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Abstract
Background and Objective Data on real-world healthcare costs for ixekizumab (IXE) and secukinumab (SEC) in biologic-
experienced patients with psoriasis are limited. This study compared real-world costs and healthcare resource utilization 
between IXE and SEC in biologic-experienced patients with psoriasis over an 18-month follow-up period in the USA.
Methods Adult patients with a diagnosis of psoriasis between 1 March, 2015 and 31 October, 2019 were identified using 
health insurance claims data from IBM Watson Health  MarketScan®. The index date was the date of the first IXE or SEC 
claim. Biologic-experienced patients with one or more pre-period claims for biologic drugs were identified. Inverse prob-
ability of treatment weighting was used to reduce cohort imbalances. All-cause and psoriasis-related direct healthcare costs 
along with index drug costs were estimated during the follow-up and reported as per patient per month. Discount factors pub-
lished by the Institute for Clinical and Economic Review were applied to psoriasis-related biologics to adjust pharmacy costs.
Results A total of 411 IXE and 780 SEC users were included. After weighting, all-cause inpatient admissions were similar 
between IXE (9.5%) and SEC users (10.3%). Weighted, mean ± standard deviation per patient per month all-cause health-
care costs were higher in IXE users ($6670 ± $2910) than in SEC users ($6239 ± $3903; p = 0.049). Psoriasis-related and 
monthly index drug costs were higher in IXE users ($5609 ± $2009; p < 0.001 and $4688 ± $1994; p < 0.001, respectively) 
than in SEC users ($5095 ± $2291 and $3853 ± $1977, respectively). After Institute for Clinical and Economic Review 
adjustment, mean per patient per month all-cause ($4363 ± $2576 vs $4398 ± $3517) and psoriasis-related costs ($3302 
± $1264 vs $3253 ± $1504) were similar between the groups. Institute for Clinical and Economic Review- and adherence-
adjusted mean per patient per month index drug costs were similar between IXE and SEC users (p = 0.339).
Conclusions Institute for Clinical and Economic Review-adjusted all-cause and psoriasis-related costs were comparable 
between IXE and SEC users among biologic-experienced patients over an 18-month follow-up period.

1 Introduction

Psoriasis is a chronic inflammatory skin disease [1] that 
is estimated to affect > 8 million people in the USA [2]. 
Psoriasis increases the physical and psychosocial burden 
of patients and is associated with high direct and indirect 
medical costs, healthcare resource utilization (HCRU), 
and reduced work productivity [3, 4]. In the USA, psori-
asis-related direct healthcare costs were $51.7–$63.2 bil-
lion and indirect costs (owing to presenteeism, absentee-
ism, and unemployment) were $23.9–$35.4 billion for the 

year 2013 [3]. In addition, comorbidities associated with 
psoriasis impose a substantial economic burden on society, 
with an estimated annual contribution of $36.4 billion [3, 
5]. Furthermore, patients with moderate-to-severe psoriasis 
are more likely to incur additional costs because of inpatient 
admissions, emergency room visits, and outpatient visits 
compared with those without psoriasis [6].

The currently available and approved biologics for pso-
riasis include tumor necrosis factor inhibitors, interleu-
kin-12/23 inhibitors, interleukin-17 inhibitors, and interleu-
kin-23 inhibitors [7]. Although prior biologic use is known 
to be associated with lower future biologic efficacy when 
compared with biologic-naïve patients, both ixekizumab 
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Key Points 

Data from phase III trials demonstrated positive efficacy 
results for ixekizumab and secukinumab in biologic-
experienced patients with psoriasis who were previously 
treated with anti-tumor necrosis factors.

In the present study, after applying Institute for Clinical 
and Economic Review adjustments, all-cause and psori-
asis-related costs were comparable between ixekizumab 
and secukinumab users among biologic-experienced 
patients over an 18-month follow-up period.

These results may be important to clinicians when 
making decisions regarding biologic treatment and their 
associated cost burden for patients with psoriasis, espe-
cially for those with prior use of biologics.

(IXE) and secukinumab (SEC) demonstrated positive effi-
cacy in phase III trials in biologic-experienced patients pre-
viously treated with tumor necrosis factor inhibitors [8, 9].

Our previously published results during a 1-year follow-
up suggested that patients with psoriasis who received either 
IXE or SEC incurred similar real-world healthcare costs 
after adjusting for drug discount programs using estimates 
from the Institute for Clinical and Economic Review (ICER) 
[10]. However, data describing real-world costs for IXE and 
SEC in biologic-experienced patients with psoriasis are lim-
ited. Thus, in this study, using claims data and accounting 
for payer discount over 18 months, we compared real-world 
costs, HCRU, and comorbidity-related costs between IXE 
and SEC treatments for patients with psoriasis in the USA 
who were previously treated with biologics.

