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Summary

Background Biologics directed against the T-helper (Th)-17 pathway have been approved for several inflammatory
diseases. Interleukin (IL)-17 is involved in anti-Candida host defense, and clinical trials suggested increased candidia-
sis incidence during IL-r7 inhibitor therapy. We describe the worldwide epidemiology of candidiasis during Thry
inhibitor therapy, and immunological mechanisms involved in candidiasis susceptibility.

Methods A comprehensive analysis of multiple independent sources reporting Candida adverse events during bio-
logics inhibiting the Thry pathway was performed. Association between Thry inhibitors and candidiasis was
assessed using safety reports of (1) WHO and (2) EMA, (3) a population-based prescriptions registry, and (4) a psoria-
sis cohort. In a cohort of psoriasis patients experiencing candidiasis during Thry inhibitors, Candida killing by
immune cells and serum inflammatory proteome were analyzed.

Findings A strong association between IL-17 inhibitors and candidiasis (ROR 10-20) was found in the WHO data-
base, particularly for cutaneous (ROR 12-28), oropharyngeal (ROR 19-18), and esophageal candidiasis (ROR 21-20).
Risk was higher relative to TNF-« inhibitors (4—10-fold, depending on candidiasis type), confirmed by EMA reports
(16—33-fold), prescriptions registry (2—42-fold), and a psoriasis cohort (3—25-fold). After start of IL-r7 inhibitors,
patients’ risk of candidiasis requiring antifungals increased 2—16 fold. In the psoriasis cohort, 58% of IL-17 treat-
ment episodes were associated with candidiasis. In Thry inhibitor recipients, proteins involved in anti-Candida
immunity and Candida killing by mononuclear leukocytes were impaired.

Interpretation IL-17 inhibitors are associated with an increased risk of oropharyngeal, esophageal, and cutaneous
candidiasis, posing a significant disease burden for IL-17 inhibitor recipients.
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Research in context

Evidence before this study

We searched Pubmed for published research articles on
Candida adverse events during Th17 inhibitor therapy in
May 2016. We have used the search terms “candidiasis”,
Candida infection”, “ustekinumab”, “guselkumab”, “secu-
kinumab”, “ixekizumab”, “brodalumab”, “IL-17 inhibitors”,
anti-IL17 monoclonal antibodies”, “IL12/23 inhibitors”,
and “anti-IL12/23 monoclonal antibodies”. All articles
found described data from pre-authorization clinical trials.
Publications of all major phase 2 and 3 clinical trials and
pooled safety analyses of IL-17 inhibitors (secukinumab,
ixekizumab, brodalumab), and 1L-12/23 inhibitors (IL-12/
23p40 (ustekinumab), IL-23p19 (guselkumab)) were stud-
ied. Studies reporting on Candida adverse events during
the trial were included. Candidiasis was reported in 4.0-
6.5% of patients treated with brodalumab, in 1.7-4.7% of
patients treated with secukinumab, and in 3.3-3.6% of
patients treated with ixekizumab. A pooled safety analysis
of 10 phase 2 and 3 clinical studies of secukinumab
showed a skin/mucosal candidiasis incidence rate of 3.55
per 100 subject years for secukinumab 300 mg and of
1.85 per 100 subject years for secukinumab 150 mg. No
mention of Candida adverse events was made in clinical
trial publications of ustekinumab and guselkumab.

Added value of this study

To our knowledge, our global pharmacovigilance study of
multiple independent sources is the first to describe the
epidemiology of Candida adverse events during ustekinu-
mab, secukinumab, ixekizumab and brodalumab treat-
ment in the real world. To put results in a broader
perspective, TNF-o inhibitors served as a reference group
for all epidemiological substudies. We found that treat-
ment with IL-17 inhibitors is associated with an increased
risk of candidiasis, especially oropharyngeal and esoph-
ageal candidiasis. Risk of IL-12/23 inhibitors is comparable
to the risk of TNF-« inhibitors. Furthermore, we provide a
first insight into the immunological mechanisms involved
in candidiasis susceptibility in Th17 inhibitor recipients
who developed candidiasis during therapy. We found an
impaired Candida killing by mononuclear leukocytes, and
targeted serum proteomics of inflammatory factors
involved in host defense displayed nine significantly
downregulated proteins.

Implications of all the available evidence

Oropharyngeal and esophageal candidiasis pose a sig-
nificant disease burden in IL-17 inhibitor recipients. This
suggests that close monitoring of IL-17 inhibitor recipi-
ents for candidiasis is advisable, and antifungal prophy-
laxis may be considered for patients with recurrent or
chronic candidiasis. Future studies may identify addi-
tional predisposing host factors amenable for screening
of anti-IL17 candidates, to guide antifungal prophylaxis
or anti-Candida vaccination (currently in phase 2 stud-
ies) in the future.

investigation for rheumatoid arthritis.” This group of
biologics include IL-17 inhibitors (secukinumab, ixeki-
zumab, brodalumab), and IL-12/23 inhibitors (IL-12/
23p40 (ustekinumab), IL-23p19 (guselkumab)).

Interleukin (IL)-17 is essential in the host defense
against mucocutaneous candidiasis, inducing neutro-
phil chemotaxis and antimicrobial peptide activity.'*""*
Patients with inborn defects in IL-17 immunity display
severe and chronic skin and mucosal candidiasis.”*™"#
Mucocutaneous candidiasis as complication of IL-17
inhibitors has been described in several clinical tri-
als.”™"7 Candidiasis was reported in 6-5% of patients
treated with brodalumab,’® 4-7% with secukinumab,®
and 3-6% with ixekizumab." In a pooled safety analy-
sis of ten clinical trials, a skin/mucosal candidiasis
incidence rate of 3-55 per 100 person-years was found
for secukinumab (300 mg), compared to 1-37 for eta-
nercept.” A recent trial of the new IL-17 inhibitor
bimekizumab reported oropharyngeal candidiasis in
15% of patients, versus 1% for ustekinumab.*®

Here, we describe the real-world epidemiology of
candidiasis in Thry inhibitor recipients by a comprehen-
sive analysis of multiple independent sources world-
wide, including the World Health Organization (WHO)
and European Medicines Agency’s (EMA) adverse drug
reaction databases, combined with a population-based
drug prescriptions registry, and a psoriasis cohort. Fur-
thermore, we provide insights into immunological
mechanisms involved in candidiasis susceptibility.

