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Abstract: Biologics targeting Th1/Th17 cytokines have revolutionised psoriasis treatment.
In addition to treatment effectiveness, it is important to define and understand the long-term
risks of biologic therapy in order to guide therapy selection and minimise these risks for
patients where possible. This review article summarises available evidence from trial data,
observational studies and pharmacovigilance registries to explore key long-term risks of
biologic treatment, and how these risks might be managed in clinical practice.

Keywords: psoriasis, biologics, therapeutics, safety

Introduction

Psoriasis is a chronic, inflammatory skin disease with a global prevalence of up to
2%." It presents with well-defined, red, scaly plaques that can be pruritic or painful
and is associated with comorbidities including psoriatic arthritis, hypertension,
obesity and diabetes.”’ Psoriatic inflammation is primarily T-helper (Th)17 and
Thl-driven, and is mediated by cytokines such as tumour necrosis factor (TNF)-a,
interleukin (IL)-17 and IL-23.%'" Systemic treatment options for severe psoriasis
include broadly-acting oral immunomodulators, such as methotrexate and ciclos-
porin, and biologics, which are monoclonal immunoglobulin-G (IgG) molecules
(with the exception of etanercept) targeting specific cytokines or receptors involved
in psoriasis pathogenesis (Table 1).

While Phase III trials are crucial in providing evidence for efficacy and safety of
therapies, primary outcome measures in psoriasis are usually efficacy endpoints by
12 or 16 weeks. Trial extensions do not typically include comparator arms, and
trials usually exclude participants with significant comorbidities who may be at
greater risk of adverse events.”* Furthermore, there may be a significant lag time
between drug exposure and development of adverse events such as cancer.

This review summarises available trial and observational data for key long-term
risks of biologic therapy in psoriasis, and strategies that can be used to minimize
risk to patients (Table 2). For the purpose of this article, long-term is defined as 12
months or longer following initiation of therapy.

Infection

Infection is one of the main causes of biologic discontinuation.** Trial data for adalimu-
mab showed an infectious adverse event incidence of 1.2 events per patient-year
compared with 0.8 for placebo participants.'? For risankizumab, combined trial data
showed the proportion of patients developing infection was 19-24%, compared with 9—
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Table | Summary of Unique Biologic Therapies Licensed for Plaque Psoriasis

Biologic Structure Target Standard Dosing Average | Efficacy (Trial Primary
Half Life | Endpoint) at Standard
Dose
Adalimumab Human IgGlk TNF-a Loading dose 80mg; 40mg every 2 14 days 71% PASI-75 at week 16."?
weeks
Certolizumab | PEGylated fab TNF-a 400mg weeks 0, 2 and 4, then 200mg 14 days 76.7% PASI-75 at week 16."
pegol fragment of every 2 weeks.
humanized IgGl
Etanercept TNFR and IgG Fc TNF-a 50mg weekly 3 days 34% PASI-75 at week 12.'*
fusion protein
Infliximab Human-murine TNF-a 5mg/kg at weeks 0, 2 and 6, then every 8 | 8-9.5 89% PASI-75 at week 10."®
chimeric 1gG1 weeks days
Secukinumab Human IgGlx IL-17A 300mg weeks 1-5, then 300mg monthly. | 27 days 81.6% PASI-75 at week 12.'¢
Ixekizumab Humanized IgG4 IL-7A 160mg week 0, 80mg at weeks 2, 4, 6,8, | 13 days 82.6% PASI-75 at week 12.'7
10 and 12, then 80mg every 4 weeks
Brodalumab Human 1gG2 IL-17RA 210mg weeks 0, | and 2, then every 2 I'l days 86% PASI-75 at week 12.'®
weeks
Bimekizumab | Humanized IgG| IL-17A, IL-17F, | 320mg weeks 0, 4, 8, 12, 16 then every 8 | 23 days 91% PASI-90 at week 16.'"°
IL-17AF weeks
Ustekinumab Human IgGlx p40 subunit of | 45mg weeks 0 and 4, then every |2 2| days 67% PASI-75 at week 12.2°
IL-12 and weeks
IL-23
Guselkumab Human IgGIA pl9 subunit of | 100mg weeks 0 and 4, then every 8 15-18 70% PASI-90 at week 16.2'
IL-23 weeks days
Risankizumab | Humanized IgG| pl9 subunit of | 150mg weeks 0 and 4, then every |2 28-29 75% PASI-90 at week 16.22
IL-23 weeks days
Tildrakizumab | Humanized IgGl« pl9 subunit of | 100mg weeks 0 and 4, then every |2 234 days | 64% PASI-75 at week 12.2
IL-23 weeks

Abbreviations: IgG, immunoglobulin-G; PASI-75, 75% reduction in psoriasis area severity index (PASI); PASI-90, 90% reduction in PASI.

16% for placebo.”? However, different trials have different
safety outcome measures and do not necessarily include long-
term data, and are not powered to study particular adverse
events of interest such as serious infections.