2  Methods

2.1  Study Design and Data Sources

This retrospective observational study used health insur-
ance claims data between 1 March, 2015 and 31 October, 
2019 from the IBM Watson Health  MarketScan® Research 
Databases, Commercial Database, Medicare Supplemental 
Database, and Early View Database [11].

The MarketScan Commercial Database includes inpa-
tient, outpatient, pharmaceutical, and health plan enroll-
ment data of employees and their dependents covered by 
employer-sponsored private health insurance in the USA. 
The Medicare Supplemental Database contains the above 
information for retirees with Medicare supplemental 

insurance paid for by employers. The Early View Data-
base includes the same components for healthcare services 
incurred as late as approximately 60 days before the data 
release.

All data were obtained using International Classification 
of Diseases, Ninth/Tenth Revisions, Clinical Modification 
(ICD-9-CM/ICD-10-CM) codes, Current Procedural Termi-
nology, 4th edition codes, Healthcare Common Procedure 
Coding System codes, and National Drug Code numbers. All 
database records were statistically de-identified and certi-
fied to be fully compliant with US patient confidentiality 
requirements outlined in the Health Insurance Portability 
and Accountability Act of 1996. This study used only dei-
dentified patient records and did not involve the collection, 
use, or transmittal of individually identifiable data; therefore, 
institutional review board approval was not necessary.

2.2  Patient Cohort and Selection

To mitigate data coding limitations and data entry errors, 
patients with one or more inpatient or two or more non-
diagnostic outpatient claims (at least 30 days apart) with a 
diagnosis of psoriasis (ICD-9-CM diagnosis code 696.1x or 
ICD-10-CM diagnosis codes L40.0–L40.4 or L40.8–L40.9) 
were identified between 1 March, 2015 and 31 October, 
2019. One inpatient diagnosis for psoriasis was considered 
sufficient as they are more reliable, whereas, for outpatients, 
two or more diagnoses were considered because they gener-
ally return to their healthcare provider for continued treat-
ment. Patients were required to have at least one claim for 
the index drug (IXE or SEC) between 1 March, 2016 and 
31 October, 2019, with a diagnosis of psoriasis before or 
coinciding with the first claim for that index drug. The date 
of the first IXE or SEC claim was considered the index date 
and patients were classified as IXE or SEC users, based on 
the drug received at the index.

Biologic-experienced patients were identified as patients 
with one or more claims of the following biologic drugs indi-
cated for psoriasis during a 6-month pre-period: certolizumab 
pegol, etanercept, adalimumab, infliximab, brodalumab, 
ustekinumab, guselkumab, SEC, and IXE. Risankizumab 
was not included, as it was approved on 23 April, 2019. 
Other inclusion criteria were ≥ 18 years of age at the index 
date with continuous enrollment with medical and pharmacy 
benefits for at least 6 months before the index date and 18 
months after the index date (post-period). Patients diagnosed 
with psoriatic arthritis or ankylosing spondylitis (indica-
tions approved for IXE or SEC) during the pre-period were 
excluded. In addition, patients with the index medication 
claim within 90 days before the index date were excluded.
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2.3  Healthcare Resource Utilization

Healthcare resource utilization was reported for the fol-
lowing categories: (a) inpatient; (b) outpatient (emergency 
room, office visit, other outpatient services), and (c) outpa-
tient prescription. For inpatient services, the number and 
percentage of patients with an inpatient admission, count of 
inpatient admissions, and average length of inpatient stay per 
inpatient admission were reported. All outpatient categories 
were reported as the number and percentage of patients with 
a visit and count of visits, and outpatient prescriptions were 
reported as the number and percentage of patients with an 
outpatient prescription and count of prescriptions.

All utilization measures were reported as per patient per 
month (PPPM). For psoriasis-specific utilization, office-
administered biologics were also captured and reported. 
Psoriasis-specific utilization was captured based on inpa-
tient claims with a primary diagnosis for psoriasis, outpa-
tient claims with a psoriasis diagnosis in any position, and 
medication treatment specifically for psoriasis. All-cause 
and psoriasis-specific HCRU were measured during the 
18-month follow-up period.

