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Systemic treatment options for plaque psoriasis (PsO) have 
significantly evolved and become increasingly more specific in 
targeting distinct pathways involved in PsO pathogenesis. These 

therapeutics now include the classes of interleukin (IL)-17 inhibitors and 
IL-23 inhibitors, among other small molecule inhibitors.1 While there is 
abundant evidence of their efficacy in placebo-controlled clinical trials, 
there is a paucity of literature comparing these drugs in randomized 
head-to-head trials. Additionally, there is even less literature investigating 
the time to relapse when patients with PsO discontinue treatment after 
initially achieving treatment success. In the trials that do investigate time 
to relapse after treatment cessation, they tend to differ in their definition 
of what constitutes relapse rendering the comparability of drugs across 
these different trials especially difficult.2–5 Our analysis here addresses 

the aforementioned differences in biologics specifically within the IL-17 
inhibitor class, as this "class" contains therapeutics with heterogeneous 
mechanisms of action (IL-17A inhibitors, dual IL-17A/F inhibitor, and IL-17 
receptor (IL-17RA) inhibitor). This is uniquely different from the IL-23 class 
in which all p19-specific biologics of this class directly target the IL-23 
cytokine and the same isoform of IL-23 albeit via different epitopes.6 The 
goal of this article is to: (1) establish drug discontinuation as an important 
aspect in the therapeutic journey of patients with PsO; (2) better guide 
clinical decision making when considering disease relapse after treatment; 
and (3) emphasize the need for more stringent relapse criteria to facilitate 
PsO therapeutic comparisons in the absence of head-to-head randomized 
controlled trials.  

IL-17 is a proinflammatory family of cytokines classically secreted 
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IL-17 Class Inhibitors and Plaque Psoriasis: Not All 
Biologics Relapse Equally
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by T helper (Th) 17 lymphocytes after IL-23 
stimulation.7 While the classic isoform of 
the IL-17 subtypes is IL-17A, there are six 
isoforms in total, denoted IL-17A to IL-17F, 
with both IL-17A and IL-17F being targets 
of three biologics currently approved by the 
United States Food and Drug Administration 

(FDA) for the treatment of PsO.1 With the 
exceptions of IL-17A and IL-17F, which can both 
heterodimerize, the IL-17 isoforms function 
as homodimers (Figure 1A).8 IL-17A promotes 
both proliferation and abnormal differentiation 
of keratinocytes, a hallmark feature in the 
pathogenesis of PsO. Additionally, IL-17A 

induces the differentiation of proinflammatory 
factors and promotes leukocyte migration and 
the secretion of matrix metalloproteinase-3, 
which is a key effector of tumor necrosis factor 
TNF-α-induced collagen degradation in skin and 
an inducer of apoptosis, further contributing to 
the development of an inflammatory milieu.8-11 
In addition to sharing the highest homology 
with IL-17A at 55%, IL-17F is also commonly 
co-expressed with IL-17A and stimulates a 
similar pattern of genes as IL-17A, albeit with a 
weaker response.8 Specifically, IL-17A is 100-fold 
more potent than IL-17F; however, IL-17F is 
almost 30-fold more abundant in inflamed 
tissue.12,13 While the other IL-17 isoforms are 
not as well studied, transcripts of IL-17B and 
IL-17D are uniquely decreased in psoriatic skin 
compared to unaffected skin.9,14 Biologics that 
target the IL-17A cytokine are secukinumab 
(SEC), ixekizumab (IXE), and bimekizumab 
(BKZ). While SEC and IXE both target only the 
IL-17A isoform, BKZ targets both IL-17A and 
IL-17F isoforms. On the other hand, brodalumab 
(BROD) targets the IL-17 receptor A (IL-17RA) as 
opposed to the cytokines.1 Furthermore, each 
biologic has a different dosing schedule, loading 
dose, binding affinity, and half-life, which may 
be relevant when deciding between a biologic 
that is best in line with a patient's preference or 
clinical need. 