Serious Infections

Serious infection is defined as those requiring intravenous
death.
A systematic review and meta-analysis (pre-print) of 29,724

antibiotics or resulting in hospitalization or
psoriasis clinical trial participants found a low rate of serious
infection (n=97) at 10-16 weeks with no statistically signifi-
cant difference at 1016 weeks when compared with placebo
or each other®® Strengths of this study included a large

combined sample size and exclusion of studies where the

majority of participants were being treated primarily for
psoriatic arthritis. While the data are reassuring, trial partici-
pants may not be representative of real-world populations and
observational data also need to be considered.

One study of 9038 participants, with a median follow-
up time of 2 years, from the British Association of
Dermatologists  Biologics and Immunomodulators
Register (BADBIR) compared serious infection risk in
patients receiving etanercept, adalimumab or ustekinumab
with non-biologic systemic treatments, and found no sig-
nificant difference in risk between each other.?” Another
study utilising BADBIR found an increased risk of serious
infection on infliximab with an incidence rate (IR) of

47.8 per 1000 person-years (95% confidence interval [CI]
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Table 2 Adverse Events of Interest Caused by Biologics Used for Psoriasis and Risk Management Strategies

Adverse Event Type

Summary

Risk Management Strategies

Infections

Serious infections

Increased risk with infliximab and lower risk with

ustekinumab in observational studies.

Consider avoiding infliximab in patients at high risk of

infection

Fungal infections

Trial data suggests candida infection in all anti-IL17 agents,

particularly bimekizumab

Consider alternative biologic classes in patients where

avoiding candida infection is a priority

Tuberculosis

Increased odds of developing TB on anti-TNFs in meta-
analysis of rheumatoid arthritis trials. No reactivation in 31

risankizumab-treated patients with latent TB

Screen for TB with interferon gamma release assay prior
to initiation of biologic therapy. Treat latent TB prior to
biologic initiation. Consider risankizumab if psoriasis

treatment required before anti-TB therapy.

Post-operative

infections

Lack of data on post-operative risk in psoriasis patients.

Case-by-case consideration on whether to pause biologic
therapy, or whether to time surgery prior to next dose of

biologic if the risk of psoriasis flare is high.

COVID-19 infection

Anti-TNFs may be associated with better prognosis in
event of COVID-19 compared with conventional systemic

agents. Data lacking for other biologic classes.

Insufficient data to inform risk management, There is no
data to suggest that patients should discontinue biologic

therapy during the pandemic.

SARS-CoV-2 vaccine

Reduced seroconversion following first dose of BioNTech/

Continue biologic agent while awaiting vaccination.

response Pfizer and AstraZeneca vaccines in immunomodulator-
treated psoriasis patients (particularly methotrexate). Lack
of data for post-2nd dose seroconversion.
Cancer Observational studies do not demonstrate an increased Encourage patients to participate in national cancer

cancer risk with biologic therapies. Longer term studies
required to account for potential latency between drug

exposure and cancer development.

screening programmes. Consider risks and benefits of
treatment discontinuation on case-by-case basis with

multidisciplinary team input.

Cardiovascular

Heart failure

Anti-TNFs may increase the risk of heart failure, though

data is lacking in psoriasis patients.

Anti-TNF agents are relatively contraindicated in heart

failure; other classes should be considered in this context.

Major cardiovascular
events (MACE)

Little data supporting biologics contributing to MACE.

No evidence to influence biologic-selection in those at
high risk of MACE.

Pregnancy

Certolizumab pegol does not cross the placenta. Limited
data on anti-TNFs, ustekinumab and secukinumab suggests
no increases in prematurity, fetal death or teratogenicity

but studies have limitations.

Certolizumab pegol could be considered a first-line option
in women planning conception. Neonates born to mothers
taking biologics beyond 16 weeks’ gestation should avoid

live vaccines in the first 6 months.

Breastfeeding

Biologics are protein molecules and unlikely to be
absorbed systemically from breastmilk, though there is no

confirmatory data

Inform women that breastfeeding should be safe

theoretically, but there is no evidence to confirm this.

Other

Mental health

Biologic initiation associated with an improvement in
psychiatric symptoms.

Psychiatric comorbidity should not influence choice of
biologic.

Cutaneous adverse
events

A range of potential adverse events reported including

paradoxical psoriasis and eczema.

Insufficient data to inform risk management,

IBD exacerbations

Anti-IL-17s associated with new onset or exacerbation of
existing 1BD.

Avoid anti-IL17s in patients with comorbid IBD

(Continued)
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Table 2 (Continued).

Adverse Event Type | Summary

Risk Management Strategies

Interstitial lung

disease

Limited reports of interstitial lung disease secondary to

anti-TNFs, ustekinumab, ixekizumab and secukinumab.

Insufficient data to inform risk management.