Methods

WHO

The WHO global database of individual case safety
reports (ICSR), Vigibase®, contains all ICSR of national
pharmacovigilance centers of 131 member countries of
the WHO Programme for International Drug
Monitoring.”"** All ICSR available in the database on
January 2™, 2018 containing a MedDRA (Medical Dic-
tionary for Regulatory Activities) term possibly codify-
ing for Candida infection and a WHO-Drug term
codifying for secukinumab, ixekizumab, ustekinumab,
etanercept, adalimumab, or infliximab, listed as the sus-
pected drug by the reporter, were extracted by a data sci-
entist at the Uppsala Monitoring Centre.”>** The
MedDRA terms were classified along anatomical site
and probability (proven, probable, or possible) of candi-
diasis (eTable 1).

EMA

EMA assesses pre-authorization clinical trials before
approving new drugs to the market. European public
assessment reports (EPAR), contain these clinical trial
safety sets.” Post-authorization, EMA receives confiden-
tial periodic safety update reports (PSUR) from
companies’ safety databases. PSUR contain serious
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adverse events (SAE) from clinical trials, company-initi-
ated and sponsored post-authorization safety studies,
and spontaneously reported adverse drug reactions
(ADR). Candida adverse events (AE) and ADR were col-
lected from the PSUR for secukinumab, ixekizumab,
infliximab, etanercept, and adalimumab, using the cate-
gorization of MedDRA terms along anatomical site and
probability (eTable 1). The numbers of patients in post-
authorization clinical trials and estimates of the person-
years of exposure during post-authorization use were
extracted from PSUR, and used for incidence propor-
tion (clinical trials) and event rate (ER) (commercial
use) calculations (eMethods).

Population-based drug prescriptions registry
(PHARMO)

The PHARMO population-based drug prescriptions reg-
istry is a network of electronic healthcare databases
combining data from primary and secondary healthcare
in the Netherlands, and covers a catchment area repre-
senting 4-2 million residents.>® Prescriptions of Thry
(ustekinumab, secukinumab, ixekizumab), TNF-o
inhibitors (infliximab, etanercept, adalimumab), and
concomitant drugs were obtained from 1998 (first TNF-
« inhibitor authorization) to 2018 (eTable 2). Antifungal
prescriptions were classified along anatomical site of
candidiasis (eTable 3) and divided into single and
chronic events (eMethods). Comparisons were made
with psoriasis patients without biologics and healthy
controls (patients without psoriasis and without biolog-
ics) (eMethods).

Psoriasis Cohort

All patients treated for plaque psoriasis with biologics at
the outpatient dermatology ward at the Radboudumc
university centre between January and November, 2018
were included. Patients were treated according to Dutch
and European guidelines. Patients had previously
signed informed consent for the prospective BioCAP-
TURE registry.”” For additional immunology studies,
the study protocol was approved by the medical ethics
review committee, and written informed consent was
provided by all participants.

At any time during treatment, patients were asked
for current symptoms or previous episodes of candidia-
sis. For all episodes, results of microbiological cultures,
endoscopy, pathology, and reports on physical examina-
tion and treatment response were collected (eMethods).
All candidiasis episodes were classified along anatomi-
cal site and probability (eTable 4). For each type of Can-
dida infection, only one episode was counted per
patient, to prevent recollection bias.

For immunological investigations, psoriasis patients
with a history of candidiasis during Thry inhibitors
(ustekinumab, guselkumab, ixekizumab, brodalumab)
served as index cases (eMethods), those without
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candidiasis and healthy persons served as independent
control groups. Blood samples were collected for isola-
tion and incubation of mononuclear and polymorpho-
nuclear leukocytes with live C. albicans as described
previously, and killing of Candida cells was assessed
after 24h.>® Targeted inflammation proteomics analysis
was performed in serum by Olink Proteomics (Uppsala,
Sweden). Circulating concentrations of 92 unique pro-
teins involved in inflammation were measured by real-
time PCR using proximity extension assay (PEA)
technology.”

Statistical analysis

Normally distributed variables were tested using inde-
pendent-samples T tests, non-normal distribution with
non-parametric alternatives. Pearson Chi-squared test
was used for distribution of categorical variables. Inci-
dence proportions, exposure-adjusted incidence and
event rates, and risk ratios (RR) were compared using
Fisher’s exact test with mid-p method. All hypotheses
tests were 2-sided (level of significance a priori: o-05).
IBM SPSS v25; SAS v9-4, SAS Enterprise Guide v8-3
(SAS), R v3-52 with Limma package were used. Source
specific analyses: see eMethods.

For the WHO database, reporting odds ratios (ROR)
were calculated as a measure of disproportionality repre-
senting the associations between biologic use and
reports on candidiasis.>®?" The odds for candidiasis was
defined as the likelihood of Candida infection, expressed
as a proportion of the likelihood that any other adverse
event in the WHO database will occur. The ROR repre-
sents the odds that Candida infection will occur during
use of a specified biologic, compared to the odds of Can-
dida infection occurring during any other drug use in
the WHO database (eMethods). ROR >1 indicates more
frequent reporting of a given ADR than any other drug
in the database. To assess the risk of candidiasis for
Th17 compared to TNF-« inhibitors, ROR were also cal-
culated using only TNF-« inhibitors as the reference
group, rather than all other drugs in the database.