Although these drugs are developed to target 
the same, crucial pathway in the pathogenesis 
of PsO (IL-17 signaling), intraclass differences 
reported in time to relapse suggest that there 
are differences either in the pharmacokinetics 
(PK) and/or in the targets of these drugs. To 
clarify this knowledge gap, we performed a 
detailed PK and molecular analysis of the IL-17 
inhibitor class to help elucidate a mechanistic 
hypothesis as to why there are differences in 
disease relapse rates after drug withdrawal.

METHODS
A PubMed literature search was performed 

using the terms "secukinumab," "ixekizumab," 
"brodalumab," "bimekizumab," "plaque psoriasis," 
and "relapse" from database inception to 
March 5, 2025. Articles were screened to only 
include double-blind, randomized, placebo, 
or comparator-controlled trials (Figure 2). The 
remaining articles were further screened to 
ensure they investigated and defined disease 
relapse after treatment withdrawal. If there were 
multiple extension trials all containing the same 

FIGURE 1. Structural mechanisms of action of IL-17 signaling pathway and its biologic inhibitors. (A) Ribbon diagrams 
of the structural folds of the IL-17A homodimer (left, Protein Data Bank ID 4HR9) and IL-17F homodimer (right, 
PDB ID 1JPY), with each protein monomer colored uniquely. (B) Ribbon diagrams of IL-17A (left, PDB ID 4HSA) and 
IL-17F (right, PDB ID 3JVF) complexed with their initial receptor IL-17RA (magenta, domain D1 and D2 indicated). 
(C) Ribbon diagram of the IL-17A-IL-17RA-IL-17RC hexameric signaling complex (PDB ID 7ZAN). IL-17RA (magenta) 
forms a dimer in the middle of the symmetric complex (black star denotes 2-fold symmetry axis). IL-17A is wedged 
between IL-17RA and IL-17RC (gold), linking the two receptors. Two views are provided rotated about the x-axis 90º. 
(D) Molecular surface representations of IL-17A (green/yellow) and IL-17F (blue/pink) homodimers with either the 
IL-17RA, secukinumab, ixekizumab, or bimekizumab epitope mapped onto the homodimer (red). Each of the biologics 
have a unique epitope on the IL-17A or IL-17F homodimer, and all overlap to varying degrees with the IL-17RA binding 
epitope, which is the source of its inhibitory capacity. Since IL-17F and IL-17A share 55% homology, the epitope of 
bimekizumab on IL-17F homodimer (far right) is similar to that on IL-17A.32
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data, only the most recently published extension 
trial was included in our analysis. Subsequent 
Google Scholar and Web of Science searches 
were performed to identify articles that included 
information about the PK properties of IL-17 
biologics.

RESULTS
Our search strategy identified five unique 

randomized controlled trials that examined 
time to relapse for biologics in the IL-17 class 
of inhibitors. Across these five trials, 4 unique 
definitions were used to define relapse (Table 1). 
Additionally, across the five trials, there were three 
unique eligibility criteria allowing individuals to 
enter the withdrawal phase of these trials after 
conclusion of the treatment phase: reduction of 
90% from baseline Psoriasis Area Severity Index 
(PASI) score (PASI-90), reduction of 75% from 
baseline PASI (PASI-75), and sPGA score of 0/1.2–

5,14,15  In the withdrawal phases across all studies, 
patients were rerandomized to either receive the 
treatment drug or receive placebo injections. For 
patients who were rerandomized to placebo and 
then relapsed, rescue medication consisted of the 
trial-specific drug with the same induction dosing 
across all trials without concomitant use of high- 
potency topical steroids.2-5 

There was additional heterogeneity regarding 
the use of topical treatments during the trials. In 
the BE READY and UNCOVER trials investigating 
time to relapse for BKZ and IXE, respectively, 
participants were allowed to use weak topical 
corticosteroids (Class VI or VII) to the face, axilla, 
and genitalia, but these could not be used 24 
hours before study visits.3,5 In the FIXTURE and 
ERASURE trials investigating time to relapse 
for SEC, participants were not allowed to use 
any topical treatments likely to impact signs 
and symptoms of PsO including corticosteroids, 
vitamin D analogues, calcineurin inhibitors, 
or salicylic acid. These trials enforced a two-
week washout period for eligible participants 
with current use of topical medications prior 
to randomization.4 In the AMAGINE trials 
investigating BROD, patients were not allowed 
to use topical therapy and were also subject to a 
two-week washout period prior to their first dose 
of BROD or placebo.14 