35.7-64.0) compared with non-biologic systemic agents
(IR 14.2, 95% CI 11.5-17.4).%®

More recently, a large cohort study of 44,239 partici-
pants (median follow-up 12 months), undertaken using
electronic healthcare records in France, compared the
risk of serious infection in biologic-treated psoriasis
patients with each other and with those receiving apremi-
last, a phosphodiesterase-4 inhibitor.>’ This showed an
increased risk with infliximab (weighted hazard ratio
[wHR] 1.79, 95% CI 1.49-2.16) and adalimumab (wHR
1.22, 95% CI 1.07-1.38), reduced risk with ustekinumab
(WwHR 0.79, 95% CI 0.67-0.94) and no increased risk with
secukinumab, ixekizumab, brodalumab, guselkumab and
apremilast versus etanercept.”’ However, when partici-
pants with comorbid inflammatory diseases such as
inflammatory bowel disease and psoriatic arthritis were
excluded, there was no difference between the adalimu-
mab cohort compared with etanercept, though the differ-
ence was still significant for infliximab.?® Two other
cohort studies of participants with psoriasis and/or psoria-
tic arthritis found that ustekinumab had a lower risk of
serious infection compared with other biologic classes.*®"
Li et al undertook a retrospective cohort study of partici-
pants receiving biologics for psoriasis, psoriatic arthritis or
both, and included 11,560 treatment episodes, with dispen-
sing of biologic medication defining the index date.’
After propensity score weighting and adjustment for base-
line covariates, there was a lower risk of serious infection
with ustekinumab compared with anti-TNF treatment
(hazard ratio [HR] 0.59, 95% CI 0.39-0.90), and this
remained significant in a subgroup analysis of psoriasis-
only participants. However, this study had a short follow-
up duration of 6 months. The cohort study by Jin et al was
similar in design and involved 123,838 biologic-exposed
psoriasis and/or psoriatic arthritis participants.®' Relative
to ustekinumab, all other biologics had a significantly
increased risk of serious infections, with ORs ranging
from 1.39 (certolizumab) to 2.98 (infliximab). The median
follow-up for biologic treatments ranged from 161 to 305
days. An important limitation of both studies is that they
both relied on data originating from insurance claims in

the US, which may not represent uninsured populations.
Furthermore, due to the nature of the data, psoriasis sever-
ity could not be included as a confounder.

Overall, these studies indicate that ustekinumab has
a lower risk of serious infections relative to other classes,
and infliximab has a higher risk. Therefore, ustekinumab
could be used preferentially in patients at high risk of
infection, whereas infliximab could be avoided. There are
insufficient data to comment on risk associated with anti-
IL-17 and anti-IL-23 agents. A systematic review and
meta-analysis combining data from such observational
studies may delineate any differences between biologic
classes or individual drugs more clearly. It is unclear
whether biologics increase the risk of serious infection
relative to untreated populations as observational studies
have utilised actively treated comparators. Such a study
would be challenging to interpret as active treatment is
likely to be closely associated with other factors, such as
disease severity and comorbidity profiles. There are also
little data on more specific real-world situations, such as
combined treatment. One study demonstrated a crude inci-
dence of serious infection in those taking combined meth-
otrexate and adalimumab of 23.3 (95% CI 12.9-42),
compared with 9.6 (95% CI 5.3-17.3) for methotrexate.*
However, with only 11 cases in each cohort, the confi-
dence intervals are broad and overlap, as they did also for
adjusted relative risk calculations. While further studies
would help to define risks of combined treatment, this can
be challenging to assess in observational studies due to the
very large sample sizes needed, and bias arising from
variation of participant cohort characteristics and timing
of therapies.

Fungal Infections

IL-17 is important in the immune response to fungal
infections.”® A systematic review of anti-IL17 trials
found candida infection occurred in 1.7%, 4% and 3.3%
of secukinumab, brodalumab and ixekizumab-treated par-
ticipants, respectively, compared with 0.3% in the placebo
group.** Of the 395 total cases, one was classified as
severe (0.3%). Bimekizumab has subsequently been
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licensed, with phase 11 trial data showing between 6% and
19.3% of the participants in bimekizumab arms developing
candidiasis, though the longest follow-up was 56
weeks.'”?>37 In the BE RADIANT phase III trial of
bimekizumab versus secukinumab, 12.9-19.3% of bime-
kizumab treated participants developed candidal infection
compared with 3% in the secukinumab arm.’” These data
indicate that bimekizumab may be more likely to cause
candidal infections than other anti-IL17s. In patients where
fungal infection is a concern, other biologic classes may be
more suitable, real-world data over longer follow-up per-
iods are required to define the risk of candida infection in
the long term.

Tuberculosis

Due to potential risk of tuberculosis (TB) acquisition or
reactivation, clinical practice guidelines frequently recom-
mend screening with an interferon gamma release assay
prior to biologic initiation.”® ** A meta-analysis of RCTs
of anti-TNFs used for psoriatic arthritis, rheumatoid arthri-
tis and ankylosing spondylitis demonstrated an increased
odds of developing TB in participants receiving anti-TNFs
(OR 1.94; 95% CI 1.10-3.44) compared with controls.*'
Subgroup analysis indicated the risk was greatest in those
patients with rheumatoid arthritis. To our knowledge, no
similar studies or observational studies of TB risk in
psoriasis patients have been undertaken.