EMA safety reports (PSUR) have not captured
patient exposure durations for post-authorization clini-
cal trials. Therefore, incidence proportions were calcu-
lated for SAE. Exposure-adjusted ER were calculated for
ADR during commercial post-authorization use.

For the population-based prescriptions registry
(PHARMO), the event rate (ER) of antifungal prescrip-
tions was compared between biologics, psoriasis con-
trols, and healthy controls. In addition, before-and-after
comparisons within patients were performed compar-
ing the rate of antifungal prescriptions during biologic
use to the period prior to biologic use. Analyses were
done for biologics prescribed for any indication and for
a subgroup of psoriasis patients. Mixed Poisson regres-
sion models were used to correct for repeated measures,
since patients can be included in more than one biologic
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cohort. All models were corrected for age, sex, concomi-
tant use of antibiotics, and immunosuppressive drugs.

For the psoriasis cohort, incidence proportions and
exposure-adjusted incidence rates per 100 patient-years
of exposure were calculated. For a detailed description
of calculations and models: see eMethods.

Role of the funding source

The funding sources did not have any role in study
design, data collection, data analysis, interpretation, or
writing of the report.

Results

WHO

The WHO database contained 16,343,451 ICSR. Candi-
diasis was reported in 50,353 ICSR, of which 33,735 were
classified as proven or probable. Anti-IL17 was reported
as the suspected drug in 427 reports (356 proven/prob-
able candidiasis), anti-IL12/23 in 88 (63 proven/proba-
ble), and anti-TNFa in 6454 (3514 proven/probable).
Patient characteristics of ICSR classified as proven/
probable candidiasis are provided in eTable 5.

Anti-IL17 (any indication) showed a strong associa-
tion with candidiasis (ROR 10-20; 95%CI 9-18, 11-33), as
shown in Table 1. Median latency time between start of
biologic and reported candidiasis was 84 days for anti-
IL1y (p=0-002) and 189 days for anti-IL12/23 (p=0-80),
compared to 204 days for anti-TNFa (eTable 5). Associ-
ations were strongest for cutaneous (ROR 12:28;
95%CI, 9-02, 16-71), oropharyngeal (ROR 19-18;
95%CI, 16-41, 22-41), and esophageal candidiasis (ROR
21-20; 95%CI, 15-43, 29-13). Candidiasis RR for anti-
IL1y compared to anti-TNFa was 3-94 (95%CI; 2-86,
5-41) for cutaneous, 10-54 (8-90, 12-48) for oropharyn-
geal, and 10-27 (7-28, 14-49) for esophageal candidiasis.

For vulvovaginal candidiasis, ROR for anti-IL1y was
5:06 (95%CIL; 3-53, 7-24); the RR compared to anti-
TNFa was 2-31 (95%CI; 1-60, 3-33). For onychomycosis,
ROR was 6-23 (95%Cl; 3-53, 10-99); while risk was com-
parable to anti-TNFa. There was no statistically signifi-
cant association of anti-IL1y with candidemia or deep-
seated candidiasis (ROR 1:68; 95%CI, 0-54, 5-22). Asso-
ciations for separate biologics and candidiasis probabili-
ties are shown in eTable 6. Associations of anti-IL12/23
and anti-TNFo with mucocutaneous (cutaneous, oro-
pharyngeal, and esophageal) candidiasis were signifi-
cant, with ROR ranging from 1-37-5-64 for anti-IL12/23
and 1-87-3-50 for anti-TNFa (Table 1). In psoriasis
patients only, all associations with mucocutaneous can-
didiasis remained strong for anti-ILty but were no lon-
ger significant for anti-IL12/23 and anti-TNF« biologics
(eTable 7). Anti-IL1y was not associated with infection
in general, since associations with herpes virus and bac-
terial skin infections were moderate and comparable to
anti-TNFw (eTable 8).

EMA
In the EMA pre-authorization clinical trial safety sets of
anti-ILry (EPAR), Candida infections most frequently
reported were oral and esophageal candidiasis. Candidi-
asis incidence rate was 3-55 per 100 person-years of
exposure for secukinumab (30omg) and 4-9o for ixeki-
zumab, compared to 1-37 for etanercept and 1-0 for pla-
cebo (eTable 9). Mucocutaneous candidiasis SAE in
post-authorization clinical trials (PSUR) were signifi-
cantly more frequent for anti-IL17 compared to anti-
TNFa (RR 2-68; 95%CI; 1-29, 5-57, p=0-01) (eTable 10).
Exposure-adjusted candidiasis ER, based on ADR
during post-authorization use, are shown in Table 2.
Candidiasis ER was significantly higher for anti-IL1y
compared to anti-TNFa (RR 16-61; 95%CI; 15-31, 18-03,
p<o-oo1). The highest RR were found for oropharyn-
geal (RR 33-01, 95%CI; 28-89, 3772, p<o-oo1) and
esophageal candidiasis (RR 28-9, 95%CI; 22-35, 37-37,
p=0-04). No increased risks compared to anti-TNFu«
was found for onychomycosis, vulvovaginal and invasive
candidiasis.

Population-based drug prescriptions registry
(PHARMO)

A total of 5,733 patients with biologics for any indication
(anti-ILty, 215; anti-IL12/23, 351; anti-INFe, 5,167),
33,051 healthy controls and 33,415 psoriasis patients
without biologics were included (eTable 11). Only signif-
icant differences are described.

Compared to anti-TNFa, candidiasis ER (all single or
chronic events) for anti-ILty was higher (RR 1-99;
95%Cl 1-27, 3-11, p=0-003) and most pronounced for
cutaneous (RR 1-94; 95%CI 111, 3-42, p=0-02) and oro-
pharyngeal candidiasis (RR 9:59; 95%CI 1-70, 53-94,
p=o-o1), as shown in Table 3 (patient characteristics
provided in eTable 12). Chronic candidiasis ER (all
chronic events) was 5-17-fold higher (95%CI 3-13, 8-51,
p<o-oo01), especially for chronic cutaneous (RR 2-54;
95%Cl 1-20, 5-41, p=0-02) and chronic oropharyngeal
candidiasis (RR 42-20, 95%ClI 12-26, 145-29, p<0-00I).
For anti-IL12/23 (eTable 14), candidiasis risk was equal
to that of anti-TNFaw, except for chronic oropharyngeal
candidiasis (RR 13-16; 95%ClI 1-10, 158-85, p=0-04).