2.4  Healthcare Costs (Unadjusted)

The unadjusted all-cause and psoriasis-related direct 
healthcare costs along with index drug costs for IXE and 
SEC users were estimated over an 18-month follow-up. 
Psoriasis-related costs were based on a similar approach 
as outlined above for psoriasis-specific utilization. Costs 
were reported in total and by service category, including 
inpatient services, outpatient services, and outpatient phar-
macy. Healthcare costs were estimated using paid amounts 
of adjudicated claims, including insurer and health plan 
payments along with patient cost-sharing (co-payment, 
deductible, and coinsurance). The cost for services pro-
vided under capitated arrangements was estimated using 
the payment proxies. These payment proxies from the 
Commercial and Medicare Supplemental Databases were 
based on paid claims at the procedure level. All costs were 
adjusted to 2019 dollars using the Medical Care Compo-
nent of the Consumer Price Index.

2.5  Healthcare Cost Adjustments: ICER‑Adjusted 
and ICER‑Adherence‑Adjusted Costs

As insurance claims may not always or consistently cap-
ture pharmacy rebates, patient assistance programs, and 
commissions to wholesalers, healthcare cost comparison 
can be biased if one drug has a higher discount factor 
than the other. To obtain adjusted all-cause and psoria-
sis-related costs, published ICER discount factors (based 

on net price divided by wholesale acquisition cost) were 
applied to biologics specific for psoriasis to adjust phar-
macy costs (i.e., drug costs × [1-ICER discount factor]) 
[12].

The ICER discount rates of 0.44 and 0.38 were applied to 
IXE and SEC, respectively [12]. Adjusted all-cause and pso-
riasis-related costs were obtained by combining (a) ICER-
adjusted costs for index drugs and other psoriasis-related 
biologics and (b) all-cause or psoriasis-related healthcare 
costs after excluding psoriasis-specific biologics costs. Sen-
sitivity analyses were performed by varying the index drug 
discount rates by ± 5% to estimate mean cost differences in 
ICER-adjusted all-cause costs and psoriasis-related costs.

Drug costs can be impacted by treatment adherence as 
higher adherence results in more consumption of medica-
tion. Adjustment by adherence was performed (by dividing 
ICER-adjusted index drug costs by treatment adherence for 
each cohort) to obtain ICER-adherence-adjusted index drug 
costs. The adjusted costs represent the index drug costs when 
patients are fully adherent to treatment over 18 months. 
Adherence was measured as the proportion of days covered 
and was defined as the number of days with medication on 
hand during the follow-up period for each cohort divided by 
730. When two prescriptions overlapped, the start date of the 
second prescription was adjusted to the date after the end 
of the prior prescription. Days’ supply from the last claim 
beyond the end of follow-up was truncated. Quarterly ICER-
adjusted all-cause costs, psoriasis-related costs, and index-
drug costs during the follow-up period were also reported.

2.6  Discrete Monthly Costs 
and Comorbidity‑Related Costs

Unadjusted and ICER-adjusted all-cause costs, psoriasis-
related costs, index drug costs, and comorbidity-related costs 
incurred in months 4–6 and 1–3 before the index and at each 
quarter from months 1 to 18 after the index were reported. 
Pre- and post-period cost differences and changes in the cost 
of related comorbidities between IXE and SEC users were 
evaluated. These cost outcomes would shed light on whether 
the biologic treatments led to reduced comorbidity-related 
costs, hence, a cost offset of the high drug costs. Comor-
bid conditions are listed in the “Covariates” section below. 
The approach used to capture comorbidity-related costs was 
similar to that used for identifying psoriasis-related costs.

2.7  Covariates

Demographic characteristics were measured at the index date 
and included the following variables: age, sex, payer, health 
plan type, and geographic region. Clinical characteristics 
were measured in the pre-period and included Deyo–Charl-
son Comorbidity Index and any comorbid diseases (anxiety, 
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coronary heart disease, depression, diabetes mellitus, hyper-
lipidemia, hypertension, obesity, other autoimmune dis-
orders, osteoarthritis, and sleep apnea). Psoriasis-related 
medication use in the pre-period, such as systemic agents/
targeted oral therapies (apremilast, acitretin, systemic ster-
oids, cyclosporine, methotrexate, azathioprine, hydroxyu-
rea, isotretinoin, leflunomide, methoxsalen, mycophenolate 
mofetil, sulfasalazine, or thioguanine), topical treatments, 
and phototherapy were also included. Other covariates were 
pre-period psoriasis-related costs and comorbidity-related 
costs.