There are data from psoriasis IL-17 and IL-23 inhibi-
tor trial extensions and safety analyses on latent tubercu-
losis infection rates among treated participants, as
summarised by Nogueira et al.*’ These showed two
cases of reactivation of latent tuberculosis in participants
receiving ustekinumab, and none in those receiving secu-
kinumab, ixekizumab, brodalumab, guselkumab, tildraki-
zumab and risankizumab, though anti-tuberculous therapy
was used concomitantly in some of these trials.** The
IMMhance trial included risankizumab treatment for 31
participants with latent tuberculosis who did not receive
anti-tuberculous therapy, and there were no cases of
reactivation.*’ In practice, patients are usually screened
for tuberculosis with an interferon gamma release assay
prior to initiation of biologic therapy and latent tubercu-
losis treated prior to commencement of biologic
therapy.®® In patients with latent TB where urgent treat-
ment of psoriasis is needed and cannot wait for anti-TB
therapy, risankizumab has the strongest evidence base for
safe use in this context, whereas anti-TNFs should be
avoided.

Post-Operative Infection

While there are limited data on post-operative infection risk
of anti-TNF treatment in psoriasis patients, several studies
have been conducted in participants with inflammatory
bowel disease (IBD). Some meta-analyses have concluded
that anti-TNF agents are associated with an increased risk of

444
D,***" whereas

post-operative infections in patients with IB
others have found no increase in risk.**>° Conflicting data
may be a result of heterogeneity of studies included in these
meta-analyses and small sample sizes.”' In a small cohort
study of 60 participants taking either anti-TNF agents or
ustekinumab, there was no significant difference in the rate
of post-operative wound infection.> This study lacked
a non-biologic control group. George et al undertook
a retrospective cohort study in participants receiving inflix-
imab for IBD, psoriasis or inflammatory arthritis and found
no difference in infection risk after withholding treatment
for <4 weeks compared with 8-12 weeks (OR 0.90, 95% CI
0.60—1.34).> There are no data available on post-operative
infection risk for anti-IL17 or anti-IL23 biologics. Given
the lack of data in psoriasis patients, some clinical practice
guidelines recommend case-by-case consideration on
whether to pause biologic treatment.® The joint American
Academy of Dermatology-National Psoriasis Foundation
(AAD-NPF) guidelines recommend continuation of biolo-
gic therapy during low-risk surgical procedures, but case-by
-case consideration for moderate- or high-risk procedures.*’

Coronavirus-19

Given the increase in risk of infection with some biologics
as described above, it is plausible that biologics could
attenuate the immune-response to severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) and therefore
increase the risk of severe COVID-19. Early in the pan-
demic, Gisondi et al conducted a retrospective observa-
tional study of 5206 psoriasis patients on biologic therapy
and recorded clinical data from patient records or
contact.’* There were no COVID-19 related deaths, com-
pared with an incidence rate of 1.6 in the general popula-
tion, and fewer patients hospitalised. This study had no
control group, however. Another study with 600 partici-
pants found that anti-TNF exposure reduced the odds of
hospitalisation in participants with rheumatic disease,
while corticosteroid exposure more than or equal to
10mg per day increased the odds of hospitalisation.>
Presumably due to sample size considerations, different
biologic and non-biologic drugs were pooled together for
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analysis and so it is not possible to comment on drug-
specific effects. A more recent cohort study by Izadi et al
combined data from a number of registries spanning dif-
ferent countries and disease domains, and included 6077
participants receiving immunomodulators for immune-
inflammatory diseases (IMIDs) including
This found that compared with anti-TNF
monotherapy, higher odds of hospitalization or death asso-

mediated
psoriasis.”®

ciated with COVID-19 were found in those receiving
methotrexate monotherapy (OR 2.00, 95% CI 1.57-2.56)
and other oral therapy regimens. There was no significant
difference between those on anti-TNF monotherapy versus
anti-TNF combined with methotrexate (OR 1.18, 95% CI
0.85—1.63). There are several important limitations of this
study. There are regional differences in COVID-19 treat-
ment practices and public health guidance, which could
mean different incidence of COVID-19 across participant
groups. Furthermore, non-anti-TNF biologic classes perti-
nent to psoriasis treatment were not included. A smaller
study (n=374) utilising data from the PsoProtect registry,
which is a global clinician-reported registry for cases of
COVID-19 in people with psoriasis, did incorporate all
biologic classes used for psoriasis.”” Compared with bio-
logic therapies, non-biologic systemic therapies were asso-
ciated with a higher risk of hospitalization due to COVID-
19 (OR 2.72, 95% CI 1.37-5.40); there was no significant
difference from a control group not receiving systemic
treatment. The main limitations of this study are the
small sample size, resulting in wide confidence intervals,
and open to selection bias as the PsoProtect registry relies
on clinicians to report cases. The available data suggests
that biologics, particularly anti-TNFs, may be associated
with better prognosis in the event of COVID-19 compared
with oral systemic agents. Larger datasets are needed to
delineate the influence of specific drugs and other biolo-
gics such as IL-17 and IL-23 inhibitors on COVID-19
outcome.

