no clinically 
significant adverse events and no ECG based safety signal.

• PK/KHK 4827-001 was a two-part study. Part A was a multicenter randomized 
single blind placebo-controlled single ascending dose study. Brodalumab at doses of 
70,140, 210, or 420 mg SC or brodalumab 210 mg IV were administered to healthy 
males (n=40).  Part B was a multicenter open label non-controlled ascending single-
dose study. Brodalumab at doses of 140 or 350 mg SC were administered to 
subjects with psoriasis (male or female not specified, n=13). There were no SAEs. 
There were no cardiac adverse event reports and the ECGs were normal.

• DDI/PK/20110184 was a multicenter open label single dose study of 21 subjects 
with psoriasis evaluating the interaction between brodalumab 210 mg SC single 
dose with midazolam. In a separate cohort, brodalumab 140 mg SC single dose was 
evaluated in 10 subjects with psoriasis. There were no SAEs and no ECG signal. 

Phase 2 Studies

• Efficacy/Safety 20090062 was a multicenter randomized double-blind placebo 
controlled multiple dose trial of 198 subjects with psoriasis receiving brodalumab at 
doses of 70, 140, or 210 mg SC q2W (day 1 to week 10) or brodalumab 280 mg SC 
q4W (day 1 and weeks 4 and 8) or placebo q2W (day 1 to week 10). There were 3 
SAEs (neutropenia, renal colic, and ectopic pregnancy). There were no ECG 
abnormalities or cardiac disorders.

• Efficacy/Safety 20090403 was a multicenter open label extension of study 
20090062.  There were 181 subjects receiving brodalumab 210 mg SC q2W (week 0 
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to week 358). Subjects < 100 kg had doses decreased to 140 mg. If response was 
inadequate, a rescue dose of 210 mg was permitted. Most subjects had a treatment 
emergent adverse event (n=171 of 181). There were 20 serious adverse events in 
15 subjects with 3 SAEs classified as cardiac (atrial fibrillation, congestive heart 
failure, and supraventricular tachycardia). There was one fatality (subject 
96266006016) due to rupture of an abdominal aortic aneurysm. The 3 cardiac SAEs 
are briefly described:

o The subject experiencing atrial fibrillation was a 63 year old white female who 
had a pre-existing history of atrial fibrillation and experienced a worsening of 
this condition, requiring admission to a hospital to control the ventricular rate. 
The ECG on admission was a-flutter with a 2:1 block.

o The subject with supraventricular tachycardia (SVT) was a 51 year old white 
female who had a pre-existing history of SVT. The SVT event occurred while 
the subject was hospitalized for a common bile duct stone. Initial vagal 
maneuvers did not resolve the SVT but later in the hospitalization, it was 
reported to have resolved.

o The subject with congestive heart failure was a 30 year old (difficult to read 
the subject’s age because of smudge in the screen and printed image) white 
female who experienced congestive heart failure in the setting of 
streptococcal necrotizing fasciitis with septic shock and aggressive fluid 
management. The heart failure resolved. 

• Efficacy/Safety KHK 4827-002 was a multicenter double blind randomized placebo-
controlled trial of 151 Japanese subjects with psoriasis receiving placebo or 
brodalumab at doses of 70, 140, or 210 mg SC q2W (weeks 0 to 10). There was 1 
myocardial infarction in the 70 mg arm as the only cardiac event. This was a 69 year 
old male with a history of tuberculosis and a long history of smoking who 
experienced myocardial infarction. The patient underwent PCI with stent placement. 
There was no other history.

Supportive Phase 3 Studies

• Efficacy/Safety KHK 4827-003 was an open label completion of the Phase 2 study 
KHK 4827-002 involving 145 of the original 151 Japanese subjects. The subjects in 
this study were those who did not experience a treatment-related serious adverse 
event that led to discontinuation from the previous study. Therefore, this was an 
enriched population. Subjects in this study were treated with brodalumab 140 mg or 
210 mg SC q2W (weeks 0 to 50). This study was supportive of efficacy showing 
positive results as measured by Psoriasis Area Severity Index (PASI) score. In 
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addition to the single myocardial infarction reported in the double blind -002 Phase 2 
study, there were 2 additional cardiac events both on placebo: palpitations and 
supraventricular extrasystoles. It is not clear if these occurred in the same patient.