Comparison of anti-IL17 to healthy controls (Table 3)
showed similar results (candidiasis RR 2-46; 95%CI
1:46, 416, p<o-oor; chronic RR 9-60; 95%CI 4-96,
1858, p<o-oo1, cutaneous candidiasis RR 2:98, 95%CI
174, 512, p<0-001; chronic cutaneous RR 11-33; 95%CI
4°15, 30-94, p<o-o0oI, oropharyngeal RR 4-13; 95%CI
0-56, 30-52, p=0-17; chronic oropharyngeal RR 67-87;
95%Cl 9-57, 48111, p<0-001).

In the psoriasis subpopulation, candidiasis risks for
anti-IL1y (vs. anti-TNFo or vs. psoriasis patients without
biologics, eTable 13) were similar to those for patients
with anti-ILry prescribed for all indications. For psoria-
sis patients with anti-IL12/23 or anti-TNFw, candidiasis
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Reference group for all indications Risk relative to full database (N = 16,343,451)" Risk relative to TNF-« inhibitors (N = 887,002)
Index group Biologics for all indications Anti-IL17 Anti-IL12/23 Anti-TNFo Anti-IL17 Anti-IL12/23
(N =17,398) (N = 17,398) (N = 887,002) (N =17,398) (N =17,398)
Proven or probable no. no. Candida no. Candida no. Candida no. Candida no. Candida
Candida infection” Candida ICSR ROR ICSR ROR ICSR ROR ICSR ROR ICSR ROR
ICSR (95% CI)* (95% CI) (95% CI) (95% CI) (95% CI)
All Candida infections 33,735 356 63 3514 356 63
10.20 (9.18-11.33) 1.76 (1.37-2.25) 2.03 (1.96-2.10) 5.26 (4.71-5.87) 0.91(0.71-1.17)
Mucocutaneous candidiasis* 12,910 232 37 1496 232 37
17.39 (15.26-19.82) 2.70 (1.96-3.73) 229 (2.17-2.41) 8.01 (6.97-9.20) 1.26 (0.91-1.75)
Cutaneous candidiasis 3,182 41 19 532 41 19
12.28 (9.02-16.71) 5.64 (3.59-8.86) 3.50(3.19-3.84) 3.94 (2.86-5.41) 1.82 (1.15-2.88)
Oropharyngeal candidiasis 8,211 163 12 797 163 12
19.18 (16.41-22.41) 1.37 (0.78-2.42) 1.87 (1.74-2.02) 10.54 (8.90-12.48) 0.77 (0.43-1.36)
Esophageal candidiasis 1,769 39 6 194 39 6
21.20 (15.43-29.13) 3.19(1.43-7.12) 2.15 (1.85-2.49) 10.27 (7.28-14.49) 1.58 (0.70-3.55)
Onychomycosis 1,821 12 4 467 12 4
6.23 (3.53-10.99) 2.07 (0.77-5.51) 6.01 (5.41-6.68) 1.31(0.74-2.32) 0.44 (0.16-1.17)
Vulvovaginal candidiasis 5,603 30 10 662 30 10
5.06 (3.53-7.24) 1.68 (0.90-3.12) 2.34(2.15-2.53) 2.31(1.60-3.33) 0.77 (0.41-1.44)
Candidemia and deep-seated candidiasis 1,678 3 1 49 3 1
1.68 (0.54-5.22) N/A 0.52 (0.39-0.70) 3.12(0.97-10.01) N/A
Table 1: Reporting odds ratios of proven and probable Candida infections for biologics for all indications, calculated from WHO VigiBase
* N indicates the number of individual case safety reports (ICSR) in the WHO database. ICSR for individual drugs were anti-IL12/23, ustekinumab, 17,398; Anti-ILry, secukinumab, 15,768; ixekizumab, 1,633; Anti-TNFa,
etanercept, 403,764; adalimumab, 365,322; infliximab, 127,623.
> Proven or probable Candida infection as defined in supplement St.1.
€ ROR (95% CI) denotes the reporting odds ratio with its 95% confidence interval.
4 Mucocutaneous candidiasis denotes cutaneous, oropharyngeal, and esophageal candidiasis.
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Biologics in commercial use

IL-17 inhibitors (Exposure = 193,535 PY)?

TNF-« inhibitors (Exposure = 16,420,245 PY)

0.35(0.33-0.38)
RR 16.61 (15.31-18.03)
p<0.001¢
Mucocutaneous candidiasis® 465
0.24 (0.22-0.26)
RR 28.44 (25.61-31.59)
p<0.001
Cutaneous candidiasis 87
0.05 (0.04-0.06)
RR 19.07 (15.12-24.07)
p=0.06
Oropharyngeal candidiasis 300
0.16 (0.14-0.17)
RR 33.01 (28.89-37.72)
p<0.001
Esophageal candidiasis 78
0.04 (0.03-0.05)
RR 28.90 (22.35-37.37)
p=0.04
Onychomycosis 7
0.004 (0.002-0.007)
RR 1.57 (0.74-3.31)
p=0.95
Vulvovaginal candidiasis 60
0.03 (0.02-0.04)
RR 6.67 (5.13-8.68)
p=0.09
Invasive candidiasis 0
0(<0.001-<0.001)
N/A
p=0.99

Adverse drug reactions no. Candida ADRER no. Candida
attributed to Candida infections (95% CI)° ADRER

RR (95% CI)© (95% CI)
All Candida infections 686 3,504

0.02 (0.02-0.02)

1,387
0.008 (0.008-0.009)

387
0.002 (0.002-0.003)

771
0.005 (0.004-0.005)

229
0.001 (0.001-0.002)

379
0.002 (0.002-0.003)

763
0.005 (0.004-0.005)

82
<0.001 (<0.001-0.001)

update reports (PSUR) from EMA

secukinumab, ixekizumab; Anti-TNFe, etanercept, adalimumab, infliximab.