Vaccination is a key long-term strategy in controlling
the pandemic, and the potential influence of biologics on
immunity following vaccination is an important considera-
tion. One study of 26 participants receiving one or more
biologic or non-biologic immunomodulators for IMIDs
found that average anti-SARS-CoV-2 IgG titres were
lower in this group compared with 42 healthy controls, 7
days after the second dose of the BioNTech/Pfizer or
Moderna vaccines.’® The sample size was small and
immunomodulator drugs taken quite heterogeneous,
including anti-TNFs, anti-IL17s, ustekinumab, tocilizumab

(anti-IL-6), vedolizumab (anti-a4p; integrin) and belimu-
mab (anti-B-cell activating factor). Furthermore, statistical
analysis was undertaken using the Mann—Whitney test
without adjustment for confounding variables. Our group
found that of 120 participants receiving biologics or oral
immunomodulators for psoriasis or other IMID, 85% had
detectable anti-SARS-CoV-2 immunoglobulin following
the first dose of BioNTech/Pfizer and AstraZeneca
vaccines.”® Furthermore, relative to biologics, there was
a reduced odds of anti-spike IgG production with oral
immunomodulators (OR 0.18, 95% CI 0.06-0.59) and
reduced odds of total anti-spike immunoglobulin with
combined biologic and oral immunomodulators (OR
0.06, 95% CI 0.01-0.80).>° A strength of this study was
that it identified those with prior infection (including
asymptomatic infection) by measuring anti-nucleocapsid
antibodies present following infection but not vaccination.
Limitations included a heterogeneous study population
with small numbers of participants on some biologics,
and disease type was not included as a confounder in the
logistic regression model. Mahil et al examined humoral
and cellular responses to first-dose BioNTech/Pfizer vac-
cine in psoriasis patients on biologics or methotrexate
(n=87) versus healthy controls (n=17) by measuring anti-
spike protein IgG, antibody neutralising ability and IL-2
and IL-21 responses to SARS-CoV-2 spike glycoprotein
peptides.®® The median treatment duration was 3.3 years.
The results showed reduced seroconversion rates in immu-
nomodulator-treated psoriasis participants (78%, 95% CI
67-87%) compared with healthy controls (100%, 95% CI
80-100%) after first-dose of the BioNTech/Pfizer vaccine.
Importantly, this was lowest in those receiving methotrex-
ate (47%, 95% CI 21-73%). Seroconversion rates by bio-
logic class were 79% for anti-TNF, 100% for anti-IL17
and 83% for anti-IL23 participants. Median spike-specific
IgG titres were also lower in immunomodulator-treated
participants relative to controls. There was no significant
difference in IgG titres between methotrexate and biolo-
gic-treated psoriasis patients. Neutralising antibody activ-
ity and cellular responses were preserved in biologic-
treated patients relative to controls.®” In those receiving
methotrexate, neutralising antibody activity was signifi-
cantly lower than in controls, though cellular responses
were maintained. While the data are quite convincing for
the effect of methotrexate on seroconversion versus con-
trols, a larger sample size is needed to conclude whether
there is a significant difference between methotrexate and
biologics, and between biologic classes.
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While the vaccine data presented have several limita-
tions with regards to sample sizes, participant heterogene-
ity, relevance to all vaccine types and variety of assays/
outcome measures used, they indicate that vaccination
does elicit the appropriate neutralising antibody and cel-
lular responses to vaccines in most patients receiving
biologics. This group of patients could continue their
biologic while awaiting vaccination. Patients taking non-
biologic systemic agents such as methotrexate have
a lower chance of seroconversion on treatment and may
benefit from pausing or postponing therapy around the
time of vaccination. However, the effects of pausing treat-
ment need to be understood through trials such as the
Vaccine Response On/Off Methotrexate Study, which is
a multicentre randomised controlled trial examining the
effects of temporarily suspending methotrexate for 2
weeks after booster vaccination.®!

Given the lack of data, variety of vaccine types, dosing
regimens and intervals, and the heterogeneity of outcome
measures for vaccine response, more data are needed to
establish ~ whether
effectiveness.

biologics  influence  vaccine

Cancer

Because cancers can evade immune surveillance, it is
important to understand whether biologics increase the
risk of malignancy. Peleva et al undertook a systematic
review of eight observational studies (7 on anti-TNFs, 1 on
ustekinumab) and found no evidence of increased cancer
risk on biologic therapies, though limitations of included
studies were noted such as inadequate adjustment for con-
founders and follow-up period that may be too short.®*
A nested case—control study, using multi-national registry
data from Psonet (European Registry of Psoriasis),
included 728 cases (patients who developed an incident
cancer) and 2671 controls.®® This study found that the risk
of first cancers was not significantly associated with bio-
logic exposure, with an adjusted odds ratio (OR) per year
of 1.02 (95% CI 0.92—1.13).%

Recent studies have examined the risk of skin cancers
in this population. Two cohort studies by Mason et al
utilised BADBIR to examine the risk of keratinocyte
skin cancers (basal cell carcinoma [BCC] and squamous
cell carcinoma [SCC]) in participants that had no prior
history of keratinocyte cancers,* and in those with
a prior history of keratinocyte cancer.®> The first study
included 14,800 participants, with 9398 in the biologic
cohort and 5402 in the non-biologic systemic cohort.**

