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Abstract

Background: Despite their impressive efficacy in phase 3 trials, biologic agents for psoriasis (PsO) may lose efficacy over
time. The factors associated with loss of efficacy have yet to be fully elucidated. Objective: We aimed to identify factors
associated with PsO patients using multiple biologics in comparison to patients who used | biologic. We also reviewed the
literature comparing the survival of different biologic agents for PsO. Methods: We examined clinical data from 222
psoriasis patients at the University of California San Francisco, of whom 51 reported use of 3 or more biologics and of
whom 171 reported use of only a single biologic agent at the time of enrollment into a research database from 2006-2020.
This study was IRB-approved at UCSF (#10-02830) and all subjects provided written informed consent. We
performed univariate and multivariate regression analysis to identify significant demographic features, clinical features,
and co-morbidities associated with multi-biologic use. We performed a literature review of studies comparing psoriasis
biologic survival at I, 2, and 5 years and factors associated with single biologic failure. Results: In univariate analysis,
duration of PsO, initial presentation of PsO on the gluteal cleft, erythrodermic psoriasis, and acne were associated with
using 3 or more biologics. In multivariate analysis, duration of PsO, erythrodermic psoriasis, and acne remained sig-
nificant. Our review of biologic survival revealed differences according to biologic class. Conclusion: We identified
novel factors associated with multi-biologic use in PsO. Further studies in this area are needed to achieve a precision
medicine approach.
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Introduction
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Despite the impressive efficacy of biologic agents demon-
strated in phase 3 clinical trials for patients with psoriasis,

some agents may lose efficacy over time.' Drug survival,
also referred to as drug persistence, is defined as the duration
of time a patient remains on a therapy from initiation to
discontinuation or last clinical observation.’ Researchers and
clinicians recognize drug survival as an indicator of real-
world efficacy for biologic agents.*’ Reasons for biologic
failure, or discontinuation, can include loss of efficacy, which
can be further subcategorized into primary failure, due to
lack of initial efficacy, or secondary failure, due to loss of
efficacy during the maintenance period.” Safety or adverse
events can also influence biologic failure and while good
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efficacy and safety profiles are positively correlated with
biologic survival,*'° several other factors have been iden-
tified as well. These factors include loss to follow-up, de-
cisions on behalf of the patient or physician to end or switch
therapies,™!""'> reimbursement policies, or therapeutic
guidelines."® Furthermore, demographic and clinical factors
are also beginning to surface as factors associated with
failure of specific biologic agents.*'! In our study, we aimed
to identify clinical and demographic factors associated with
patients using and/or failing multiple biologic agents in
comparison to patients who were treated with 1 biologic
agent. We also reviewed the literature comparing the survival
of different biologic agents and identifying factors associated
with biologic survival.

Case-Control Study

We examined clinical data from 222 psoriasis patients at the
University of California San Francisco, of whom 51 reported use
of 3 or more biologics and of whom 171 reported use of only a
single biologic agent at the time of enrollment into a research
database from 2006-2020. All patients were confirmed to have a
diagnosis of psoriasis by a board-certified dermatologist. Four
main dermatology providers at UCSF wrote the biologics pre-
scriptions. The breakdown of biologics used by these 2 groups is
shown in Table 1. We analyzed demographic features, clinical
features, and self-reported co-morbidities associated with use of 3
or more biologics compared to use of a single biologic.

Factors examined included age, gender, age of psoriasis
onset, duration of PsO, body mass index (BMI), smoking
status, PsO self-severity according to body surface area
estimation, patients’ self-reported initial anatomic location of
psoriasis, psoriasis subtype, family history, joint pain,
medical provider diagnosis of psoriatic arthritis (PsA), co-
morbidities, and biologic(s) used. To evaluate differences
between groups, we performed univariate regression analysis
to identify significant factors associated with multi-biologic
use (P-value < .05). We then performed multivariate analysis
and included only univariate variables that demonstrated
potential for significance (P < .15). Multivariate variables
were considered significant if they achieved a P-value of less
than .05. In univariate analysis, duration of PsO, initial
presentation of PsO on the gluteal cleft, erythrodermic
psoriasis, and acne were associated with using 3 or more
biologic agents. In multivariate analysis, duration of PsO,
erythrodermic psoriasis, and acne remained significant
(Table 1). There was a trend towards significance on mul-
tivariate analysis (P < .1) for initial presentation of PsO on
the gluteal cleft and family history of psoriasis, such that
initial presentation on the gluteal cleft was associated with
using 3 or more biologic agents and family history was
associated with using 1 biologic agent.