Table 2: Event rates of Candida adverse drug reactions (ADR) during commerical post-authorization use, extracted from periodic safety
¢ Exposure denotes the total amount of person-years (PY) of exposure to the biologic class in commercial use worldwide. Individual drugs were anti-IL17,

> ER (95% CI) denotes the event rate per 100 patient years of exposure and its 95% confidence interval.

€ RR (95% CI) denotes the risk ratio relative to TNF-« inhibitors and its 95% confidence interval.

4 P values were calculated in comparison with TNF-« inhibitors using a two-tailed Fisher’s exact test with mid-p method.
€ Mucocutaneous candidiasis denotes cutaneous, oropharyngeal, and esophageal candidiasis.

risks were equal to those of psoriasis patients without
biologics (eTable 15).

In before/after start of biologics comparisons within
patients, risk of oropharyngeal candidiasis increased
16-10-fold (95%CI, 238, 108-87, p=0-004) and chronic
oropharyngeal candidiasis 11-74-fold (95%CI, 1-98,
82.-11, p=0-01) after starting anti-IL1y, compared to the
period prior to biologics (eTable 18). After start of anti-
IL12/23 or anti-TNF« treatment, oropharyngeal candidi-
asis risk did not increase (eTable 18).

Psoriasis cohort

A total of 548 biologic treatment episodes in 300
patients were studied (baseline characteristics provided
in eTable 20). During anti-ILt7 use, 38 candidiasis
events were reported in 66 treatment episodes (58%;
RR relative to anti-TNFa 4; 95%CI 3, 5, p<0-001), 49
events in 142 anti-IL12/23 episodes (34:5%; RR relative
to anti-TNFa 2-2; 95%CI 1-6, 3-2, p<o-oo1), and 52 in
340 anti-TNFa episodes (15:3%) (Table 4).
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Candida infections incidence

All patients (any indication)

with IL-17 inhibitor
therapy(N = 215)*
(Exposure = 231.2 PY)

(Treatment episodes = 246)

no. patients

All patients (any indication)
with TNF-a inhibitor therapy

(N =5,167)

(Exposure = 12,212.7 PY)
(Treatment episodes = 8,390)

no. patients

Healthy controls®

(N =33,051)

(Years of follow-up in
database = 380,212.2 PY)

no. patients

Cutaneous candidiasis

Oropharyngeal candidiasis

Onychomycosis

Vulvovaginal candidiasis

Vulvovaginal candidiasis

All chronic Candida infections?

Cutaneous candidiasis

Oropharyngeal candidiasis

Onychomycosis

Vulvovaginal candidiasis

ER 20.96 (13.85-31.71)

24
ER 10.66 (6.67-17.05)

5
ER4.50 (1.27-16.02)

1
ER 0.44 (0.06-3.13)

5
ER 2.23 (0.75-6.60)

35
ER 10.63 (5.79-19.52)

21
ER8.06 (4.61-14.11)

4
ER 1.99 (0.60-6.60)

0
N/A

4

ER 0.83 (0.13-5.49)

ER 11.07 (10.10-12.14)
RR1.99 (1.27-3.11)
p=0.003"

652

ER 5.56 (5.16-6.11)
RR 1.94 (1.11-3.42)
p=0.02

65

ER 0.62 (0.43-0.90)
RR 9.59 (1.70-53.94)
p=0.01

46

ER 0.38 (0.28-0.51)
RR0.97 (0.14-6.78)
p=0.98

243

ER 2.31(1.90-2.81)
RR 0.90 (0.28-2.95)
p=0.87

272

ER 2.46 (2.10-2.88)
RR5.17 (3.13-8.51)
p<0.001

160

ER 1.35 (1.14-1.60)
RR 2.54 (1.20-5.41)
p=0.02

12

ER 0.10 (0.06-0.18)
RR 42.20 (12.26-145.29)
p<0.001

13

N/A

46

ER 0.44 (0.30-0.66)
RR 1.63 (0.42-6.33)
p=0.48

rate® IR (95% CI)d IRRR® IRRR
All Candida infections 31 706 15,257
IR134 IR5.8 IR4.0
RR 2.4 RR34
Candida infections event rate* no. events no. events no. events
ER (95% Cl) ER (95% CI) ER (95% Cl)
RR (95% Cl) RR (95% CI)
All Candida infections 42 1205 22,799

ER 6.46 (6.28-6.64)
RR 2.46 (1.46-4.16)
p<0.001

12,929

ER 3.62 (3.52-3.72)
RR 2.98 (1.74-5.12)
p<0.001

703

ER 0.24 (0.21-0.28)
RR 4.13 (0.56-30.52)
p=0.17

902

ER 0.24 (0.22-0.25)
RR 2.24 (0.31-15.99)
p=0.42

5,840

ER 1.53 (1.45-1.62)
RR 1.44 (0.33-6.28)
P=0.63

4,377

ER 1.21 (1.12-1.26)
RR 9.60 (4.96-18.58)
p<0.001

2,917

ER 0.81 (0.77-0.84)
RR 11.33 (4.15-30.94)
p<0.001

106

ER 0.029 (0.02-0.04)
RR 67.87 (9.57-481.11)
p<0.001

214

N/A

758

ER 0.20 (0.18-0.22)
RR 12.94 (1.25-134.13)
p=0.03

same type of Candida infection.

95% confidence interval. The raw analysis was used for IR and ER calculations.

¢ RR (95% CI) denotes the risk ratio of IL-ry inhibitor therapy relative to TNF-« inhibitor therapy or relative to the outpatient pharmacy background
population and its 95% confidence interval. The RR for the IR are the unadjusted estimates, the RR for the ER are the adjusted estimates derived from a
mixed Poisson regression model.