• Efficacy/Safety KHK 4827-004 was an open label study of 30 Japanese subjects 
with pustular psoriasis  or psoriatic erythroderma, treated with brodalumab 140 or 
210 mg SC q2W (weeks 0 to 50). The results of this trial supported efficacy for 
brodalumab using the primary endpoint Clinical Global Impression, with a score of 
“improved” or “remission” in 29 of the 30 subjects. There was no top-line data on 
dose response. A total of 28 subjects experienced an adverse event, 5 were serious 
(none were cardiac). There was one cardiac non-serious adverse event report of 
ventricular extrasystoles. 

Reviewer Comment: At this point of the review that included all except the 3 pivotal 
phase 3 trials to support the psoriasis indication, I did not see a risk of major adverse 
cardiac events from both the non-clinical program and the clinical program for the 5 
indications. The next three Phase 3 studies that formed the basis of the BLA for the 
psoriasis indication are described in more detail herewith.

Pivotal Phase 3 Studies

Three Phase 3 pivotal clinical trials serving as the basis of efficacy for the psoriasis 
indication were AMAGENE-1 (study 20120102), AMAGINE-2 (study 20120103) and 
AMAGINE-3 (study 20120104). All three studies were conducted simultaneously:

• AMAGENE-1: initiated August 29, 2012 and cut-off date March 12, 2014
• AMAGENE-2: initiated August 22, 2012 and cut-off date September 22, 2014
• AMAGENE-3: initiated September 11, 2012 and cut-off date August 30, 2014

At the initial design of the Phase 3 trials, an independent Data Monitoring Committee 
was established and a charter was approved to review unblinded data for the entire 
phase 3 program. A Cardiovascular Events Committee (CEC) (Duke Clinical Research 
Institute) was also deployed to adjudicate any major adverse cardiac event that could 
be reported as per the CEC charter.

Reviewer Comment: The rationale for the establishment of a CEC was not made clear 
in the BLA package. There were no indications from the preclinical and early clinical 
studies that there was a risk of cardiovascular events. I believe that concerns about 
serum IL-17A elevations as a mechanistic pathway towards adverse cardiac events was 
hypothetical based on published studies, thus prompting the establishment of a CEC. 
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All of the Phase 3 pivotal psoriasis studies included a placebo-controlled double-blind 
12-week induction phase followed by a double-blind maintenance phase of 40 weeks 
totaling 52 weeks. Following 52 weeks, there was an open-label label long term 
extension of up to 271 weeks. For all 3 studies, there was a re-randomization at the 
week 12 visit. Original and re-randomized treatment assignments remained blinded until 
all subjects reached week 52 or withdrew from the study.

AMAGENE-1

The design of the AMAGENE-1 study is shown in Figure 2. Subjects were randomized 
1:1:1 to receive study drug (brodalumab 210 mg, brodalumab 140 mg, or placebo) SC 
q2W with an additional loading dose at week 1. At week 12, subjects originally 
randomized to either of the brodalumab arms who had success as defined by the static 
Physician’s Global Assessment (sPGA-score 0 or 1) were re-randomized to placebo or 
continued brodalumab at their induction dose. This was called the withdrawal and 
retreatment phase in order to determine the effect of withdrawal on sPGA. Placebo 
subjects and subjects who did not qualify for re-randomization based on sPGA were 
assigned to brodalumab 210 mg q2W (i.e., not re-randomized). Re-randomized subjects 
who had a return of the disease (sPGA > 3) from week 16 through week 52 initiated 
retreatment at the original induction dose. After 12 weeks of re-treatment, subjects with 
inadequate response (sPGA > 3 or persistent score of 2 over a 4 week period) could 
qualify for rescue treatment with brodalumab 210 mg q 2W.