Similarly, to estimate the adjusted comorbidity-related 
costs, the following covariates were included in the mul-
tivariable logistic regression model: demographic charac-
teristics (age, sex, payer, health plan type, and geographic 
region), pre-period Deyo–Charlson Comorbidity Index, 
psoriasis-related medication use in the pre-period, such as 
systemic agents/targeted oral therapies (listed above), topi-
cal treatments, phototherapy, and pre-period psoriasis- and 
comorbidity-related costs.

2.8  Statistical Analyses

Descriptive statistics were reported for IXE versus SEC; 
categorical variables were presented as percentages and 
continuous variables were presented as means and standard 
deviations. The MarketScan Research Databases include 
only fully adjudicated claims, and no patients were excluded 
because of missing data. To address potential cohort imbal-
ances, inverse probability of treatment weighting was 
employed using a logistic regression model with IXE versus 
SEC as a dependent variable [13]. All the demographic and 
clinical variables listed in the above section were included 
as covariates along with pre-period psoriasis-related costs. 
The propensity score was defined as the probability of being 
treated by IXE. With p = estimated propensity score, the 
weights were defined as 1/p for IXE users and 1/(1 − p) for 
SEC users. Unweighted and weighted results are presented 
for pre-period patient characteristics. Cohort balances were 
evaluated by standardized difference (Std Diff) and a Std Diff 
of ≤ 10 indicates a good balance. Except for the difference 
between the change in pre- and post-period costs of related 
comorbidities, all cost data presented in this study were 
weighted via inverse probability of treatment weighting. 
Statistical tests of significance for comparison of weighted 
values were performed by weighted t tests for continuous 
variables and weighted Chi-square tests for binary/categori-
cal variables. The a priori p value of < 0.05 was considered 
statistically significant.

A two-part model was used to estimate the adjusted 
comorbidity-related costs. First, the association between 
index treatment and any costs was estimated using a 
weighted multivariable logistic regression model. Second, 

the association between index treatment and follow-up 
period comorbidity-related costs were estimated using a 
Gamma-family generalized linear model with a log link. 
Predicted costs were estimated for each index drug using 
the recycled predictions method. Demographic variables, 
pre-period psoriasis treatment (psoriasis systemic agents/
targeted oral therapies, topical agents, and phototherapy), 
log pre-period psoriasis-related costs, and pre-period comor-
bidity-related costs were included as covariates. Descrip-
tive data were analyzed using WPS Analytics version 4.02 
(World Programming, Romsey, UK). Inverse probability of 
treatment weighting and multivariable analyses were con-
ducted using R version 3.6.3 (R Foundation for Statistical 
Computing, Vienna, Austria).

3  Results

3.1  Demographics and Clinical Characteristics

A total of 1191 patients (IXE users, n = 411; SEC users,  
n = 780) were included in the study (Fig. 1). Demographic 
and clinical characteristics are summarized in Table  1. 
Before weighting, the mean age of patients in the IXE and 
SEC groups was 48.8 and 48.5 years, respectively. Of all 
patients, 56.9 and 52.9% were male in the IXE and SEC 
groups, respectively. The most common comorbidities in 
IXE and SEC users were hypertension (26.0 vs 28.2%, Std 
Diff 4.9), hyperlipidemia (22.1 vs 21.8%, Std Diff 0.8), and 
obesity (19.7 vs 18.3%, Std Diff 3.5). At baseline, before 
weighting, all-cause ($4695 vs $4718, Std Diff 0.7) and 
psoriasis-related healthcare costs ($3895 vs $3810, Std Diff 
4.3) were comparable between the two groups. After weight-
ing, all the baseline demographic and clinical characteristics, 
except for the health plan type, were balanced between IXE 
and SEC groups. 

3.2  Healthcare Utilization

After weighting, all-cause inpatient admissions were simi-
lar between IXE (9.5%) and SEC users (10.3%, p = 0.682) 
during the 18-month follow-up period (Table 2). Outpatient 
visits (emergency room visits, outpatient office visits, and 
other outpatient services) were comparable between IXE and 
SEC users. The same was observed for psoriasis-related out-
patient services. 

3.3  Unadjusted Healthcare Costs

The mean ± standard deviation PPPM all-cause health-
care costs (after weighting) during the 18-month follow-
up period were higher in IXE users ($6670 ± $2910) 
than in SEC users ($6239 ± $3903; p = 0.049). Similarly, 
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psoriasis-related costs and index drug costs were higher 
in IXE users ($5609 ± $2009; p < 0.001 and $4688 ± 
$1994, respectively; p < 0.001) than in SEC users ($5095 
± $2291 and $3853 ± $1977, respectively; Table 3). For 
IXE and SEC users, outpatient pharmacy costs comprised 
87.1 and 84.5% of all-cause costs and 98.6 and 98.2% of 
psoriasis-related costs, respectively. 