£ P values were derived from a mixed Poisson regression model, p values are given in comparison to all patients (any indication) with IL-r7 inhibitor therapy.

& All chronic Candida infections denote the sum of all chronic Candida infections. Chronic infections are defined as <10 days between prescriptions for the

Table 3: Event rates and risk ratios of candidiasis in the population-based drug prescriptions registry (PHARMO).

* N indicates the number of patients in the PHARMO database. Exposure denotes the total amount of person-years (PY) of exposure. Individual drugs
were anti-IL17, secukinumab and ixekizumab. Anti-TNFe, etanercept, adalimumab, and infliximab. Treatment episodes indicate the number of treatment
episodes for all patients in the cohort, a patient can have more than one treatment episode with the same or with another biologic in the same cohort.

b Ppatients without a calcipotriol /betamethasone prescription and without a biologic prescription during registration in PHARMO database.

€ Candida infections denote the sum of all single and chronic infections. Single infections are defined as > 28 days between calculated end date and new
prescription date for the same type of Candida infection. Chronic infections are defined as <1o days between calculated end date and new prescription
date for the same type of Candida infection. For onychomycosis and cutaneous candidiasis prescription end dates could not be calculated. Events of cuta-
neous candidiasis were counted as separate events when there were >100 days between prescription dates, preventing standard 9o days’ prescription
renewals to count as separate events. Events with <1oo days between prescription dates were seen as chronic events. Separate events of onychomycosis
were defined as >365 days between prescription dates, since these infections often require months of treatment and treatment is often non or not
completely successful. Events with <365 days between prescription dates were seen as chronic events.

4 IR (95% CI) denotes the incidence rate per 100 patient years of exposure, ER (95% CI) denotes the event rate per 100 patient years of exposure and its
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Monoclonal antibodies for psoriasis
Anti-IL17Treatment Anti-IL12/23Treatment Anti-TNFaTreatment
episodes = 66 episodes = 142 episodes = 340
Candida infection no. Candida episodes”% no. Candida episodes% no. Candida episodes%
(95% CI)° (95% CI) (95% CI)
RR (95% CI)° RR (95% CI)
All Candida infections 38 49 52
58% (46-69) 34.5% (27.2-42.7) 15.3% (11.8-19.5)
RR 4(3-5) RR2.2(1.6-3.2)
p<0.001° p<0.001
Mucocutaneous candidiasis’ 28 33 28
42% (31-55) 23.2% (17.0-30.9) 8.2% (5.7-11.7)
RR 2 (2-4) RR 2.8 (1.8-4.5)
p<0.001 p<0.001
Cutaneous candidiasis 15 24 22
23% (14-34) 16.9% (11.6-24.0) 6.5% (4.3-9.7)
RR 4 (2-6) RR 2.6 (1.5-4.5)
p<0.001 p<0.001
Oropharyngeal candidiasis 8 9 5
12% (6-22) 6.3% (3.2-11.8) 1.5% (0.5-3.5)
RR 8 (3-24) RR 4.3 (1.5-12.6)
p<0.001 p=0.008
Esophageal candidiasis 5 0 1
8% (3-17) N/A 0.3% (0.0-1.8)
RR 26 (3-217)
p<0.001
Onychomycosis 4 14 17
6% (2-15) 9.9% (5.9-16.0) 5.0% (3.1-7.9)
RR 1 (0.4-4) RR 2.0 (1.0-3.9)
p=0.70 p=0.06
Vulvovaginal candidiasis 6 2 7
9% (4-19) 1.4% (0.1-5.3) 2.1% (0.9-4.3)
RR 4 (2-13) RR 0.7 (0.1-3.3)
p=0.01 p=0.68
Table 4: Incidence proportions of biologic treatment episodes associated with candidiasis of the psoriasis patients cohort.
¢ Treatment episodes denotes the number of biologic treatment episodes per biologic class. Treatment episodes for the individual drugs were anti-IL12/23,
ustekinumab, 140; guselkumab, 2; Anti-IL1y, secukinumab, 41; ixekizumab, 24; brodalumab 1; Anti-TNFq, etanercept, 146; adalimumab, 174; infliximab, 20.
> For each anatomical site of candidiasis, only the first occurrence was counted.
€ % (95% CI) denotes the proportion as % of the number of treatment episodes, with its 95% confidence interval.
4 RR (95% CI) denotes the risk ratio relative to TNF-« inhibitors and its 95% confidence interval.
€ P values were calculated in comparison with TNF-« inhibitors using a two-tailed Fisher’s exact test with mid-p method.
f Mucocutaneous candidiasis denotes cutaneous, oropharyngeal, and esophageal candidiasis.

For anti-ILty, cutaneous candidiasis occurred in
23% of treatment episodes, versus 6-5% for anti-
TNFa (RR 4; 95%CI 2, 6, p<o-oo1), oropharyngeal
candidiasis in 12% of episodes (anti-TNFa 1-5%, RR
8, 95%CI 3, 24, p<o-ooI), esophageal candidiasis in
8% (anti-TNFa 0:3%; RR 26, 95%CI 3, 217,
p<o-oo1), and vulvovaginal candidiasis in 9% (anti-
TNFa 21%, RR 4, 95%CI 2, 13, p=o-o1). Only the
percentage of treatment episodes associated with
onychomycosis was not significantly higher for anti-
IL17 compared to anti-TNFa. For anti-IL12/23, the
percentage of treatment episodes associated with
candidiasis was only significantly higher for

cutaneous (16-9%, RR 2-6, 95%CI 15, 45, p<0-001)
and oropharyngeal candidiasis (6:3%, RR 4-3, 95%CI
1-5, 12-6, p=0-008) compared to anti-TNFa.

