1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Ann Rheum Dis. Author manuscript; available in PMC 2020 February 01.

-, HHS Public Access
«

Published in final edited form as:
Ann Rheum Dis. 2020 February ; 79(2): 285-291. doi:10.1136/annrheumdis-2019-216102.

Comparative risk of serious infections among real-world users
of biologics for psoriasis or psoriatic arthritis

Xintong Lil:2, Kathleen M Andersen!:2, Hsien-Yen Chang?-3, Jeffrey R Curtis*®, G Caleb
Alexanderl2
1Center for Drug Safety and Effectiveness, Johns Hopkins University, Baltimore, Maryland, USA

2Epidemiology, Johns Hopkins University Bloomberg School of Public Health, Baltimore,
Maryland, UsA

SHealth Policy and Management, Johns Hopkins Bloomberg School of Public Health, Baltimore,
MD, USA

4Division of Clinical immunology and Rheumatology, University of Alabama at Birmingham,
Birmingham, Alabama, USA

SEpidemiology, University of Alabama at Birmingham, Birmingham, Alabama, USA

Abstract

Objective—To examine whether initiation of interleukin (IL)-17, IL-12/23 or tumour necrosis
factor (TNF) inhibitor is associated with an increased risk of serious infection among real-world
psoriasis (PsO) or psoriatic arthritis (PSA) patients.

Methods—We assembled a retrospective cohort of commercially insured adults in the USA
diagnosed with PsO or PsA between 2015 and 2018. Exposure was dispensation for IL-17
(ixekizumab or secukinumab), IL-12/23 (ustekinumab) or TNF (adalimumab, certolizumab pegol,
etanercept, golimumab and infliximab). The outcome was infection requiring hospitalisation after
biologic initiation. Incidence rates (IRs) per 100 person-years were computed, and hazard ratios
(HRs) with 95% confidence intervals (CIs) were estimated using Cox proportional hazards
regression models, adjusted for inverse probability of treatment-weighted propensity scores.

Results—A total of 11 560 new treatment episodes were included. Overall, 190 serious
infections (2% of treatment episodes) were identified in 9264 person-years of follow-up. Class-
specific IRs were similar among IL-17 and TNF, yet significantly lower for IL-12/23. After
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adjustment for propensity scores, there was no increased risk with IL-17 compared with either
TNF (HR=0.89, 95% CI 0.48 to 1.66) or I1L-12/23 (HR=1.12, 95% CI 0.62 to 2.03). By contrast,
IL-23/23 were associated with a lower risk of infections than TNF (HR=0.59, 95% CI 0.39 to

Conclusions—Relative to TNF and IL-17, 1L-12/23 inhibitors were associated with a reduced
risk of serious infection in biologic-naive patients with PSO or PsA. In biologic-experienced
individuals, there was no difference in infection risk across TNF, IL-17 or I1L-12/23 inhibitors.

INTRODUCTION

Tumour necrosis factor (TNF) inhibitors have transformed the care of many rheumatologic
and autoimmune conditions, including psoriasis (PsO) and psoriatic arthritis (PSA). In the
past 10 years, additional biologic options approved by the US Food and Drug
Administration (FDA) include the interleukin-12/23 (IL-12/23) inhibitor ustekinumab as
well as the human interleukin-IL-17A (IL-17) antagonists secukinumab and ixekizumab.

Despite efficacy for the management of moderate-to-severe PsO and PsA, biologics’
immunosuppressive properties also contribute to an increased risk of serious infections in
placebo-controlled randomised controlled trials (RCTs).1™ Head-to-head RCTs between
biologic agents with adequate power to inform comparative safety questions have been
limited.356

It is important to understand whether these findings from RCTs persist in real-world
practice, where patients are more heterogeneous and drug utilisation is far less controlled.’
Evidence from observational studies between biologic and non-biologic drugs have yielded
inconsistent findings: some have shown an increased risk,39 while others have not found a
difference.19-14 To our knowledge, no published studies have yet quantified the comparative
real-world risk of serious infections among IL-17, IL-12/23 and TNF inhibitors.

We examined the absolute and relative comparative risk of serious infections in patients
initiating 1L-17, I1L-12/23 and TNF inhibitors, among commercially insured adults in the
USA diagnosed with PsO or PsA between 2015 and 2018.