Review of Biologic Survival at |-, 2-,
and 5-years

We reviewed the literature to identify studies that com-
pared biologic survival rates across large cohorts of pa-
tients. We searched the PubMed database utilizing key
search terms such as “multi-biologic failure”, “highly
refractory psoriasis”, “causes OR reasons for biologic
failure”, “biologic survival”, and “biologic persistence”.
In an effort to synthesize common outcome information
across studies, we identified 5 studies that utilized per-
centage survival of biologic agents at time points of 1, 2,
and 5 years. These studies include single center'? and
multi-center®'! retrospective studies and systemic reviews
and comparative meta-analyses of multiple studies.’"'?
Biologic agents analyzed include inhibitors for tumor
necrosis factor (TNF)-alpha, interleukin (IL)-12/23, IL-17,
and IL-23. We compared the 1-, 2-, and 5-year survival
rates in these studies across specific biologic agents,
emphasizing the weight of each study in evaluating the
percent survival of the specific agent by the number of
patients evaluated (N). The charts comparing 1-, 2-, and 5-
year biologic survival for specific agents are presented in
Figures 1-3, respectively. The findings of these studies
demonstrate that while all biologic agents have decreased
survival over time, certain biologic agents show loss of
survival more rapidly than others. At 1-year, biologic
agents were demonstrated to have good survival: 70% of
patients on TNF-alpha inhibitors survived while 1 study
showed only 34% of patients on certolizumab survived at
1 year, however, it should be noted that this study analyzed
a small sample (n = 13) of patients on certolizumab.'*
Patients on IL-12/23 and IL-17 inhibitors experienced 1-
year biologic survival ranging from 85% to 90%, and IL-23
inhibitors experienced the highest survival at 92% to 96%
(Figure 1).

Legend N
- 0-100

L 2 101-1000

¢

All TNFs = all TNF alpha agents combined.

ADA adalimumab, IFX infliximab, ETA etanercept, CER
certolizumab, UST ustekinumab, SEC secukinumab, IXE
ixekizumab, BRO brodalumab, TIL tildrakizumab, GUS
guselkumab, RIS risankizumab.