Due to the heterogeneity of relapse criteria, the 
only relapse data point shared by all four drugs 
was median time to loss of PASI-90 and median 
time to loss of PASI-75 (Figure 3). The median 
time to loss of PASI-90 for SEC, IXE, BKZ, and 

BROD was 16 weeks, 16 weeks, 24 weeks, and 5 
weeks, respectively. The median time to loss of 
PASI-75 for SEC, IXE, BKZ, and BROD was 24 weeks, 
18 weeks, 32 weeks and 10 weeks, respectively. 
Median time to loss of PASI-100 was available only 
for IXE, BKZ, and BROD which were 12 weeks, 18 
weeks, and 5 weeks, respectively. Median time to 
a worsening sPGA score of ≥3 was only available 
for IXE and BROD, which were 20.4 weeks and 8 
weeks, respectively.

The relevant PK properties for each drug 

include half-life, bioavailability, and equilibrium 
dissociation constant (Kd, which is inversely 
proportional to binding affinity), the latter being 
a composite of the association rate constant (kon) 
and the dissociation rate constant (koff) (Table 2).6 
Of note, kon and koff for BROD binding to IL-17RA 
are not readily available in public literature. The 
half-lives for SEC, IXE, BKZ, and BROD are 27 days, 
13 days, 23 days, and 11 days, respectively. The 
bioavailability for SEC, IXE, BKZ, and BROD are 
73%, 72%, 70.1%, and 54.8%, respectively. 

Figure 2. PRISMA flow diagram demonstrating methods of literature search and results of literature review.

Figure 3. Median time to relapse after discontinuation of biologic in the treatment of plaque psoriasis. Results from 
four different criteria are shown: median loss of PASI-75 (navy blue), PASI-90 (gray), PASI-100 (light blue), and median 
sPGA > 3 (dark blue).

PASI: Psoriasis Area Severity Index; PASI-75: 75% reduction in Psoriasis Area Severity Index; PASI-90: 90% reduction in 
Psoriasis Area Severity Index; PASI-100: 100% reduction in Psoriasis Area Severity Index; sPGA: standardized Physician 
Global Assessment score.
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DISCUSSION
While SEC, IXE, BROD, and BKZ were 

developed to target the same IL-17 pathway, 
there are notable differences observed in 
the time to relapse between them. Due to 
differences in relapse criteria used across the 
five included trials (Table 1), only two metrics 
allowed for comparison: loss of PASI-90 and loss 
of PASI-75. Nonetheless, clear patterns emerged 
with BKZ and BROD consistently demonstrating 
the longest and shortest time to relapse, 
respectively.

Differences in time to relapse when 
comparing BROD to the IL-17 cytokine blockers 
can be attributed to multiple reasons, including 
PK differences or differences pertaining to the 
actual target (receptor versus cytokine). BROD 
not only has the shortest half-life and lowest 
bioavailability, but it also has the lowest binding 
affinity for its target, IL-17RA.1 When comparing 
the efficacy of BROD to its sibling drugs 
according to the placebo-controlled pivotal 
trials over 16 weeks (with the exception of BKZ), 
however, there is no significant difference in 
the likelihood of achieving PASI-75, PASI-90, 
or PASI-100 as per network meta-analysis.16 
This suggests that the stark contrast in time 
to relapse between BROD and the other IL-17 
biologics is not due to a lack of targeting the IL-
17 pathway, but rather, more likely attributable 
to its comparatively short half-life, reduced 
bioavailability, and potential downstream 