METHODS

Data source

We conducted a retrospective cohort analysis using the OptumLabs Data Warehouse.1®> The
OptumLabs data consist of administrative claims for over 100 million individuals in all 50
states, of all ages, ethnic and racial groups. Claims include limited patient sociodemographic
characteristics as well as inpatient, outpatient and pharmacy dispensation claims. Analysis of
secondary, deidentified data is considered exempt by the Johns Hopkins Institutional Review
Board.

Patient and public involvement

Patients were not involved in the design, recruitment or conduct of the study.
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Study population

Exposures

First, we identified a cohort of all prescription dispensation or medical infusion procedure
claims for any of the biologics of interest between 1 January 2015 and 1 May 2018. We were
not able to study brodalumab (IL-17) nor guselkumab (IL-12/23), as they were FDA
approved towards the end of the study period. We then included only those with at least one
diagnosis code prior to the index date for PsO (International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) code 696.1 or ICD-10-CM code L40.9)
or PsA (ICD-9-CM code 696.0; ICD-10-CM codes L40.50, L40.51, L40.52, L40.53,
L40.54, L40.59) from a dermatologist or rheumatologist visit. Prior work suggests a
sensitivity of 77%—91% and positive predictive value of 67%-89% for this approach.16

We defined the index date as the date of the first dispensing of any I1L-17, IL-12/23 or TNF
inhibitor of interest, requiring individuals to have at least 6 months of continuous enrolment
with full medical and pharmacy data before the index date to establish new user status.1’
Since these biologics were only approved for use in adults, we required patients to be at least
18 years old at the index date. We excluded individuals with overlapping claims for multiple
biologics, due to our inability to ascertain which biologic was truly used given the
contraindication of simultaneous use. We also excluded persons who had a diagnosis of
rheumatoid arthritis, Crohn’s disease, ulcerative colitis, osteoarthritis, HIV, cancer, chronic
lymphocytic leukaemia and non-Hodgkin’s lymphoma at any point during 24 months prior
to the index date, given the potential impact of these comorbid conditions on the incidence
of serious infection.18 We further excluded persons who had a serious infection (using our
outcome definition, below) in the 60 days prior to index date.

We defined three mutually exclusive exposures (IL-17: ixekizumab and secukinumab;
IL-12/23: ustekinumab; TNF: adalimumab, certolizumab pegol, etanercept, golimumab and
infliximab) based on pharmacologic drug class (online supplementary table S1). We defined
treatment episodes as the initiation of a new biologic agent without any claim for that
specific treatment at any time previously, requiring a minimum of 6 months of medical and
pharmacy coverage.1819 We allowed for a grace period of 90 days for non-overlapping
prescriptions to define periods of continuous treatment.

Each person could contribute more than one treatment episode. We defined biologic-naive as
no claims of PsO-related or PsA-related biologics prior to the index date based on all
available data. Biologic-experienced was defined as having at least one other biologic, but
not the index biologic, before the index date of the current treatment episode.

Self-administered biologics were identified from pharmacy claims using National Drug
Codes. Prescription fill date and days of supply were used to calculate duration of treatment.
Biologics that require infusions under supervision of a physician were identified through
Healthcare Common Procedure Coding System procedure codes from medical claims. As
these medical claims lack information on days of supply, we assigned the duration of
treatment based on a typical dosage regimen. For infliximab, days of continuous drug
exposure were based on a loading schedule of 0, 2, 6, 14, and then every 8 weeks. For
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ustekinumab, first administration was assumed to be 4-week supply, and any subsequent
refill was assumed to be 12-week supply.20

Our primary outcome was serious infection, defined as hospitalisation with the listing of
infection in the inpatient claims diagnosis codes, including the primary and all non-primary
positions (list available from authors on request). Subjects were followed from biologic
initiation until their first hospitalisation with serious infection, or were censored if they
developed a competing comorbidity that would have been exclusionary at baseline (such as
Crohn’s disease), discontinued biologic therapy (defined as switching to another biologic, or
a treatment gap of at least 90 days),2! lost continuous enrolment, died or 31 December 2018,
whichever came first.

We measured covariates using a 6-month lookback period from the index date. Patient
covariates included demographics (age, sex, calendar year) and socioeconomic
characteristics (race, education, household income level). We conducted multiple imputation
by simple random sampling for missing data including race, income level and education
(less than 5%).22 Other pharmacologic covariates included prior use of phototherapy, and
non-biologic PsO and PsA drugs (online supplementary table S2). We also included
Charlson Comorbidity Index scores using ICD-9 or ICD-10 codes from claims,23 selected
comorbidities and health services utilisation (number of prior hospitalisations, emergency
room, outpatient and physician specialist visits). For the number of prior biologic agents, we
used all available look-back data to ascertain prior drug experience.