Compared with non-biologic systemic therapy, there was
no increased risk of BCC (adjusted HR [aHR] 1.20, 95%
CI 0.71-2.04) or SCC (aHR 1.19, 95% CI 0.59-2.40) in
the biologic cohort. The second study included 267 parti-
cipants with a prior history of BCC and/or SCC, and found
no association between biologic therapy and development
of BCC (aHR 0.89, 95% CI 0.42—1.89) or SCC (aHR 0.83,
95% CI 0.37-1.89).°> The main limitation of both studies
was the low number of cases of BCC/SCC in both cohorts,
which might mask smaller effect sizes of biologic thera-
pies on keratinocyte cancer risk. Regarding melanoma
risk, a systematic review of seven cohort studies identified
no statistically significant increase in risk in biologic-
treated psoriasis patients (HR 1.57, 95% CI 0.61-4.09);
however, the authors concluded that more robust studies
with larger patient numbers are needed.®®

While the data so far are reassuring, many of the
biologics used in psoriasis are relatively new and the
potential latency between drug exposure and cancer devel-
opment means that ongoing data collection within regis-
tries is needed to establish long-term risk of new or
recurrent cancer with biologic therapy. Therefore, the
authors’ opinion is that the choice of biologic agent should
not be influenced by potential cancer risk. To mitigate
potential risk, clinical guidelines suggest encouraging
patients to participate in national cancer screening pro-
grammes and to consider risks and benefits of treatment
discontinuation on a case-by-case basis with multidisci-

plinary team and oncology input.***°

Cardiovascular Risks

Due to the potential role of TNF-a in heart failure (HF)
pathogenesis,”’ infliximab was trialled on 150 patients with
New York Heart Association class III or IV heart failure.®®
Unfortunately, infliximab at a dose of 10mg/kg was asso-
ciated with an increase in all-cause death and hospitalisation
due to HF.®® There have also been reports of HF developing
or worsening in anti-TNF-treated patients, including in 19
people without risk factors for heart disease.®” To our knowl-
edge, no studies have evaluated the risk of HF on anti-TNFs
or other biologic classes in psoriasis patients. Registry and
observational studies of anti-TNF-treated rheumatoid arthri-
tis patients suggest that anti-TNFs do not increase the risk of
HF.”*"* However, these studies had limitations and varying
methodology. Two used hospital admission or mortality from

7172 whereas others used health-

HF as an outcome measure,
care records/participant recall of diagnosis or diagnostic tests

for diastolic HF.”*”® Two studies had relatively small sample
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7273 which limit the detection of smaller effect sizes,

sizes,
and one had retrospective design.”*

Unlike with HF, the risk of major cardiovascular events
(MACE), such as acute coronary syndromes and strokes,
with biologic therapy has been studied in psoriasis
patients. A cohort study included 5468 biologic-naive
who were subsequently exposed to ustekinumab (n=951),
etanercept (n=1313), adalimumab (n=3204) and metho-
trexate (n=2189) with a median follow-up of 2 years.”*
There were no differences in risk of MACE between
ustekinumab vs anti-TNF (aHR 0.96, 95% CI 0.41-2.22),
etanercept vs adalimumab (aHR 0.81, 95% CI 0.28-2.30)
and methotrexate vs adalimumab (aHR 1.05, 95% CI
0.34-3.28).”* The wide CIs suggest that a larger sample
size may be needed to more precisely estimate risk.
Furthermore, similar to cancers, there may be a longer
lag time before exposure and onset of adverse event
which require longer follow-up periods to detect. A case-
time-control study by Poizeau et al utilised the French
national health insurance database to assess whether initia-
tion of ustekinumab was associated with an increased
incidence of MACE in psoriasis patients with either high
or low cardiovascular risk.”> There were 9290 ustekinu-
mab-exposed patients with psoriasis (n=7974) or Crohn
disease (n=1110), with high cardiovascular risk defined
as possessing two risk factors or a personal history of
atherothrombotic disease. Of the 98 participants with
a MACE, those with a high cardiovascular risk were
more likely to have started ustekinumab in the risk-
period (6 months prior to the adverse event) compared to
the reference period (6—12 months prior to adverse event)
[OR 4.17, 95% CI 1.19-14.59]. There was no increase in
risk during the risk period for those in the low cardiovas-
cular risk cohort (OR 0.30, 95% CI 0.03-3.13). With this
type of study design, it is difficult to control for confoun-
ders that are also time-dependent, such as psoriasis sever-
ity. For example, patients early in treatment might have
more-poorly controlled disease, which increases the like-
lihood of the adverse event in question. Further potential
limitations are summarised by de Brito et al and includes
the arbitrary selection of 6 months as the risk-period cut-
off and tendency of therapy adverse events to cluster early
in susceptible individuals, leaving a relatively healthy
cohort for analysis in the later time category.”®

Pooled trial and post-marketing surveillance data reas-
suringly demonstrated a low risk of MACE in psoriasis
patients receiving secukinumab (0.3 exposure adjusted
incidence rates per 100 patient-years); however, data for

control participants were not available.”” To our knowl-
edge, no data examining the risk of MACE have been
published for other anti-IL17s or the anti-IL23s.