A total of 661 subjects were randomized to AMAGENE-1 (222 to brodalumab 210 mg 
q2W, 219 to brodalumab 140 mg q2W, and 220 to placebo). Most subjects were white 
males with a mean age of 46 years. During the 12 week induction phase, 33 subjects 
discontinued from the study. At week 12, 628 subjects entered the withdrawal phase; 
283 subjects were re-randomized and 345 were not re-randomized. Fifty-five non re-
randomized subjects and 7 re-randomized subjects discontinued from the study during 
the withdrawal phase, and 149 subjects entered the re-treatment phase. An additional 6 
subjects discontinued the study during the re-treatment phase and 2 subjects 
discontinued during the rescue phase. A total of 558 subjects continued in the open 
label extension after week 52. Sometime between week 12 and week 52, the placebo 
subjects (n=12) received brodalumab, but the timing of this was not displayed. 

The results of AMAGENE-1 demonstrated efficacy as measured by Psoriasis Area 
Severity Index (PASI).
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Figure 2. AMAGENE-1 (Study 20120102) Design

Source: Applicant’s eCTD Module 2.5, Figure 2

AMAGENE-2 and AMAGENE-3

The design of AMAGENE-2 and AMAGENE-3 were the same and is shown in Figure 3. 
Subjects were randomized 2:2:1:1 to receive brodalumab 210 mg q2W, brodalumab 
140 mg q2W, ustekinumab 45 mg for subjects < 100 kg and 90 mg for subjects > 100 
kg at week 1 and week 4, and placebo during the 12 week induction period with an 
additional loading dose at week 1. At week 12, subjects received maintenance 
treatment as follows:

• Subjects originally randomized to any brodalumab were re-randomized to receive 
brodalumab 210 mg q2W, 140 mg q2W, 140 mg q4W, or 140 mg q8W.

• Subjects originally randomized to ustekinumab continued to receive 
ustekinumab.

• Subjects originally randomized to placebo were assigned to brodalumab 210 mg 
q2W.
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Rescue treatment with brodalumab 210 mg for inadequate response could occur at 
week 16 for all poor-responders, including those on ustekinumab. After week 16 through 
week 52, subjects on brodalumab were rescued with brodalumab 210 mg q2W. 
Subjects on ustekinumab remained on ustekinumab. At week 52, subjects originally 
randomized to ustekinumab were assigned to brodalumab 210 mg q2W. All other 
subjects continued on their maintenance treatment.

For AMAGENE-2, a total of 1831 subjects (induction phase: 309 placebo, 300 
ustekinumab, 610 brodalumab 140 mg q2W, and 612 brodalumab 210 mg q2W) were 
randomized. Most subjects were white males with a mean age of 45 years. At week 12, 
1760 subjects entered the maintenance phase (re-randomized subjects: 334 
brodalumab 210 mg q2W, 337 brodalumab 140 mg q2W, 335 brodalumab 140 mg q4W, 
and 168 brodalumab 140 mg q8W; non-re-randomized subjects: 289 
ustekinumab/ustekinumab and 297 placebo/brodalumab 210 mg q2W). Twenty-nine 
non-randomized subjects and 44 re-randomized subjects discontinued during the 
maintenance phase. A total of 833 subjects were rescued through week 52. A total of 
1601 subjects continued in the open label extension after week 52. 

For AMAGENE-3, a total of 1881 subjects (induction phase: 315 placebo, 313 
ustekinumab, 629 brodalumab 140 mg q2W, and 624 brodalumab 210 mg q2W) were 
randomized into the study. Most subjects were white males with a mean age of 45 
years. At week 12, 1799 subjects entered the maintenance phase (re-randomized 
subjects: 324 brodalumab 210 mg q2W, 343 brodalumab 140 mg q2W, 341 brodalumab 
140 mg q4W, and 174 brodalumab 140 mg q8W; non-re-randomized subjects: 301 
ustekinumab/ustekinumab and 298 placebo/brodalumab 210 mg q2W). Twenty-nine 
non-re-randomized subjects and 32 re-randomized discontinued during the 
maintenance phase. A total of 827 subjects were rescued through week 52. A total of 
1656 subjects continued in the study after week 52.