Propensity scores

We used inverse probability weighting for the average treatment effect of the treated
weighting,24 with a propensity score to adjust for differences in baseline demographic and
clinical characteristics between groups which may confound their drug treatment exposure.
Propensity scores were calculated based on the probability of being exposed to either 1L-17,
IL-12/23 or TNF using multivariable logistic regression models.1825 Weights were trimmed
at 0.1 and 10 to minimise the influence of outliers.26 We assessed the balance of covariates
after weighting by standardised mean differences (SMD). Propensity scores were
recalculated for each of the stratified analyses.

Statistical analysis

We estimated the incidence rate (IR) of serious infections per 100 person-years for each drug
class, with 95% confidence intervals (Cls) calculated using Poisson models. Kaplan-Meier
curves were constructed to describe time from drug initiation to serious infection. We used
weighted Cox proportional hazard models to estimate hazard ratios (HRs) and corresponding
95% ClI for risk of serious infections, adjusted for imbalanced covariates with SMD >10%
after weighting.2” We calculated corrected standard errors clustered on an individual level,
to account for a patient contributing more than one treatment episode. The proportional
hazards assumption was verified by Schoenfeld residuals and complementary log-log plots.
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For each analysis, we compared IL-17, IL-12/23 and TNF inhibitor groups to each other (ie,
three pairwise comparisons).

We performed subgroup analyses stratifying by PsO or PsA, as well as by history with other
biologics (naive vs experienced). Diagnosis groups were not exclusive, as patients with PsO
can also have PsA, and vice versa; stratified regression models were adjusted for the
presence of the alternative disease type.

We conducted two sensitivity analyses. First, we restricted our outcome definition to the
primary diagnosis code on inpatient admission diagnoses (rather than any position). We also
narrowed the length of the grace period to 60 days to produce reduced estimates of treatment
duration. All analyses were done in R \/3.5.3.28

We identified a total of 11 560 treatment episodes from 9305 adults: 19% IL-17, 25%
IL-12/23% and 56% in the TNF groups, respectively (figure 1). Overall, the population
mean age was 46 years and 53% male (table 1).

Among the treatment episodes, 6044 (52%) were for persons with a recorded diagnosis of
PsO only, 1872 (16%) with PsA only, and 3648 (32%) both. Using all available data, the
proportion of patients with any historical exposure to previous biologics differed greatly by
cohort (85% among IL-17, 53% IL-12/23% and 34% in TNF inhibitor groups, respectively),
and may reflect utilisation management strategies by pharmacy benefit managers.
Conventional synthetic disease-modifying antirheumatic drugs (DMARDSs) were most
commonly used in the TNF inhibitors group, and 35% were dispensed oral steroids during
the 6-month lookback period. Additional cohort characteristics are presented in online
supplementary table S3, as well as stratified for the PsO (online supplementary table S4) and
PsA (online supplementary table S5) subgroups. Compared with the PsO cohort, the PsA
cohort had a higher mean Charlson score, and a larger proportion of patients using other
medications (disease-modifying antirheumatic drugs, steroids and non-steroidal anti-
inflammatory drugs) during the lookback period. A larger proportion of biologic-naive,
compared with biologic experienced persons, used methotrexate. Steroids treatment was
similar between the two subgroups.

Incidence rate of serious infections

Overall, 190 serious infections (2% of treatment episodes) occurred after initiation of study
biologics. The most commonly diagnosed serious infections on hospitalisation were sepsis
and pneumonia (table 2).

Class-specific IRs were similar among IL-17 and TNF, and significantly lower for IL-12/23
(table 3).

While statistically significant, the absolute burden of serious infection was one or two
serious infections per 100 person-years. There were no significant differences in incidence
after stratification for disease type (PsO vs PsA).
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Cumulative incidence of serious infections

Kaplan-Meier curves were constructed to show the time from biologic drug initiation to
serious infection, by drug class (figure 2). The total follow-up time was 9264 person-years,
with median follow-up time of 0.6 years (IQR 0.2-1.1 years) per treatment episode. The
cumulative incidence of infection was lowest for I1L-12/23 over the entire follow-up period,
followed by IL-17 then TNF inhibitors.

Adjusted risk of serious infections

After propensity score weighting and adjustment for imbalanced baseline covariates, there
was no increased risk of serious infections with 1L-17 compared with either IL-12/23
(HR=1.12, 95% CI 0.62 to 2.03) or to TNF (HR=0.89, 95% CI 0.48 to 1.66) (table 4).