The y-axis describes the specific class and name of the
biologic agent while the x-axis describes the percent of
patients that survived biologic therapy at the specified time
point.
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Table I. Differences in Demographic and Clinic Factors Between Psoriasis Patients on >3 Biologics vs Patients on | Biologic.
95 .95
Demographic and Clinical >3 Biologics | Biologic Univariate Confidence ~ Multivariate Confidence
Factors (n =51) (n=171) P-value OR Interval P-value OR Interval
Age 463 + 15.6 43.6 = 143 26 1.01 .99-1.03
(n =5I) (n=170)
Gender (% female) 47.0% female  39.4% female .33 1.37 .73-2.57
(n =5I) (n=170)
Age when psoriasis began 23.0 + 4.5 244 £+ 139 .52 .99 .97-1.01
(n =5I) (n = 170)
Duration of PsO in 229 £ 13.2 19.3 £ 12.6 .05% 1.02 1.0-1.04 .05%* 1.03 1.00-1.05
years (n =50) (n=168)
Body mass index 2947 £842 2810+ 7.19 42 1.02 .97-1.09
(n =43) (n=93)
Smoker 4/47 (8.51%) 8/168 (4.76%) .33 1.86 48-.62
PsO self-severity (>10%)  32/51 (62.7%)  96/171 (56.1%) 40 1.32 .70-2.53
PsO self-severity (5-10%) 10/51 (19.6%)  51/171 (29.8%) A5 .57 26-1.19
PsO self-severity (1-5%) 5/51 (9.80%)  14/171 (8.19%) 72 1.22 .38-3.38
PsO self-severity (<1%) 2/51 (3.92%) 3/171 (1.75%) 37 1.70 .23-9.00
Initial: Scalp 19/51 (37.3%) 54/171 (31.6%) 45 1.29 .66-2.46
Initial: Ears 9/51 (17.6%)  23/171 (13.5%) 46 1.38 .57-3.12
Initial: Elbows/knees 18/51 (35.2%)  46/171 (26.9%) 25 1.48 .75-2.87
Initial: Arms/legs 19/51 (37.3%)  49/171 (28.7%) 24 1.52 .76-2.84
Initial: Back/stomach/trunk 12/51 (23.5%)  37/171 (21.7%) 77 111 51-2.29
Initial: Face 3/51 (5.88%)  14/171 (8.19%) .59 0.7 .16-2.26
Initial: Genitals 3/51 (5.88%)  12/171 (7.02%) .78 91 .20-3.05
Initial: Nails 7/51 (13.7%) 12/171 (7.02%) .14 2.11 .75-5.57 .98 3.18 .83-12.18
Initial: Palms 3/51 (5.88%) 7171 (4.09%) .59 1.46 .31-5.49
Initial: Soles of feet I1/51 (1.96%)  10/171 (5.85%) 29 32 01-1.74
Initial: Armpit/groin/folds 5/51 (9.80%)  14/171 (8.19%) 72 1.22 .38-3.38
Initial: Gluteal cleft 8/51 (15.7%) 8/171 (4.68%) 0l* 3.79 1.32-10.88 .09 3.18 .83-12.18
Psoriasis type: plaque 45/51 (88.2%) 140/171 (81.9%) 29 1.66 .69-4.64
Psoriasis type: guttate 20/51 (39.2%) 45/171 (26.3%) .08 1.81 .93-3.47 .53 1.28 .59-2.79
Psoriasis type: pustular 3/51 (5.88%) 11/171 (6.43%) .89 91 .20-3.05
Psoriasis type: 7/51 (13.7%) 5/171 (2.92%) 0I* 528 1.61-18.6 .04* 4.11 1.08-15.73
erythrodermic
Psoriasis type: palm/ 5/51 (9.80%) 6/171 (3.51%) .08 2.99 .83-10.04 .13 3.24 .70-14.89
sole
Psoriasis type: armpits/  7/51 (13.7%) 10/171 (5.85%) .07 2.56 .89-7.06 .36 1.81 .51-6.45
groin
Family history of 22/51 (43.1%) 93/170 (54.7%) 14 .62 33-1.16 .08 .52 .25-1.07
psoriasis
Joint pain/swelling ever 32/51 (66.7%) 91/171 (53.2%) .09 1.76 .92-3.45 37 1.39 .67-2.85
Confirmed PsA Dx 20/51 (39.2%)  54/171 (33.1%) 35 .82 .55-1.24
Possible PsA Dx 12/51 (23.5%)  35/171 (21.5%)
Confirmed or possible PsA  32/51 (62.7%)  89/171 (54.6%)
Dx
High blood pressure 14/51 (27.4%)  55/171 (32.2%) .52 0.8 .39-1.57
High cholesterol 10/51 (19.6%)  39/171 (22.8%) .63 .83 .36-1.75
High triglycerides 4/51 (7.84%) 10/171 (5.85%) 6l 1.37 .23-1.07
Coronary artery disease 0/51 (0%) 5/171 (2.92%) 99 <.0l .01-4.97
Adult-onset diabetes 4/51 (7.84%)  12/171 (7.02%) .84 1.13 .61-2.79
Stroke 2/51 (3.92%) 2/171 (1.17%) 22 345 .30-3.41
Acne 5/51 (9.80%) 5/171 (2.92%) .05% 3.60 .97-13.50 .05% 4.76 1.02-22.20
Lupus 0/51 (0%) 2/171 (1.17%) .99 <.0l .01-8.18

(continued)
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Table I. (continued)