When expressed as incidence rates per 100 person-
years of exposure, RR compared to anti-TNFa ranged
from 4 (95%CI; 1, 12, p=0-03) to 84-3 (95%CI, 10, 72I,
p<o-oor) for anti-IL1y (depending on Candida type)
and from 0-9 (95%ClI, 0-2, 4-1, p=0-90) to 5-4 (95%ClI,
1-8, 16-2, p=0-002) for anti-IL12/23 (eTable 21). Five of
41 secukinumab patients (12-2%) required chronic sup-
pressive antifungal therapy, whereas no suppressive
therapy was prescribed to anti-TNFe or anti-IL12/23
recipients.
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Figure 1. Immunology studies in psoriasis patients with candi-
diasis during Th17 inhibitor therapy

a. Candida outgrowth in white blood cells, expressed as col-
ony-forming units (CFU).

b. Differential expression of serum proteins from psoriasis
patients using Th17 inhibitor therapy with and without candidiasis.

All candidiasis episodes were typical in appearance
although some patients suffered from a combination of
onychomycosis, cutaneous candidiasis and oropharyn-
geal/esophageal candidiasis. Many of the candidiasis
infections were dificult to treat, and recurrences fre-
quently occured.*”

A C. albicans killing assay was performed in blood
samples of 15 healthy controls and 22 psoriasis patients
with a history of candidiasis during anti-Thry (eFigure 1).
There was no difference in Candida survival in neutrophils
between anti-Thry recipients and healthy controls (Figure
1). Candida survival in mononuclear leukocytes, however,
was 4-fold greater (killing, 97%, 95%CI 95, 99, p<o-o0o1)
in anti-Thry recipients compared to healthy controls (99%,
95%CI 99, 100).

Serum inflammatory proteome was compared
between psoriasis patients with and without a history of
candidiasis during Th1y inhibitor therapy (eTable 22
and 23). Nine proteins were significantly downregulated
in patients with candidiasis during Thry inhibitor ther-
apy (Figure 1). IL-8 was 5-43-fold reduced, ST1AT1 2-38-
fold, CCL3 2-87-fold, TNFSF14 2-0o-fold, SIRT2 1-98-
fold, CXCL11 1-87-fold, CCL23 1-42-fold, CD40 1-34-
fold, and NT3 was 1-277-fold reduced. No differences
related to sex or age were detected.

Discussion
The present study shows that IL-177 inhibitors are associ-
ated with an increased risk of candidiasis, based on data
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from multiple independent sources worldwide. Risk rel-
ative to TNF-a inhibitors was, depending on Candida
type, 4- to 10-fold higher in the WHO database, 16- to
33-fold higher in EMA safety reports, 2- to 42-fold
higher in a population-based antifungal drug prescrip-
tions registry, and 3- to 25-fold higher in a prospective
psoriasis cohort.

The global WHO database of individual case safety
reports revealed a strong association between IL-17
inhibitors and candidiasis (ROR 10-20), in particular for
cutaneous (ROR 12-28), oropharyngeal (ROR 19-18),
and esophageal candidiasis (ROR 21-20). The median
latency time between biologic therapy onset and
reported Candida infection was 84 days for anti-IL1y,
compared to 204 days for anti-TNFa (p=0-002), sug-
gesting a causal relationship. In EMA post-authoriza-
tion reports, the RR of anti-IL17 compared to anti-TNF«
was 16-61 for all Candida infections, 33-o1 for oropha-
ryngeal, and 28-9o for esophageal candidiasis.

In a population-based drug prescriptions registry
(PHARMO), candidiasis ER of anti-ILr7 was increased
1-99-fold compared to anti-TNFe, and especially high
for oropharyngeal (RR 9-59) and cutaneous candidiasis
(RR 1:94). The risk for chronic manifestations of cuta-
neous (RR 2:54) or oropharyngeal candidiasis (RR
42-20) was even more pronounced. In a before/after
anti-IL17 treatment comparison within patients, risk of
oropharyngeal candidiasis increased 16-10-fold after start-
ing therapy and 11-74-fold for chronic oropharyngeal candi-
diasis, compared to the period prior to biologics.

In our psoriasis patients cohort, 58% of anti-ILry
treatment episodes was associated with >1 candidiasis
episode, compared to 15% of anti-TNF« treatment epi-
sodes (cutaneous candidiasis, RR 3-5; oropharyngeal,
RR 8-2; esophageal, RR 25-8; p<o-oo1). Of patients
receiving IL-17 inhibitor secukinumab, 12% required
chronic suppressive antifungal therapy, versus none in
anti-IL12/23 or anti-TNFa groups. The association of
anti-IL12/23 with candidiasis in the WHO, EMA, and
population-based drug prescriptions registry data sets
was moderate but comparable to that of anti-TNFa. The
consistent observation that IL-ry inhibitors strongly
increase the risk for oropharyngeal, esophageal, and
cutaneous candidiasis, but not for invasive and mod-
erately for vulvovaginal candidiasis, is in agreement
with findings in patients with IL-17 immunodeficien-
cies.”””™* Since IL-17’s main function is recruitment
of neutrophils to the site of Candida infection, IL-17
inhibition primarily has effects on skin and mucosal
Candida infections and not on disseminated infec-
tions, as neutrophils are present in the circulation.
IL-17 is less important in host defense against vulvo-
vaginal candidiasis, where major mechanisms of
pathogenesis include local estrogen level, imbalances
in local microbiome, and IL-18-induced hyperinflam-
mation. Defects in [L-12/23 immunity cause a milder
candidiasis phenotype.
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Figure 1 Continued.