effects (or lack thereof) in targeting a receptor 
versus a cytokine. It is also important to consider 
that IL-17RA blockade still allows for IL-17A and 
IL-17F signaling through the IL-17RC receptor 
homodimer.17 This is interesting, considering 
the evidence demonstrating the reversal of 
disease-relevant gene expression signatures 
by BROD, as well as the ability of BROD to 
rescue treatment failures to TNF-α, IL-23, 
and IL-17A blockers.18-21 Blocking the IL-17RA 
receptor isoform has been shown to increase 
the signaling threshold for IL-17A and IL-17F 
for the induction IL-36G and chemokine ligand 
CXCL1 mRNA in human keratinocytes, which 
are key downstream effector cytokines in the 
Th17 pathway.22 This occurs due to the role of 
the IL-17RA dimer, which forms in response 
to binding IL-17A or IL-17F. The IL-17RA dimer 
coordinates the formation of a 2:2:2 hexameric 
signaling assembly with IL-17A homodimers (or 
IL-17F homodimers or IL-17A/F heterodimers) 
and IL-17RC, ultimately leading to activation of 
the nuclear factor NF-κB and mitogen-activated 
protein (MAP) kinase pathways and subsequent 
synthesis of IL-36G and CXCL1 (Figures 1B and 
1C).22 Thus, the short time to relapse observed 
in patients after stopping BROD is unlikely due 
to inadequate targeting of the IL-17 pathway. 
Rather, it is likely due to the PK properties of 
BROD, which cause its effects to diminish rapidly 
after drug cessation. It is important to note that 
while BROD has the lowest binding affinity for 
its target compared to the other drugs in the IL-
17 family, without knowledge of its association 
and dissociation constants, it remains uncertain 
which binding characteristic most significantly 
influences the time to relapse. 

Both IXE and SEC specifically target the IL-17A 
cytokine isoform. Although there is no difference 
in time to loss of PASI-90 (both 16 weeks), 
there is a 6-week difference in time to median 
loss of PASI-75 (24 weeks for SEC vs. 18 weeks 
for IXE). When looking at their PK properties, 
IXE has a nearly 40-fold increase in binding 
affinity for IL-17A compared to SEC, but the 
half-life of IXE is more than twice as short.22-26 
IXE also has a lower koff of 1.3 ± 0.8 × 10−5 s−1 
than SEC (2.6 ± 0.8 × 10−5 s−1).25 Additionally, 
while IXE may have a higher binding affinity, 
both IXE and SEC bind to different epitopes on 
the IL-17A molecule. While almost all of the 
SEC epitope overlaps with the IL-17RA binding 
surface, a much larger portion of the IXE epitope 
lies outside of the receptor binding region 

(Figure 1D). Additionally, once bound, the SEC 
epitope interacts with both molecules in the 
IL-17A dimer, compared to IXE which only binds 
one molecule in the homodimer.27,28 However, 
the overall surface area for the SEC epitope 
(1830 Å2) is smaller compared to the surface 
area covered by the IXE epitope (3330 Å2).28 In 
the IL-23 class of biologics, drugs with larger 
epitope surface areas and lower koff were found 
to be more clinically efficacious in the treatment 
of PsO.6 Indeed, in a network meta-analysis, 
IXE was shown to be more efficacious than SEC 
at achieving PASI-90 and PASI-100 at both 16 
weeks and 52 weeks after starting treatment.28 
Thus, the difference in binding epitope may 
partially explain the longer time to relapse 
seen with SEC given its lower binding affinity 
for IL-17A as well as smaller epitope surface 
area. The difference in half-life likely explains 
the difference in dosing between these two 
drugs, with IXE requiring biweekly dosing of 
80mg after a starting dose of 160mg, and SEC 
requiring monthly doses of 300mg after weekly 
loading doses of 300mg for four weeks.1 As such, 
given the near identical bioavailability (SEC 
73% and IXE 72%), the difference in median 
time to loss of PASI-75 is likely primarily due to 
the difference in elimination half-life and less 
due to differences in the target epitopes of the 
IL-17A cytokine.  It takes approximately 5 half-
lives for a drug to be eliminated from the body 
(technically, about 97%); this would be 135 
days and 65 days after withdrawal for SEC and 
IXE, respectively (Table 2). Therefore, following 
IL-17A inhibitor withdrawal, SEC persists in the 
patient for twice as long as IXE and will have 
some level of PsO therapeutic effect as drug 
concentrations decrease.