.95 .95
Demographic and Clinical >3 Biologics | Biologic Univariate Confidence  Multivariate Confidence
Factors (n=51) (n=171) P-value OR Interval P-value OR Interval
Rheumatoid arthritis 3/51 (5.88%) 71171 (4.09%) .59 1.46 .31-5.49
Obesity 7/51 (13.7%) 10/171 (5.85%) .07 256  .88-7.06 .80 .19 .31-4.60
Other 12/51 (23.5%)  32/171 (18.7%) 45 1.34 61-2.79
Biologic use
Etanercept 50/51 (98.0%) 101/171 (59.1%)
Adalimumab 46/51 (90.2%)  35/171 (20.5%)
Ustekinumab 23/51 (45.1%)  14/171 (8.19%)
Alefacept 11/51 (21.5%) 971 (5.26%)
Infliximab 20/51 (39.2%) 71171 (4.09%)
Golimumab 1/51 (1.96%) 0/171 (0%)
Efalizumab L1/51 (21.6%) 4/171 (2.34%)
Secukinumab 8/51 (15.7%) /171 (.58%)
Ixekizumab 3/51 (5.88%) 0/171 (0%)
Guselkumab 3/51 (5.88%) 0/171 (0%)

The following co-morbidities had too low of a frequency for data analysis: Childhood-onset diabetes, dermatomyositis, polymyositis, alopecia areata, Crohn’s
Disease, ulcerative colitis, Celiac Disease, Sjogren’s Disease, multiple sclerosis, Kawasaki Disease, and atopic dermatitis.
Univariate cutoff for inclusion in multivariate model P < .I5 (shown in bold).
Abbreviations: PsO, Psoriasis; PsA, Psoriatic arthritis.

*Significance cutoff P < .05.
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Figure 2. Biologic survival at 2 Years.

Studies assessing biologic failure at 2-years show a similar
trend of loss of efficacy across all agents with TNF inhibitors
ranging from an estimated 57% to 59%, IL-12/23 inhibitors
ranging from 78% to 83%, IL-17 inhibitors ranging from 56%
to 79%, and the IL-23 inhibitor, guselkumab ranging from
90% to 92%. Data for 5-year survival was only available for
certain TNF-alpha inhibitor (adalimumab, infliximab, and
etanercept) and the IL-12/23 inhibitor, ustekinumab. Biologic
survival ranged between 35% to 46% for TNF-alpha inhibi-
tors, and 51% for the IL-12/23 inhibitor ustekinumab.
Torres et al also analyzed factors associated with failure of
the IL-12/23 inhibitor (ustekinumab), IL-17 inhibitors (se-
cukinumab, ixekizumab, and brodalumab), and IL-23 inhib-
itors (guselkumab and risankizumab) and found on univariate
analysis that body mass index (BMI) greater than 30, weight in
kilograms (kg), psoriatic arthritis (PsA), peripherally located
PsA, diabetes, previous use of TNF, IL-12/23, IL-17, or IL-23,
and number of previous biologics, were all associated with
biologic failure. Patients of male sex and who were naive to
systemic or biologic therapy, were less likely to experience
biologic failure.*> On multivariate analysis, they found that
BMI was indicative of biologic failure while being naive to
biologic therapy was protective. Utilizing the I1L/12-23 in-
hibitor ustekinumab as a comparator on univariate analysis,
they found that the IL-17 agent secukinumab was more likely

to experience failure and the IL-23 agent guselkumab was less
likely to experience failure.> On multivariate analysis, they
found that secukinumab was still more likely to experience
failure, while risankizumab was protective.> On multivariate
Cox regression analysis, Kojanova et al looked at factors
associated with the failure of the anti-TNF agent, adalimumab,
and found that female sex, BMI (30-35), BMI (35-40), pso-
riasis area severity index (PASI) at treatment start, previous
use of 1 biologic agent, previous use of 2 biologic agents, and
previous use of 3 or 4 biologic agents, were associated with
biologic failure. Interestingly, duration of psoriasis was pro-
tective of biologic failure."'

Discussion

While previous studies have highlighted clinical and demo-
graphic factors associated failure of single agents,*'" our study
highlights factors associated with using multiple biologic agents.
Interestingly, BMI was not associated with greater biologic use in
the UCSF cohort, which differs from other study populations
analyzing biologic failure of specific agents.’

Our study also highlights that patients who present with
atypical forms of psoriasis, such as more severe variants of
psoriasis like erythrodermic psoriasis, may be more likely to use
multiple biologic agents. These variants of psoriasis are often
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Figure 3. Biologic survival at 5 Years.

difficult to study in the controlled setting and data on the efficacy
of biologic agents is limited.'>'® Further data assessing the
efficacy of biologic agents treating these populations is needed.