The results of both studies demonstrated efficacy as measured by Psoriasis Area 
Severity Index (PASI).
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Figure 3. AMAGENE-2 (study 20120103) and AMAGENE-3 (study 20120104) designs

Source: Applicant’s eCTD module 2.5, Figure 3

Major Adverse Cardiac Events in all studies

The number of MACE in the first 12 weeks of the three placebo-controlled double blind 
pivotal trials is shown in Table 1. There were only 3 events (2 myocardial infarctions and 
1 stroke) in the brodalumab 140 mg q2W arm. 
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Table 1. Occurrence of MACE through initial 12 weeks in 3 Phase-3 placebo controlled trials

Brodalumab

Type of MACE

Placebo
(N=842)

n (%)

Ustekinumab
(N=613)

n (%)

140 mg q2W
(N=1452)

n (%)

210 mg q2W
(N=1456)

n (%)

All
(N=2908)

n (%)
Numbers of 
subjects reporting 
MACE

0 0 3 (0.2) 0 3 (0.1)

Cardiovascular 
deaths 0 0 0 0 0

Myocardial 
Infarction 0 0 2 (0.1) 0 2 (0.1)

Stroke 0 0 1 (0.1) 0 1 (<0.1)
Source: REMS Oversight Committee Presentation April 20, 2106, same in eCTD 
section 2.7.4 Summary of Clinical Safety

Between weeks 12 and 52, there were substantial numbers of subjects who were not 
re-randomized or who were rescued, thereby raising a question about the integrity of 
the double-blindness during the maintenance phase of the pivotal phase 3 programs. 
After week 52, the exposure to brodalumab dropped considerably. Of the original 4461 
subjects with psoriasis exposed to brodalumab, only 166 continued to be exposed for 2 
years or greater. The exposure dropped from 122 at month 48 to zero at 60 months 
from trial initiations (section 2.7.4 summary of clinical safety-table 10). 

A review of adjudicated MACE from the database listed 9 adjudicated cardiovascular 
deaths. A listing of these subjects, including the induction dose, number of doses and 
dosing sequence, and time between last dose and death, are shown in Table 2. The 
subjects’ ages ranged from 24 to 75 years (mean age 51.8 years). Six of the nine 
cardiovascular deaths were adjudicated as sudden death (5 on brodalumab and 1 on 
ustekinumab).  The number of brodalumab doses received before sudden death, 
summed from induction, maintenance, and rescue phases, ranged from 8 to 32. The 
duration of time between the last dose of brodalumab and sudden death ranged from 0 
to 87 days. One subject on ustekinumab experienced sudden death after 2 doses of 
ustekinumab. The time from last dose of ustekinumab to sudden death was 13 days.
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Table 2. List of adjudicated cardiovascular deaths

Study # Subj ID Age

(years)

Sex Cause of Death Drug: Induction 
Dose

# Induction 
Doses and 

Dosing Sequence

Time 
between  last 

dose and 
death (days)

20120102 10266009012 71 M Stroke B: 210 mg q2W 7 rerandomized 
to P: 6 doses  
resumed B: 9 
doses

20120102 10266042001 75 M Sudden Death B: 210 mg q2W 7 rerandomized 
to B: 8 doses

20120103 10311001011 39 M Stroke B: 210 mg q2W 7 (no re-
randomization)

20120103 10348006032* 40 M -------- B: 140 mg q2W 7 rerandomized 
to B  140 mg 
q8W: 5 doses  
rescued with B 
210 mg: 5 doses

20120103 10366053011 60 M Sudden Death U 2

20120103 10366084031 24 F Sudden Death P 7  assigned to B 
210 mg: 8 doses

20120104 10448006003 54 M Sudden Death B: 210 mg q2W 7 rerandomized 
to B  140 mg 
q8W: 1 dose  
rescued with B 
210 mg: 24 doses

20120104 10466046008 66 M Sudden Death B: 140 mg q2W 7 rerandomized 
to B 210 mg:  14 
doses

20120104 10466068006 37 M Sudden Death B: 210 mg q2W 7 rerandomized 
to B  140 mg 
q4W: 1 dose  
rescued with B 
210 mg: 7 doses

Source: Reviewer analysis of database; B = brodalumab; P = placebo; U =ustekinumab
*Subject 10348006032 was documented in the database to have an adjudicated sudden cardiac death but was not 
listed in the ISS as a death. Further investigation of the database showed that this subject had 4 SAEs: 3 psoriasis 
exacerbations and 1 liver-toxicity, all resolved. There was a discrepancy in the BLA database regarding this subject. 
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In addition to psoriasis, the medical histories of those subjects adjudicated to have had 
a cardiovascular death are as follows:

• Subject 10266009012: 71 year old white male with a history of hypertension, 
arrhythmia, hypothyroidism, sleep apnea, and a 50 pack-year smoking history. 
The subject died of a stroke. The time from last dose of brodalumab to death was 

days.