Of all IL-17 inhibitors, BKZ consistently 
demonstrates the longest time to relapse, 
regardless of the criterion used to define 
relapse. In addition to having the longest time 
to relapse, BKZ has been estimated to have 
the highest probability of patients achieving 
PASI-100 after 16 weeks of treatment compared 
to all other biologics used to treat PsO.16 
Furthermore, of all the IL-17 biologics, BKZ is 
the only drug that does not require a loading 
phase and can be administered at 320 mg 
every 4 weeks from week 0, with some patients 
even being eligible to switch to 320 mg every 8 
weeks after 16 weeks of treatment.1 BKZ is the 
only biologic in the IL-17 class that targets the 
IL-17F isoform in addition to the IL-17A isoform. 

TABLE 1. Definitions of plaque psoriasis disease relapse 
with respect to clinical trial program

TRIALS (DRUG) DEFINITION OF RELAPSE

BE READY (BKZ)5 Loss of PASI-75 response 
compared to baseline

AMAGINE-1 Extension 
(BROD),2 UNCOVER-1 
and UNCOVER-2 
Extension (IXE)3

Worsening sPGA score of ≥ 3

SCULPTURE (SEC)15

Loss of 20% or more 
of maximum PASI 

improvement plus loss of 
PASI-75 response

ERASURE and FIXTURE 
Extension (SEC)4

Loss of 50% max PASI 
improvement from baseline

BKZ: Bimekizumab; BROD: Brodalumab; IXE: Ixekizumab; 
SEC: Secukinumab; PASI: Psoriasis Area Severity Index; 
PASI-75: 75% reduction in Psoriasis Area Severity Index; 
sPGA: standardized Physician Global Assessment Score
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BKZ possesses a long half-life at 23 days and 
a high bioavailability at 70.1%.29,30 However, 
it possesses neither the longest half-life nor 
the largest bioavailability. This insinuates that 
there are other downstream properties of BKZ 
that allow its effects to be more sustained 
compared to the other biologics, namely SEC 
and IXE, which possess a longer half-life and 
greater binding affinity for IL-17A, respectively. 
In fact, the median time to flare for BKZ for any 
PASI category surpasses 16 weeks, which is 
the time required to achieve drug elimination 
(five half-lives, or approximately 115 days/16.4 
weeks). This suggests that the longer time 
to relapse may be attributed to the effects of 
simultaneously targeting the IL-17F isoform. 
Both IL-17A and IL-17F are often co-expressed, 
and while IL-17F has been shown to have a 
lower proinflammatory effect than IL-17A, 
IL-17F is found at up to 30-fold higher levels 
in both lesional skin and the serum of patients 
with PsO.12 Additionally, both IL-17A and IL-17F 
are the only two IL-17 isoforms that are able 
to homodimerize and induce the dimerization 
of the IL-17RA receptors, which coordinates 
the downstream effects of IL-17 seen in PsO.8 
However, depending on which IL-17 isoform 
binds to the IL-17RA receptor, the D2 domain of 
the IL-17RA receptor will undergo differential 
rotations. The binding of IL-17A, IL-17F, and 
IL-17A/F results in a rotation of 23º, 19º, and 
30º of the D2 domain, respectively.22 Thus, it is 
plausible that these different binding-induced 
receptor conformational changes may impact 
downstream signal activation/signal potency, as 
is the case for erythropoietin and downstream 
JAK/STAT signaling.22 Consequently, although 
the binding of different IL-17 isoforms to the 
IL-17RA receptor does not disrupt the formation 
of the 2:2:2 hexameric complex with IL-17RA 
and IL-17RC, IL-17F binding appears to result 
in higher absolute IL-36G mRNA expression 

compared to IL-17A when the IL-17RA receptor 
is saturated with either isoform.22 IL-36G 
itself plays a large role in the pathogenesis 
of PsO by inducing the secretion of IL-23 and 
recruiting immune cells such as neutrophils 
and dendritic cells to psoriatic lesions.31 
Therefore, the sustained efficacy of BKZ may be 
attributed to its targeting of the more abundant 
isoform present in affected skin, as well as the 
differential rotation of the IL-17RA D2 domain 
and the expression of IL-36G mRNA in response 
to IL-17F binding to IL-17RA. Consistent with 
its potent neutralization of IL-17A and IL-17F, 
the BKZ fragment antigen-binding (Fab) 
was shown to bind 45.5% and 41.5% of the 
residues recognized by IL-17RC and IL-17RA, 
respectively.32 Thus, the increased efficacy seen 
with targeting both IL-17A and IL-17F can be 
reasonably extrapolated; however, the longer 
time to relapse remains less clear. Prior studies 
showed that, unlike IL-17A, IL-17F can uniquely 
synergize with IL-23 in human eosinophils to 
promote the production of IL-1B and IL-6, both 
of which are required for the differentiation of 
Th17 cells.33,34 Therefore, the sustained efficacy 
seen with BKZ may be explained by its ability 
to further dampen the Th17 pathway via the 
unique suppression of IL-17F as a negative 
feedback event.  

