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ABSTRACT 

Introduction: Psoriasis, an immune-mediated disease that manifests cutaneously with possible 
arthritic complications, affects millions of people in the United States and worldwide. Depression and 
suicidal ideation and behavior (SIB) are two prevalent comorbidities associated with psoriasis, due to 
the chronic nature of the disease, lack of a cure, as well as social stigma, all of which are detrimental 
to quality of life. Among the options available for management of moderate-severe psoriasis, 
apremilast and brodalumab represent recent additions to the therapeutic armamentarium for 
managing psoriasis. It has been suggested that the aforementioned drugs can lead to depression and 
possibly increase the risk for SIB. Furthermore, a black box warning was issued for brodalumab. This 
review challenges opinions that the drugs are solely responsible for exacerbating depression and SIB, 
when in fact it could be psoriasis itself. 
 
Methods: An extensive search of available literature linking cytokines to suicidal behavior was 
performed. After filtering for relevance, 22 articles were reviewed in detail. 
 
Results: Brodalumab and apremilast, both molecularly and clinically, do not objectively increase the 
risk for depression and/or suicidal ideation and behavior. 
 
Conclusion: After careful review of the appropriate studies and relevant literature, patients with 
moderate-severe psoriasis, including those that experience depression resulting from their chronic 
condition, would likely benefit from early, rather than delayed initiation of effective medications like 
apremilast and brodalumab. The speed of response and high level of efficacy of brodalumab make it 
an ideal intervention for patients suffering depression caused by their psoriasis. 
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Psoriasis, an immune-mediated disease that 
manifests as itchy, red scaling plaques 
along with possible arthritic complications, 
affects 8 million people in the United States, 
and upwards of 3% of the worldwide 
population.1 Depression and suicidal 
ideation and behavior (SIB) are two 
prevalent comorbidities associated with 
psoriasis due to the chronic nature of the 
disease, lack of a cure, as well as the social 
stigma, all of which are detrimental to quality 
of life. Among the options available for 
management of moderate-severe psoriasis, 
apremilast, which targets 
phosphodiesterase-4 (PDE4), and 
brodalumab, which targets interleukin-17 (IL-
17) receptor A, represent recent additions to 
our therapeutic armamentarium for 
managing psoriasis. Brodalumab has a 
faster onset when compared to other 
monoclonal antibodies indicated for 
psoriasis.2 This faster onset is important, in 
terms of more efficiently decreasing disease 
burden and alleviating treatment 
dissatisfaction, a problem that has plagued 
older treatment options.3  
 
This review challenges opinions that the 
drugs are solely responsible for 
exacerbating depression and SIB, when in 
fact it could be psoriasis itself, whether 
untreated or unresponsive to prior treatment, 
that may contribute to diminished quality of 
life and depression. In fact, it is successful 
and, more importantly, timely control of 
psoriatic symptoms that often improves 
psychological comorbidity outcomes. 
Furthermore, package insert  warnings may 
discourage clinicians from prescribing 
needed medication and introduce 
unnecessary additional psychological 
burden to patients, which is 
counterproductive to maintaining long-term 

wellbeing. These concerns may be further 
accentuated for medications that are issued 
black box warnings (such as Brodalumab).4 
Instead, thorough screening and referral of 
patients who display signs of depression or 
SIB eschews the need for black box 
warnings. Such warnings indicate an 
enhanced level of danger while using the 
drug which is, in this case, unnecessary. 
 

 
 
Cytokines and Depressive/Suicidal 
Behavior 
A search of available literature linking 
cytokines to suicidal behavior implicate 
elevated IL-6 levels likely having an 
association with increases in suicidal 
ideation.5 For IL-17 specific studies, all point 
to elevated levels of IL-17A as contributing 
to higher depressive symptoms;6-8 both 
apremilast and brodalumab contribute to 
decreasing IL-17 expression, or inhibition of 
IL-17 binding to its receptor, respectively, 
and consequently would be expected to 
reverse depression and SIB. Similarly, other 
reports suggest that specifically targeting 
pro-inflammatory cytokines will likely 
decrease and treat depressive symptoms.9 
 
Apremilast 
Apremilast, an orally administered 
phthalimide-based small molecule, is a 
PDE4 inhibitor that prevents the hydrolysis 
of cyclic adenosine monophosphate 
(cAMP).This inhibition  causes several pro-
inflammatory cytokines, such as IL-17, IL-
23, and tumor necrosis factor alpha (TNFa) 
to be down-regulated, while at the same 
time upregulating IL-10, an anti-
inflammatory factor.10 It was approved in 
2014 to treat psoriatic arthritis and plaque 
psoriasis. 
 

INTRODUCTION 

RESULTS 
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Due to its low molecular weight (460 Da), it 
could theoretically cross the blood-brain 
barrier (BBB) and potentially affect brain 
chemistry and patient mood. However, 
tissue distribution studies using 14C-labeled 
drug consistently showed low concentrations 
of apremilast within the CNS, indicating poor 
penetration of the blood-brain barrier.11 The 
highest levels of radioactivity were observed 
in organs involved with metabolism and 
subsequent clearance (liver, kidneys).11 
 
Two phase III trials(ESTEEM 1 – 2; 
PALACE 1 – 3) were carried out to study 
long-term efficacy and tolerability of 
apremilast (≥ 3 years for ESTEEM, up to five 
years for PALACE). For the populations of 
both ESTEEM trials12 (n = 1250), 178 
(14.2%) patients reported a history of 
depression, while 156 (12.4%) were taking 
an antidepressant. There was one suicide 
attempt in the treatment arm (0 to ≤ 52 
weeks), and one completed suicide in the 
placebo arm during ESTEEM 1. The 
incidence of depression did not increase 
with extended apremilast use and there 
were no other reports of suicide. More 
importantly, the rate of depression in the 
ESTEEM trials were lower than the 
background rate in the psoriasis population 
(≥10%), when compared to reported 
values.13,14 
 