• Subject 10266042001: 75 year old white male with a history of hypertension, 
hypercholesterolemia, diabetes mellitus, obesity, left bundle branch block and 
coronary artery disease with coronary bypass surgery. The subject experienced 
sudden death at home. Efforts to revive him were unsuccessful. There was no 
autopsy. The time from last dose of brodalumab to death was  

).

• Subject 10311001011: 39 year old white male with a history of alcohol abuse, 
anxiety, depression, psychological disorders-unspecified and psoriatic arthritis. 
The subject died of a stroke. The time from last dose of brodalumab to death was 

 days.

• Subject 10348006032: 40 year old white male with a history of tobacco abuse 
and alcohol abuse. Although the database documented this patient to have an 
adjudicated sudden death,  the subject listing in the ISS described this subject as 
having exacerbation of psoriasis and liver toxicity, all resolved. There is a 
discrepancy in the database.

• Subject 10366053011: 60 year old white male with a history of arthritis, 
myocardial infarction, congestive heart failure, and hypercholesterolemia. The 
subject experienced sudden death at home while with his wife. Emergency 
medical services were unable to resuscitate him. There was no autopsy. The 
time from last dose of ustekinumab to death was  days.

• Subject 10366084031: 24 year old white female with a history of depression, 
anxiety, insomnia, alcohol abuse, seizure disorder, personality disorder, and drug 
abuse. She had flu like symptoms and lower back pain before sudden death. On 
autopsy, her blood was positive for only antihistamine and negative for commonly 
abused drugs. Physical findings included petechiae and Tardieu type spots 
(ecchymoses that follow death by strangulation or suffocation) on the face, neck 
and upper chest.  There were no anatomical findings. The cause of death was 
listed as undetermined. The time from last dose of brodalumab to death was  
days.
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• Subject 10448006003: 54 year old white male with a history of hypertension, 
hypercholesterolemia, and hiatal hernia. The subject experienced sudden death 
at home. No autopsy was performed. The time from last dose of brodalumab to 
death was  days.

• Subject 10466046008: 66 year old white male with a history of hypertension, 
diabetes mellitus type 2, and 15-pack year smoking history. The subject 
experienced sudden death in his sleep. No autopsy was performed. The time 
from last dose of brodalumab to death was  days.

• Subject 10466068006: 37 year old white male with a history of hyperlipidemia, 
type 2 diabetes mellitus, morbid obesity (464 pounds), past smoker (pack-years 
unknown), gastric esophageal reflux disease, chronic obstructive pulmonary 
disease, migraines, disc herniation, and poor dentition. The subject developed 
new onset atrial fibrillation and discontinued participation from the study. The 
subject experienced sudden death at his home determined to be caused by 
cardiomyopathy. The time from last dose of brodalumab to death was  days.
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The high number of sudden deaths in relatively young subjects raised concern about 
drug causality. The medical histories of subjects who had sudden death contained 
cardiac disorders including cardiac arrhythmia, cardiac disease with history of previous 
MI and heart failure, cardiac risk factors portending cardiovascular disease, and seizure 
disorder that may have contributed to sudden death. There was also an implication of 
possible suicide in the 24 year old WF. The high variability in both the number of 
brodalumab doses and the duration of time from the last dose of brodalumab to the time 
of cardiovascular death, including sudden death, made assessment of drug causality 
difficult. 