Interestingly, acne was identified as a significant factor
associated with the use of 3 or more biologic agents in our
population. Genetic studies of acne have found an association
with IL36RN,' the same gene associated with pustular
psoriasis. As psoriasis may present on a spectrum between
autoinflammatory (IL-1, IL-36) to adaptive immunity (IL-17),
the presence of acne may suggest an immune response tilted
toward the autoinflammatory axis, which could respond less
well to current psoriasis biologics. Moreover, the gut mi-
crobiome has been linked to several skin diseases?® such as
psoriasis®' and acne.’>** Acne patients may be on oral an-
tibiotic therapy, which may alter the gut microbiome, and there
could be a possible link between the gut microbiome and
response to biologics, as has been shown in rheumatoid ar-
thritis with response to methotrexate.”* Further studies
identifying a pathogenic link between the gut microbiome and
patients who present with acne and psoriasis may strengthen
evidence supporting a link between these diseases, identi-
fying additional factors associated with biologic failure.
These future studies should also clarify if specific acne
treatments (oral antibiotics, isotretinoin, topicals) are asso-
ciated with multi-biologic failure. It is also possible that acne

could be appearing in our study due to other causes. For
instance, acne patients may have more concerns about their
appearance and higher expectations of medications, so it is
important that future studies explore factors such as treatment
expectations as well.

There was a trend towards significance for initial presen-
tation of psoriasis on the gluteal cleft. This may demonstrate
that the initial presentation of psoriasis on special sites may
also predict biologic response. Surprisingly, in the UCSF
cohort, the presence of a family history of psoriasis also
trended toward significance, such that these patients would
more likely use 1 biologic agent compared to 3 or more. This
may suggest that the efficacy of biologic agents may differ
based on the degree to which a patient’s psoriasis manifests
due to genetic or environmental factors. Studies have high-
lighted genetic factors associated with biologic response in
psoriasis such as HLA-06:02.>*® Previous studies have
identified specific environmental antigen exposures linked
with psoriasis pathogenesis, especially the guttate sub-
type.”’° The variable prevalence rates of psoriasis across
geographic regions,’® where factors such as distance from the
equator, altitude, sunlight exposure, photoprotection habits,
and regional variation in antigen exposure can vary,?’ provide
further evidence of environmental exposures linked to pso-
riasis pathogenesis.
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Limitations of our study include its cross-sectional design
and use of self-reported severity and co-morbidities. While our
database captured the number of agents patients have used,
each patient completed the questionnaire at varying timepoints
in their disease and treatment course. Another limitation was
the sample size. There were many trends observed (association
with multi-biologic failure with BMI, smoking, psoriasis
severity) that did not reach statistical significance but that
trended in the expected direction. The study was also con-
ducted from 2006 to 2020, which includes a broad time range
when fewer biologic agents were available, specifically, the
IL-17 and IL-23 inhibitors. Therefore, data is limited on these
agents which have reported higher efficacy than TNF-alpha
and IL-12/23 agents in phase 3 studies.

Future Directions

While biologic agents have transformed the treatment
landscape for psoriasis, real-world data highlights that cer-
tain patients are not responding to biologic agents or are
experiencing a more rapid rate of efficacy loss. Further
studies are needed to identify clinical and demographic
factors associated with using or failing multiple biologic
agents so clinicians and researchers can better characterize
the phenotype of these patients and identify which therapies
are best for them. The National Psoriasis Foundation (NPF)
is launching a study to better characterize these patients,
developing a novel crowd-sourced cloud database to track
patients who fail multiple biologic agents on a nationwide
scale. This database will allow clinicians to contribute cases
of psoriasis patients who have failed multiple biologics or
patients who have been successfully treated with a single
agent. Information on patient demographics and clinical
factors will also be collected. With a larger sample, we hope
to strengthen the findings that have emerged from this study.
Eventually, these forms of data collection might also be
useful for obtaining information on patients with rare forms
of psoriasis, including erythrodermic and generalized pus-
tular psoriasis.
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