To gain insight into the immunological background,
we showed that, compared to healthy controls, Candida
killing by mononuclear leukocytes from Thry inhibitor
recipients with a history of candidiasis was impaired. In
these subjects, targeted serum proteomics of inflamma-
tory factors involved in host defense displayed nine sig-
nificantly downregulated proteins compared with Thry
inhibitor recipients without candidiasis, suggesting an
individual host susceptibility trait in combination with a
direct effect of IL-17 inhibition.”* Indeed, most of these
proteins are pro-inflammatory cytokines, chemokines,
or growth factors important for anti-Candida host
defense, including neutrophil chemotactic factor IL-8,
cluster of differentiation 40 (CD40), C-X-C motif che-
mokine 11 (CXCL11), C-C motif chemokine 3 (CCL3)
and the CCL23 chemokine *™#'

The main strength of this study is the comprehen-
sive worldwide analysis of multiple independent sour-
ces reporting Candida adverse events during anti-Thry
therapy. In addition, candidiasis risk was shown to be
increased relative to anti-TNFa therapy, thereby placing
results in a broader perspective. The WHO global data-
base of spontaneous reports and EMA’s safety reports
were combined with a population-based prescriptions
registry and the psoriasis cohort. Analyses of antifungal
prescriptions (PHARMO) were corrected for confound-
ing and repeated measures. Additionally, the before/
after comparisons within biologic recipients provide
adjustment for unknown confounding. Furthermore,
we demonstrated a downregulation of anti-Candida host

defense mechanisms in candidiasis patients during
anti-Thry therapy.

Potential weaknesses of the study include reporting
bias and potential confounding that we could not con-
trol for in every substudy. Spontaneous safety reports
originate from a variety of sources, which may lead to
variability in assessment of drug-relatedness of events.
In addition, candidiasis ER calculated from EMA’s
safety reports potentially represent an underestimate, as
these are based on spontaneous reporting. In contrast,
risks relative to other biologics for candidiasis as calculated
from WHO and EMA data sets are expected to be indepen-
dent of underreporting. Importantly, EMA’s clinical trial
safety reports only include serious adverse events attributed
to candidiasis, hence excluding non-serious candidiasis. In
addition, patients with a history of recurrent mucocutane-
ous candidiasis had been excluded from pivotal clinical tri-
als across the clinical development program of
ustekinumab and guselkumab. WHO and EMA safety
reports depend on the rigidity of underlying clinical diag-
noses. As diagnoses of cutaneous candidiasis and dermato-
phyte infections may overlap, and the MedDRA terms
reported are numerous, we prespecified all potential Med-
DRA terms (eTable 1). Sensitivity analyses of WHO and
EMA safety reports showed that excluding terms that may
have reported dermatophyte infections did not weaken our
conclusions. In contrast, further excluding potential der-
matophytosis reports, the risks voor cutaneous candidiasis
(anti-IL12/23; WHO) and nail candidiasis (anti-ILr7; EMA)
were higher (eTable 25 and eTable 26).
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The event rates found in the population-based pre-
scriptions registry may be underestimated, as the use of
over-the-counter antifungals in unknown. However,
assuming that the fraction of over-the-counter versus
prescription-based antifungal use may remain stable,
this does not affect the relative risks between biologic
classes.

Since four different data sources were used to assess
candidiasis incidence in the real world, definitions of
candidiasis types and methods of analysis varried. The
fact that multiple independent data sources and analy-
ses led to a consistent conclusion, however, supports
our conclusions.

Concomitant immunosuppressive medication may
be a potential confounder. Concomitant immunosup-
pressive medication was more prevalent among patients
with anti-TNFa (33-72%, versus 7-61% for anti-IL1y
(p<o-oo1) and 19-05% for anti-IL12/23 (p=0-03)) and
may be, at least in part, attributing to the associations
with mucocutaneous candidiasis in the WHO database.
In addition, the underlying diseases in the anti-TNFa
group (theumatoid arthritis, 36-2%; inflammatory
bowel disease, 15-3% as opposed to psoriasis, 8-7%) may
have contributed to the risk of candidiasis (eTable 5). In
a subset of psoriasis patients, all associations with muco-
cutaneous candidiasis remained strong for anti-ILry, but
were no longer significant for anti-TNF« (eTable 7). In the
population-based drug prescriptions registry, adjustment
for these potential confounders showed an independent
effect of anti-ILry on candidiasis.

The Candida killing in Thry inhibitor recipients with
candidiasis during therapy was compared to healthy
controls, while ideally we would also have included a
control group of psoriasis patients who did not experi-
ence candidiasis during therapy, in order to give a defi-
nite answer to the cause of the impaired Candida killing
capacity.

Interestingly, we found a higher candidiasis inci-
dence for anti-ILry than previously described in clinical
trials (3-6 — 6-5%).""%"% In a retrospective cohort
study, 2-9% of patients on secukinumab and 6-6% on
ixekizumab developed candidiasis.** In the prospective
BioCAPTURE cohort study, we found fungal infections
in 13% of patients receiving secukinumab, with an event
rate of 21-6 per 100 person-years, predominantly oro-
pharyngeal candidiasis (ER 11.9).** Likewise, in a retro-
spective cohort study 12-5% of patients reported oral
candidiasis during secukinumab treatment.**

In conclusion, treatment with IL-17 inhibitors is
associated with an increased risk of candidiasis, espe-
cially oropharyngeal and esophageal candidiasis, as
demonstrated by the WHO database, EMA’s safety
reports, a population-based drug prescriptions registry,
and a psoriasis patients cohort, and confirmed by
immunological tests showing impaired anti-Candida
host defense mechanisms. Recurrences of oropharyn-
geal and esophageal candidiasis are frequent, and
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chronic suppressive antifungal therapy is often needed
to enable continuation of IL-17 inhibitor therapy. These
infections pose a significant disease burden in anti-IL1y
recipients. This suggests that close monitoring of IL-17
inhibitor recipients for oropharyngeal and esophageal
candidiasis is advisable, and antifungal prophylaxis may
be considered for patients with recurrent or chronic can-
didiasis. Future studies may identify additional predis-
posing host factors amenable for screening of anti-IL1y
candidates, to guide antifungal prophylaxis or anti-Can-
dida vaccination (currently in phase 2 studies) in the
future.
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