A review of adjudicated MACE from the database listed 21 adjudicated myocardial 
infarctions. A listing of these subjects, including a brief medical history, the induction 
dose, number of doses and dosing sequence, and time between last dose and MI, are 
shown in Table 3 located in the Appendix of this document. The subjects’ ages ranged 
from 37 to 70 years (mean age 57.2 years). The number of brodalumab doses received 
before MI, summed from induction, maintenance, and rescue phases, ranged from 4 to 
31. One subject on ustekinumab experienced an MI after 3 doses. The duration of time 
between the last dose of brodalumab and MI ranged from 0 to 13 days. The time from 
last dose of ustekinumab to MI was 68 days. None of the MI events reported arrhythmic 
complications, and all were associated with coronary artery disease. 

In general, the subjects who sustained an MI had a medical history that predisposed 
them to this event. However, in the case of a 38 y/o WM with no previous medical 
history except psoriasis (subject 10266012007), there was a low probability that he 
would have sustained an MI. However, diagnostic angiography revealed 2-vessel 
disease. This subject may have had silent coronary artery disease.

The high variability in both the number of brodalumab doses and the duration of time 
from the last dose of brodalumab to the time of myocardial infarction made assessment 
of drug causality difficult.

The exposure-adjusted rate of MACE in brodalumab-exposed subjects, defined as the 
total number of subjects who experienced MACE (from day 1 to the end of follow-up) 
divided by the duration of exposure x100, was 0.6 per 100 subject-years. This number 
was similar to that found in a systematic review of psoriasis and MACE (Armstrong, 
2013). 

DCRP Comments
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• Data from both preclinical and clinical studies for other potential indications: 
rheumatoid arthritis, psoriatic arthritis, asthma, and Crohn’s disease, did not 
show a cardiovascular safety signal suggesting a risk of MACE with brodalumab. 
Non-pivotal supportive psoriasis trials also did not show a risk of MACE with 
brodalumab.

• A review of hemodynamic parameters in the pivotal phase 3 psoriasis program 
(i.e. blood pressure, heart rate) revealed no notable changes that portended an 
increase in cardiovascular risk. Data from hemodynamic tables from all three 
phase 3 psoriasis trials showed systolic blood pressures in the 120 mmHg range 
and diastolic blood pressures in the 80 mmHg range throughout the course of the 
study at the pre-specified timepoints of measurement. Similarly, pulse rates were 
maintained in the range of 70 beats per minute.

• In the three pivotal studies for the psoriasis indication, the 12-week induction 
period was the only phase of these studies where a double-blind comparison 
could be made between two doses of brodalumab, active comparator 
(ustekinumab) and placebo. In this phase, there were only 3 MACE events in the 
lower dosing arm of brodalumab (140 mg q2W). The number of events was 
insufficient to draw a conclusion about the risk of MACE with brodalumab. 

• Beyond the 12-week induction period, there was significant unblinding due to 
non-rerandomization assignments and rescue. Beyond 52 weeks in the open 
label extension period, there was considerable reduction in the number of 
subjects reported to continue in the trial. This compromised the analysis of 
MACE between brodalumab and comparators beyond 12 weeks. The high 
variability in the number of brodalumab doses, and the duration of time from the 
last dose of brodalumab to the time of MACE made assessment of drug causality 
difficult. In my opinion, lumping all the MACE occurrences in this setting for the 
purpose of evaluating drug-related risk was uninformative.

• The exposure-adjusted incidence rate of MACE in brodalumab-exposed subjects 
for the entire follow-up period (i.e. 266 weeks based on the original design of the 
studies) was 0.6 per 100 subject-years. A systematic review and meta-analysis 
of observational studies of mild to severe psoriasis and MACE was conducted by 
Armstrong et al (2013). Nine studies were examined, representing a total of 
201,239 patients with mild psoriasis and 17,415 patients with severe psoriasis. 
The incidence rate of myocardial infarction for mild and severe psoriasis ranged 
from 0.17 to 0.4 per 100 subject-years and the incidence of cardiovascular 
mortality for severe psoriasis ranged from 0.3 to 1.6 per 100 subject-years. In the 
same meta-analysis, the incidence of stroke for mild and severe psoriasis ranged 
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from 0.4 to 0.5 per 100 subject-years for patients with mild psoriasis, and 0.6 to 
0.7 per 100 subject-years for patients with severe psoriasis. The authors of the 
meta-analysis concluded that mild-severe psoriasis was associated with an 
increased risk of myocardial infarction and stroke. Severe psoriasis was also 
associated with an increased risk of cardiovascular mortality. The incidence rate 
of MACE in brodalumab-exposed patients with moderate to severe psoriasis was 
similar to that found in the meta-analysis. Other studies have suggested an 
association between psoriasis and cardiovascular disease based on similar 
pathology and mechanistic links between these two diseases (Golden, 2013). 
Based on this, I could not conclude that the occurrences of MACE in the pivotal 
phase 3 trials were attributable to brodalumab. 