We integrated mechanism of action, available 
molecular modeling data, and PK properties to 
analyze differences in time to relapse among 
the IL-17 class of biologics for the treatment of 
PsO. Noteworthy limitations include the lack 
of head-to-head trials among biologics within 
this class and the heterogeneity in relapse 
criteria used across the 52-week randomized 
withdrawal extension trials analyzed.  The 
paucity of relapse data likely stems from 
biologics being a relatively novel therapeutic 
option for the treatment of autoimmune 
diseases and the understandable need for 

studies to preferentially demonstrate their 
safety and efficacy. With recent advances in 
biologics and their ability to achieve PASI-100 
clearance in some patients, there needs to be 
a paradigm shift from focusing on biologic 
efficacy and treating disease, to investigating 
disease remission and relapse (Table 1). 

It is especially crucial in future trials to 
establish a standard definition of relapse via 
a joint consensus effort between clinicians, 
patients, and industry stakeholders. One 
example of a standard definition used to define 
relapse in future clinical trials could be loss of 
50% maximum PASI improvement compared 
to baseline prior to target drug initiation. Not 
only is time to relapse especially important as 
patients often express interest in medications 
that allow for treatment "holidays," but it is also 
an important point to consider when deciding 
which biologic would maximize treatment 
success. 

CONCLUSION
The variation in time to relapse among the 

IL-17 class of biologics is largely attributed 
to differences in PK properties in addition 
to mechanisms of action, as evidenced by 
distinctions between SEC and IXE. This is further 
evidenced by BROD exhibiting the quickest time 
to relapse of all IL-17 biologics and having the 
shortest half-life, the lowest bioavailability, 
and the lowest affinity for its target. Of note, 
BROD is the only drug in this class that targets 
the IL-17RA receptor as opposed to individual 
cytokines; this may also affect the relapse time 
seen with BROD given the potential for residual 
IL-17F signaling through IL-17RC.  On the 
other hand, BKZ proves a notable exception to 
this trend:  while it does not have the best PK 
properties in the class, it still demonstrates the 
longest time to relapse. This is likely attributed 
to the fact that BKZ also targets IL-17F, which 

TABLE 2. Pharmacokinetic properties of IL-17 class biologics.
HALF-
LIFE 

(DAYS)

ELIMINATION 
HALF-LIFE 

(DAYS)

BIOAVAILABILITY 
(%)

BINDING AFFINITY (nM)
ASSOCIATION RATE (KON) 

(M–1S–1)
DISSOCIATION RATE (KOFF) (S–1)

Secukinumab23 27 135 73 IL-17A = 0.060 IL-17A = 4.3 × 105 IL-17A = 2.6 × 10-5 

Ixekizumab26 13 65 72 IL-17A = 0.0018 IL-17A = 7.5 × 106 IL-17A = 1.3 × 10-5

Bimekizumab35 23 115 70.1 IL-17A = 0.003 IL-17F = 0.023
IL-17A = 

9.21 × 105

IL-17F = 
7.23 × 105 IL-17A < 1.0 x 10–6 IL-17F = 1.01 × 10–4

Brodalumab1 11 55 54.8 IL-17RA = 0.239 N/A N/A
Elimination half-life (5 half-lives) represents the time for a drug to be eliminated from the body.
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is found at higher concentrations in lesional 
skin in patients with PsO and that IL-17F can 
uniquely produce cytokines responsible for 
Th17 differentiation.12,31,33,34 Further research 
should analyze the role of both IL-17F and cells 
that release IL-17F, as these could prove to be 
viable therapeutic targets for the treatment and 
possible remittance of PsO.
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