However, we observed a 41% lower risk of serious infection in the IL-12/23 inhibitor users
as compared with TNF (HR=0.59, 95% CI 0.39 to 0.90). This finding remained significant
in subgroup analyses of both the PsO cohort and the biologic-naive cohort. Additionally,
within the biologic-naive subgroup, there was a significantly increased risk of infections
with IL-17 versus 1L-12/23 (HR=3.34, 95% CI 1.10 to 10.12). Similar results were found in
sensitivity analyses restricting to the primary admission diagnosis (online supplementary
table S6), and narrowing the permissible treatment gap to 60 days (online supplementary
table S7). The common imbalanced variables after weighting were cohort entry year and
baseline DMARD use.

DISCUSSION

Risk of serious infections were similar among new users of IL-17 and TNF inhibitors, while
persons treated with an 1L-12/23 were less likely to be hospitalised with a serious infection
than TNF. Risks of serious infections were not significantly different between biologics
among biologic-experienced patients.

Our findings are important as IL inhibitors are relatively new products, and the comparative
safety of each of the IL-17, 1L-12/23 and TNF inhibitors has not yet been closely examined
in a real-world cohort. Prior investigations of the safety of IL-17 inhibitors have generally
been placebo-controlled or have not reported the risks for serious infection separately from
overall adverse events.329-31 Qur results build on the recent work of Kalb etal8 and
Dommasch et a/,1* which found reduced risk of infection with ustekinumab compared with
non-biologic treatments. However, in contrast to that reports, we used more recent data,
included two IL-17 inhibitors, and focused on TNF products, rather than methotrexate, as
our referent group. Our findings also extend a recent report comparing the rate of serious
infections of 1L-17 to 1L-12/23 and some, but not all, TNF inhibitors.32

Interestingly, we found that IL-12/23 inhibitors were associated with a significant reduction
in risk of serious infection compared with TNF inhibitors, which held in subgroup analyses
of PsO but not PsA and in biologic-naive but not biologic-experienced patients. While we
cannot exclude the possibility of residual confounding or the play of chance, PsA patients
appear to have been at higher risk for infection due to other factors (older, female, more
comorbidities and physician office visits, greater utilisation of DMARDSs and
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glucocorticoids). Similarly, biologic-experienced patients are at higher risk compared with
biologic naive patients. For example, the rate in biologic naive ustekinumab-treated patients
(0.9/100py) was approximately half the rate in the biologic-experienced ustekinumab-treated
patients (1.7/100py). Thus, in higher risk patients who have multiple infection-related risk
factors, it may be somewhat more difficult to detect the specific contribution of biologic
exposure compared with other infection-related risk factors. Additionally, the proportion of
biologic-naive episodes was larger in the PO cohort. Nevertheless, we note that the effect
estimate even in the PsA patients for 1L-12/23 exposure was numerically lower (HR=0.74,
95% CI 0.40 to 1.36) and compatible with the protective association observed in the PsO
patients (HR=0.59, 95% CI 0.38 to 0.92).

Among the biologic-naive cohort, we observed a lower risk of serious infections in 1L-12/23
than both IL-17 and TNF. However, given the small sample size of biologic-naive persons
using I1L-17 (8 infections, 332 treatment episodes), further studies are needed to confirm
these results.

Our analysis has limitations. First, the ICD codes used to define serious infections have not
been fully validated in PsO and PsA patients. However, the ICD codes were derived from a
combination of validation studies of patients with inflammatory arthritis (e.g., rheumatoid
arthritis) and clinical expertise. Moreover, our absolute infection rates of approximately 1-2
per 100 patient-years are consistent with PsO and PsA trials and registries.3° Second, our
study had a relatively short duration of follow-up, with a median of 6 months, and thus
comparative risks between drugs should be interpreted accordingly. However, most evidence
suggests that the risks of serious infections are greatest during the first months of treatment.
33 Third, our data are limited to persons with commercial insurance and may not represent
the Medicare, Medicaid and uninsured populations or experiences outside of the US
healthcare system. Finally, as with any observational analysis, we acknowledge the potential
for unmeasured or residual confounding related to confounders that were not available in
these data.