• The assessment of sudden death in 6 of the 9 adjudicated cardiovascular deaths 
listed in the database (5 on brodalumab and 1 on ustekinumab) was concerning, 
especially when the subjects who died were young. A thorough review of the 
patient records showed histories of cardiovascular disease, including risk factors 
for cardiac disease that could have contributed to an arrhythmic sudden death. 
My investigation of the relationship between psoriasis and sudden death led to a 
study by Simsek et al. (2013) who evaluated P-wave dispersion (PWD) and QT 
dispersion (QTD) in patients with psoriasis. PWD is an ECG marker used to 
evaluate the risk of atrial arrhythmias. QTD can be used to assess homogeneity 
of cardiac repolarization and may be a risk for ventricular arrhythmias. The 
authors concluded that both PWD and QTcD (QTD corrected by Bazett’s 
formula) were increased in psoriasis patients compared to healthy subjects. 
These markers, however, have not been clinically correlated to arrhythmic 
events. In the brodalumab trials, a thorough QT/QTc analysis was not performed. 
The Phase 1 data showed no relationship between QT, QTcF (QT interval 
corrected using Fridericia’s formula) and serum brodalumab levels over a range 
of concentrations from 50 to 300,000 ng/mL (studies 20060279 and 20070264). 
Based on 1) the medical history of the subjects who had sudden death, 2) the 
suggestion that patients with psoriasis might be at risk for arrhythmias, and 3) no 
noted brodalumab-mediated ECG repolarization abnormalities in the phase 1 
studies, I could not conclude that brodalumab caused sudden death.

DCRP Conclusion

Evidence from the brodalumab development program does not establish an elevated 
risk of MACE, and the risk of MACE should not influence regulatory decision making. 
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Appendix

 
Table 3 Description of Subjects adjudicated to have experienced a Myocardial Infarction

Study # Subj ID Brief Medical History other than 
Psoriasis

Drug: Induction 
Dose

# Induction 
Doses and 

Dosing Sequence

Time between 
MI and last 
dose (days)

20120102 10216007023 65 y/o WM w/ho HTN, obesity, 
T2DM, CKD, diabetic neuropathy, 
COPD, GERD, TIA, vitamin B12 
deficiency, renal lithiasis.

B: 210 mg q2W 7 rerandomized 
to P: 3 doses  
resumed B: 19 
doses

20120102 10266012007 38 y/0 WM, with no medical 
history, experienced angina. 
Angiography showed 2-vessel CAD 
and had PCI/stent.

P 7 assigned to B: 
11 doses

20120102 10266018008 57 y/o WM w/ho HTN, CAD with 
h/o stent placement, DM. 

B: 210 mg q2W 7 rerandomized 
to B 210 mg: 4 
doses 

20120102 10266048003 61 y/o WM w/ho HTN, PVD, 
hyperlipidemia, T2DM, diabetic 
neuropathy, COPD, 2 pk per day 
smoking (duration unknown).

P 7 assigned to B: 
4 doses

20120103 10348008015 66 y/o WM w/ho CAD, CABG, HTN, 
hyperlipidemia, obesity.

B: 140 mg q2W 7 rerandomized 
to B: 140 mg 
q4W: 3 
doses rescued 
with B: 19 doses

20120103 10348009002 65 y/o WM w/ho HTN, 
ARRYTHMIA, AAA, right iliac artery 
aneurysm, T2DM, kidney stones, 
thyroid goiter.

B: 140 q2W 7 rerandomized  
to B 140 mg 
q4W: 4 doses

20120103 10348009044 62 y/o WM w/ho suspected MI, 
syncope, ACS, HTN.