Across PALACE 1 – 3 (n = 1493),15 reports 
of depression remained low, with a slightly 
higher incidence in the treatment arm (1.2%) 
compared to the placebo arm (0.8%). There 
were no completed suicides in the 
experimental arm during the study, and two 
reported attempts: one during the 0 to ≤ 52 
weeks exposure period to apremilast, and 
one during the > 52 to ≤ 104 weeks of 
exposure. Both attempts were attributable to 
external risk factors (serious family 
altercation in the former case, and a history 
of depression, affective disorder, and 

physical/emotional abuse in the latter). 
There were, however, two completed 
suicides in the placebo arm. 
  
Brodalumab 
Brodalumab is a humanized monoclonal 
antibody, approved in 2017 to treat severe 
plaque psoriasis, in particular for patients 
who have not responded to or have low 
tolerability for other systemic therapy.16 It 
binds directly to the IL-17 receptor A, 
preventing activation by IL-17A, IL-17F, 
IL17A/F, IL-17C, and IL-17E (IL-25); this is 
in contrast to other monoclonal antibodies 
such as ixekizumab, which only binds to IL-
17A.17 
 
Brodalumab, being a whole antibody (144 
kDa), is too large, and too hydrophilic, for 
successful penetration of the BBB; by 
comparison, the largest known protein able 
to cross the blood-brain barrier via 
transmembrane diffusion is cytokine-induced 
neutrophil chemoattractant (CINC-1), at 7.8 
kDa.18 Saturable transport systems, whether 
efflux or influx, primarily have small 
molecule substrates, such as glucose, 
amino acids, and signaling molecules such 
as epinephrine.19 
 
There were three phase III trials for 
brodalumab (AMAGINE 1 – 3; n = 4373) to 
assess efficacy and safety, monitored at up 
to 52 weeks. Several clinical assessments 
were used to ascertain patient response, 
including Hospital Anxiety and Depression 
Scale (HADS), Psoriasis Area and Severity 
Index (PASI), Psoriasis Symptom Inventory 
(PSI), and static Physician’s Global 
Assessment (sPGA).  
 
In AMAGINE-1,20 pooled population data (n 
= 220 for placebo, n = 441 for treatment) 
indicated substantial improvement of 
psoriasis symptoms at 12 weeks exposure: 
317 patients had achieved at least PASI 75, 
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compared to 6 in placebo. Of those 317, 249 
had PASI 90, and 144 had PASI 100. 
Improvement was also seen in their HADS 
scores: baseline mean scores for the 140 
mg treatment arm saw a reduction in 
depression scores from 5.2 ± 4.1 to 3.6 ± 
0.3 after 12 weeks, while the 210 mg 
treatment arm saw a similar reduction from 
5.5 ± 4.2 at baseline, to 3.5 ± 0.2 after 12 
weeks. Through week 52 in AMAGINE-1, 
there was one completed suicide by 
hanging. In AMAGINE 2-3, there were two 
additional completed suicides.4 
 
In addition to the three completed suicides 
mentioned above, one (secondary to a drug 
overdose with opiates and alcohol) was 
subsequently ruled indeterminate by the 
Columbia Classification Algorithm for 
Suicide Assessment (C-CASA). For the 
remaining three, all had received 210 mg 
doses of brodalumab, and had PASI scores 
of 73, 100, and 100; however, none of the 
suicides occurred within three months of 
treatment initiation (140, 329, and 845 days 
after first dose, respectively). In addition, 
similar to the suicide observed in the 
PALACE trials for apremilast, the three 
patients had external factors unrelated to 
brodalumab treatment, including financial 
stressors, the possibility of incarceration due 
to legal difficulties, and ongoing treatment 
for depression and anxiety.4 
 

 
 
From a molecular perspective, both 
apremilast and brodalumab are unable to 
effectively penetrate the blood-brain barrier. 
The inhibition of IL-17 receptors or IL-17 and 
related isoforms, based on previous studies, 
would imply that reducing the effects of IL-
17 would help in decreasing depression and 
suicidal ideation and behavior. Clinically, the 
instances of suicide attempts and completed 

suicides reported in phase III trials for 
apremilast (ESTEEM and PALACE) and 
brodalumab (AMAGINE) are confounded by 
external factors that are unrelated to drug or 
biologic administration. As previously stated, 
none of the three completed suicides in the 
brodalumab psoriasis trials occurred within 
three months of treatment initiation, the 
period in which the majority of patients 
showed substantial improvement in 
controlling psoriasis symptoms, as shown by 
statistically significant improvement in HADS 
and PASI scores after 12 weeks. Reports of 
depression for the duration of each clinical 
trial are also below population averages of 
psoriasis patients when previous data and 
meta-analyses are considered. Many factors 
should be considered when selecting the 
optimal therapy for patients with 
psoriasis.21,22  

 

 

 

After careful review of the appropriate 
studies and relevant literature, patients with 
moderate-severe psoriasis, including those 
that experience depression resulting from 
their chronic condition, would likely benefit 
from early, rather than delayed initiation of 
effective medications like apremilast and 
brodalumab. The speed of response and 
high level of efficacy of brodalumab make it 
an ideal intervention for patients suffering 
depression caused by their psoriasis.  
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