In conclusion, while there is conflicting evidence link-
ing anti-TNF agents to onset or exacerbation of heart fail-
ure, there is little data to support biologics contributing to
MACE such as myocardial infarction or stroke. Therefore,
in patients with heart failure, anti-TNF agents are rela-
tively contraindicated and alternative classes may be more
suitable.***° Anti-TNF treatment should be stopped in the
event of new or worsening heart failure, and specialist
advice sought.’® There is no strong evidence to suggest
preferential selection of one biologic class over another in
those at higher risk of MACE.

Biologics in Pregnancy and

Breastfeeding

Potential risks of biologic therapy in pregnancy include
teratogenicity, increased risk of spontaneous abortion and
neonate immunomodulation. Most data for biologic use in
pregnancy are for anti-TNF agents, as these have been
used for the longest in psoriasis. While anti-TNF agents
do cross the placenta (with the exception of certolizumab
pegol), there is no evidence of teratogenicity or increased
spontaneous abortion risk in animal models.”®
A systematic review of IBD literature included 58 studies
containing 1533 or more anti-TNF-exposed pregnant
women identified no adverse outcomes in the mother or
neonate.” A subsequent systematic review of four cohort
studies in psoriasis patients identified an increased odds of
teratogenicity or preterm birth in anti-TNF treated patients
in several studies, but this did not reach statistical signifi-
cance in all of them.®® The quality of evidence of all four

3

studies included in this review was classified as “very
low” using an adapted GRADE toolkit due to various
sources of bias, inconsistency and studies being carried
out in indirect populations of women without known
psoriasis.

Placental transfer of maternal IgG to the fetus is impor-
tant for its immunological protection and is mediated by
the FcRn receptor on syncytiotrophoblast (placental
epithelial) cells that bind to the Fc fragment of IgG."'
Certolizumab pegol is a pegylated anti-TNF IgGl anti-
body that lacks the Fc antibody fragment, and therefore
does not undergo FcRn-mediated transfer across the
placenta.®? Analysis of prospectively collected data from
528 reported pregnancies known outcomes after maternal
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exposure to certolizumab pegol showed no increased risk
of teratogenicity or fetal death compared with the general
population.®

Regarding other biologic classes, data are very limited.
One retrospective cohort study of ustekinumab-treated
IBD patients found no increase in prematurity, fetal death
or teratogenicity when compared with anti-TNF-exposed
patients.** However, the sample size was small (29 cases
and 76 controls). Another study of 292 patients with
maternal exposure secukinumab used for psoriasis, psor-
iatic arthritis, ankylosing spondylitis and other indications
found rates of fetal death and teratogenicity in line with
the general population, though this study lacked a control
group.® In the absence of well-designed studies specifi-
cally addressing biologic exposure in psoriasis during
pregnancy, no firm conclusions about safety in pregnancy
can be reached. As is the case for other undefined risks,
decisions regarding treatment need to be made on a case-
by-case basis and clinical practice guidelines may differ.
The joint ADD-NPF guidelines note that anti-TNF treat-
ment is safe during pregnancy and lactation, but the risk
for other classes is unknown.’* The BAD guidelines
recommend that women of childbearing potential use
effective contraception while on biologic therapy and
that certolizumab pegol could be considered a first-line
option when starting biologic therapy in women planning
conception.”® Furthermore, due to the potential presence of
biologic drug in neonates born to mothers taking biologics
beyond 16 weeks’ gestation, live vaccines should be
avoided in the first 6 months in these infants.*®

In the case of breastfeeding, biologics are protein
molecules and are unlikely to be absorbed systemically,*®
and breastfed infants of biologic-treated mothers appear to
suffer no more complications relative to non-breastfed
infants or infants unexposed to these drugs.®

Our perspective is that certolizumab pegol should be con-
sidered in women planning conception, continuation of other
treatments during pregnancy should be decided on a case-by-
case basis. Women wanting to breast-feed while on biologic
therapy should be informed that this should be safe theoreti-
cally, but that there is no evidence to confirm this yet.

Other Risks
Mental Health

There is a known association between depression and
psoriasis, and that biologic use is associated with
a reduction in depressive symptoms.®’*® While there is

no clear biologic mechanism through which the reverse
could happen, ie, biologics inducing or exacerbating psy-
chiatric symptoms, there were reports of psychiatric
adverse events during Phase 3 trials of brodalumab.'® An
analysis of brodalumab Phase 2 and 3 clinical trial data
explored the possibility of brodalumab causing psychiatric
adverse events.® The analysis included 4464 brodalumab-
exposed participants, with 564 receiving brodalumab after
ustekinumab exposure. A higher proportion of the broda-
lumab cohort had improvement in anxiety and depression
scores compared with placebo. At baseline, the proportion
of patients with prior psychiatric disorders was similar
among treatment arms (17.1% placebo; 19.7% ustekinu-
mab; 17.5% brodalumab). There were 3 confirmed sui-
cides in the brodalumab group. Rates of psychiatric
adverse events were comparable among treatment groups,
and the follow-up time-adjusted incidence rates of suicidal
ideation and behaviour was comparable between the bro-
dalumab and ustekinumab groups (0.20 vs 0.60 per 100
patient-years, respectively). A time-to-event analysis also
revealed no temporal relationship between these events
and brodalumab initiation. Limitations of this study result
from inherent limitations in trials, which are not powered
to study rare adverse events and do not typically include
comparator arms after week 52.