While many factors inform the choice among TNF, IL-17 and IL-12/23 inhibitors, our
results suggest that the risks of serious infections associated with specific biologics may
differ between PsO and PsA patients, and between biologic-naive and biologic-experienced
patients. Given the relatively small magnitude of absolute effect (difference less than 1 per
100 person-years) yet strong relative reduction in risk, this potentially clinically relevant
signal for reduced infections among the 1L-12/23 inhibitors warrants further investigation
and surveillance efforts.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key messages
What is already known about this subject?

| 2 In randomised controlled trials, and some observational cohort studies,
biologic therapies such as interleukin (IL) and tumour necrosis factor (TNF)
inhibitors are associated with an increased risk of serious infection.

What doesthis study add?

| 4 Risks of serious infections were similar among new users of IL-17 and TNF
inhibitors, while persons newly treated with an 1L-12/23 were less likely to
be hospitalised with a serious infection than those newly treated with a TNF.
Risks of serious infections were similar among the biologic experienced users
who initiated a new class of biologic.

How might thisimpact on clinical practice or future developments?

| 4 While many factors guide treatment choices for psoriasis and psoriatic
arthritis, our results, derived from real-world cohorts, may be useful in
guiding clinicians and patients regarding the selection of biologic treatments
for these conditions.
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Figurel.

Individuals with biologics dispensed between 01/01/2015 - 05/31/2018
N =090,410

b 4

Individuals at least 18 years old at index date

N = 88,055

b4

Individuals without competing comorbidity

N =38,712

v

Individuals diagnosed with either psoriasis or psoriatic arthritis by specialist

N =20,714

h 4

Minimumof 8 months continuous insurance enrollment before index date

N = 14,962 persons with 23,368 treatment episodes

b4

Individuals without serious infections in 60 days before index date

N=14,941 persons with 23,311 treatment episodes

v

Individuals without prior trial of biologic class

N = 9,765 persons with 11,560 treatment episodes

IL- 17 IL-12/23 TNF
n=2148 n=2_882 n=6,530

Patient selection process. IL,interleukin; TNF, tumour necrosis factor.
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Figure 2.

Kaplan-Meier curve showing the cumulative incidence of serious infection over time, by
biologic class. IL,interleukin; TNF, tumour necrosis factor.
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Table 2

Frequency counts of ICD codes for serious infection

Code Description Frequency
A419 Sepsis unspecified organism 38
J189 Pneumonia unspecified organism 30
N390 UTI site not specified 20
L03116  Cellulitis of left lower limb 13
L0390 Cellulitis unspecified 12

Other types of serious infection e

*
Clinical description of cells with 10 or fewer observations suppressed per data license.
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Table 4

Page 17

HRs (with 95% CIs) of risk of first serious infection among persons with psoriasis or psoriatic arthritis, by

drug class

Adjusted for propensity

score and imbalanced

Unadjusted covariates
Total cohort
IL-17 vs TNF 0.86 (0.58t0 1.27)  0.89 (0.48 to 1.66)
1L-12/23 vs TNF  0.55 (0.37 t0 0.80)  0.59 (0.39 to 0.90)

IL-17 vs IL-12/23
Psoriasis
IL-17 vs TNF
1L-12/23 vs TNF
1L-17 vs IL-12/23
Psoriatic arthritis
IL-17 vs TNF
1L-12/23 vs TNF
IL-17 vs IL-12/23
Biologic-naive
IL-17 vs TNF
1L-12/23 vs TNF
IL-17 vs IL-12/23
Biologic experienced
IL-17 vs TNF
1L-12/23 vs TNF
1L-17 vs IL-12/23

1.53 (0.94 to 2.51)

0.76 (0.50 to 1.18)
0.53 (0.35 to 0.81)
1.42 (0.83 to 2.41)

0.83 (0.47 t0 1.47)
0.74 (0.41 to 1.34)
1.10 (0.52 to 2.35)

1.45 (0.70 to 3.00)
0.41 (0.22 t0 0.76)
3.63 (14410 9.12)

0.68 (0.42 t0 1.12)
0.62 (0.37 to 1.04)
1.05 (0.59 to 1.90)

1.12 (0.62 to 2.03)

0.73 (0.36 to 1.45)
0.59 (0.38 t0 0.92)
1.01 (0.53 to 1.92)

0.67 (0.25 t0 1.73)
0.74 (0.40 to 1.36)
1.23 (0.50 to 3.01)

2.02 (0.94 10 4.33)
0.46 (0.23 t0 0.89)
3.34 (110 t0 10.12)

0.72 (0.40 to 1.32)
0.72 (0.42 to 1.26)
0.92 (0.49 to 1.74)

IL, interleukin; PsA, psoriatic arthritis; PsO, psoriasis; TNF, tumour necrosis factor.
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