B: 140 mg q2W 7 rerandomized 
to B  240 mg: 24 
dose

20120103 10366024010 50 y/o WM w/ho RBBB, HTN, 
tobacco abuse.

U Remained on 
ustekinumab

20120103 10366037005 59 y/o WM w/ho obesity, sleep 
apnea, GERD, anxiety, restless leg 
syndrome.

B: 140 mg q2W 7 rerandomized 
to B  140 mg 
q8W: 2 doses

Reference ID: 3953124
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20120103 10366059017 59 y/o WM w/ho HTN, obesity. B: 140 mg q2W 7 rerandomized 
to B 210 mg: 19 
doses

20120103 10366064006 57 y/o WM w/ho HTN, arrhythmia, 
atrial fibrillation, COPD, CAD, 
CABG, morbid obesity.

B: 140 mg q2W 6

20120103 10366069004 37 y/o (“race other”) M w/ho 
hyperlipidemia, HTN, arrhythmia, 
CAD, palpitations, syncope, angina, 
smoker. 

B: 210 mg q2W 7 rerandomized 
to B 140 mg 
q8W: 1 dose  
rescued with B: 
11 doses 

20120103 10366081012* 56 y/o WF w/ho HTN, angina 
pectoris, CHF, CAD, MI, 
hypercholesterolemia, T2DM, 
anxiety.

B: 210 mg q2W 7 rerandomized 
to B 140 mg 
q4W: 1 dose  
rescued with B: 4 
doses

20120104 10448008028 51 y/o W with h/o HTN, impaired 
glucose tolerance, 15 pack year 
history smoking.

B: 210 mg q2W 6 rerandomized 
to B: 140 mg 
q2W: 18 doses

20120104 10448019023 63 y/o WM w/ho HTN. P 7 assigned to B: 
17 doses

20120104 10466013008 58 y/o WM w/ho 
hypercholesterolemia, HTN, 
obesity, hyperlipidemia, tobacco 
abuse, remote h/o cocaine.

B: 140 mg q2W 7 rerandomized 
to B: 140 mg 
q2W: 3 doses  
rescued with B: 
11 doses

20120104 10466029002 46 y/o WM w/ho HTN, migraines, 
paresthesia, alcohol abuse, 
smoking. Angiography showed 99% 
RCA lesion stent placed.

B: 140 mg q2W 4

20120104 10466031002 57 y/o WM w/ho MI, obesity, HTN, 
smoking, alcohol abuse.

B: 210 mg q2W 6 rerandomized 
to B: 140 mg 
q4W: 3 doses  
rescued with B: 9 
doses

20120104 10466046012 70 y/o WF w/ho HTN, anxiety, 
dyspepsia, chronic back pain, 
migraine..

B: 140 mg q2W 7 rerandomized 
to B: 210 mg: 23 
doses

20120104 10466052003 63 y/o WM w/ho HTN, 
hyperlipidemia, T2DM, peripheral 
neuropathy, cerebral ischemia, 

B: 140 mg q2W 7 rerandomized 
to B: 210 mg: 18 
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cerebral atrophy, past alcohol 
abuse.

doses

20120104 10466054010 61 y/o WM w/ho HTN, 
hypercholesterolemia, anxiety, 
depression, GERD, obesity, past 
smoker.

B: 140 mg q2W 7 rerandomized 
to B: 140 mg 
q4W: 2 doses

Review of database; AAA = abdominal aortic aneurysm; ACS: acute coronary syndrome; B = brodalumab; CABG: 
coronary artery bypass graft; CAD =coronary artery disease; CHF = congestive heart failure; CKD =chronic kidney 
disease; COPD =chronic obstructive lung disease; GERD: gastro-esophageal reflux disease;  HTN =hypertension; P = 
placebo; PVD = peripheral vascular disease; RBBB = right bundle branch block; RCA =right coronary artery; T2DM 
=type 2 diabetes mellitus; U =ustekinumab; WF = white female; WM =white male; w/ho = with history of..;
*Subject 10366081012 was adjudicated to have a myocardial infarction but the ISS listing specified atrioventricular 
block as the SAE rather than an MI. There was a discrepancy in the database regarding this subject.
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