Current evidence indicates that biologic initiation is
associated with an improvement, rather than worsening,
of psychiatric symptoms. Therefore, psychiatric comorbid-
ity should not be a barrier to biologic therapy or influence
choice of biologic.

Inflammatory Adverse Events

A range of paradoxical inflammatory reactions to biologics
have been reported, including cutaneous adverse events,
IBD and interstitial lung disease. Reported skin reactions
to biologics in patients with rheumatological disorders,
IBD and psoriasis include paradoxical psoriasis, eczema,
pustular disorders and lichenoid eruptions.’” In the case of
eczema developing in biologic-treated psoriasis patients,
a systematic review of published cases, observational stu-
dies and trial data found that in those with reported treat-
ment outcomes, 46% of the patients discontinued their
biologic treatment and there was significant heterogeneity
in treatment strategies.”’ While this figure could be
skewed by publication bias, it highlights the potential
impact of cutaneous adverse events on affected patients.
Factors predisposing patients to eczematous reactions are
unclear, but included a prior history of atopy in 46% of
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published cases.”’ There have been no observational stu-
dies in psoriasis patients to confirm an association with
clinical or demographic factors, though an integrated
safety analysis of ixekizumab trial data found an associa-
tion between prior history of eczema and development of
eczema on ixekizumab, ustekinumab or etanercept.’”

At this stage, it is not possible to anticipate which
patients will develop cutaneous adverse events in order
to manage risk or guide therapy selection. A range of
research methodologies are needed to understand the
molecular and immunological basis of these events,
genetic risk and clinical risk factors for cutaneous adverse
events in order to achieve this aim and reduce risk for
patients.

While IBD can be treated with anti-TNF agents and
ustekinumab, anti-IL-17s can paradoxically flare IBD. This
was first noted in clinical trials of anti-IL17s in patients with
IBD.”*** Subsequent trials of anti-IL17s for patients with
psoriasis, psoriatic arthritis, rheumatoid arthritis and ankylos-
ing spondylitis also resulted in new cases of IBD secondary
to secukinumab, ixekizumab and brodalumab.”>*® There
have been no reported cases of new or exacerbated of IBD
secondary to bimekizumab to date. As summarised by Fauny
et al, there are also case reports of IBD developing in psor-
iasis patients treated with anti-IL17s.°” A recent cohort study
of the French national healthcare system database compared
the risk of new-onset IBD in 16,793 anti-IL17 users with
20,556 apremilast users and 10,245 etanercept users.”® After
adjusting for disease severity, there was no greater risk of
IBD in anti-IL17 users compared with those on etanercept,
though the risk was greater than users of apremilast. This is
the first such study to date, and further similar studies need to
be conducted. Based on current evidence, use of anti-IL17s
in patients with IBD should be avoided. Patients developing
symptoms of IBD while on anti-IL17s should be investigated
and consideration given to withdrawing treatment.

Interstitial lung disease has also recently been reported
as a potential adverse event to all biologic classes used in
psoriasis.””'° One retrospective review of 603 psoriasis
patients on anti-IL17/23 biologics identified six cases of
interstitial lung disease occurring at a mean of 14 months
after biologic initiation, with five improving after drug
cessation.”® Another series identified eight cases on anti-
TNF agents, and one case each on secukinumab, ixekizu-
mab and ustekinumab.'” A retrospective cohort study
published in 2015 found no difference in risk of interstitial
lung disease in rheumatoid arthritis patients treated with

anti-TNFs versus those receiving abatacept, rituximab or
tocilizumab.'®" Given the lack of data, it is not possible to
conclude whether biologics used in patients with psoriasis
are truly associated with an increased risk of interstitial
lung disease.

Conclusions

While it is not possible to cover all potential treatment risks
and management strategies, this review summarises the evi-
dence base for key risks of interests. The uncertainty sur-
rounding risk of some of these risks outlined above
highlights the importance of well-designed, properly con-
trolled observational studies and registries that collect data
prospectively over long periods of time. Risk management
starts from initial consultation with the patient for example,
by establishing comorbidities that may preclude use of cer-
tain biologic treatments. Balance of risks versus benefits is
inherent in clinical practice, and needs to be applied when
considering biologic therapy, particularly where the available
body of evidence is not robust. As well as further research
identifying and quantifying risk in the psoriasis cohort as
a whole, it is important to understand which factors drive
differential treatment response and adverse event onset in
order to improve personalisation of therapy.
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