3.4  ICER‑Adjusted Costs

After ICER adjustment, mean PPPM all-cause costs (IXE, 
$4363 ± $2576; SEC, $4398 ± $3517; p = 0.861) and 
psoriasis-related costs ($3302 ± $1264 vs $3253 ± $1504; 
p = 0.576) were comparable between IXE and SEC users 
(Fig. 2a). Sensitivity analyses showed no significant differ-
ences in mean all-cause ICER-adjusted costs between IXE 

and SEC users after varying the ICER discount factors by ± 
5% (Electronic Supplementary Material). 

The ICER-adjusted mean PPPM index drug costs were 
higher in IXE users ($2626 ± $1117) than in SEC users 
($2389 ± $1225; p = 0.001, Fig. 2b). Mean adherence 
(proportion of days covered) during follow-up in IXE and 
SEC users was 0.65 and 0.61, respectively (p = 0.033). 
After applying ICER and adherence adjustments, mean 
PPPM index drug costs were similar between IXE and 
SEC users ($4056 vs $3943, p = 0.339, Fig. 2b).

3.5  Costs by Discrete Months

The discrete monthly cost trend showed that the ICER-
adjusted mean all-cause healthcare costs, psoriasis-related 

aPsoriasis biologics included: adalimumab, brodalumab, certolizumab, etanercept, guselkumab, infliximab, IXE, SEC, and 

ustekinumab 

≥18 years old on the index date
n = 4080 (1.6%)

Patient has ≥1 inpatient or ≥2 non-diagnostic outpatient claims at least 30 days apart with a diagnosis of psoriasis at any time 
from 1 July, 2015 to 31 October, 2019 

n = 261,539 (100%)

AND ≥1 claim for IXE or SEC between 1 March, 2016, and 31 October, 2019, occurring on or after first psoriasis diagnosis date 
(index date)

n = 14,604 (5.6%)

Index drug: IXE
n = 4082 1.6%

Index drug: SEC
n = 10,522 4.0%

Continuous enrollment (medical and pharmacy) AND no 
diagnosis for other indications of the index drug for 6 

months before the index date
n = 2510 (1.0%)

No evidence of a pharmacy claim for the index drug in the 
90 days before the index date

n = 2470 (0.9%) 

18 months of continuous enrollment following the index date 
n = 747 (0.3%)

≥18 years old on the index date
n = 10,512 (4.0%)

Continuous enrollment (medical and pharmacy) AND no 
diagnosis for other indications of the index drug for 6 

months before the index date
n = 4692 (1.8%)

No evidence of a pharmacy claim for the index drug in the 
90 days before the index date

n = 3975 (1.5%) 

18 months of continuous enrollment following the index date 
n = 1508 (0.6%)

Biologic-experienced
 (Psoriasis biologic use in the 6-month pre-period)

a

n = 411 (55.0%)

Biologic-experienced
 (Psoriasis biologic use in the 6-month pre-period)

a

n = 780 (51.7%)

Fig. 1  Patient attrition. IXE ixekizumab, SEC secukinumab 
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costs, and index drug costs were substantially reduced after 
the first 3 months for both IXE and SEC users (Fig. 3). 

3.6  Pre‑ and Post‑period Comorbidity‑Related Costs 

Post-period comorbidity-related costs (unweighted) 
accounted for 5–7% of total all-cause healthcare costs in 

IXE and SEC users. The unweighted pre-period ($321 ± 
$934) and post-period ($333 ± $752) differences in all 
comorbidity-related costs were not statistically significant in 
IXE users ($12, p = 0.789), whereas significant differences 
were observed in SEC users ($67, p = 0.036). The difference 
in pre- and post-period change in comorbidity-related costs 
of individual treatment between IXE and SEC was − $55 

Table 1  Baseline demographic and clinical characteristics before and after weighting, IXE versus SEC

CDHP consumer-driven health plan, EPO exclusive provider organization, HDHP high deductible health plan, HMO health maintenance organi-
zation, IXE ixekizumab, POS point of service, PPO preferred provider organization, PsO psoriasis, SD standard deviation, SEC secukinumab, 
Std. Diff. standardized difference, USD US dollars
a Reported per patient per month

Characteristics Before weighting After weighting

IXE SEC Std. Diff. IXE SEC Std. Diff.

N = 411 N = 780 N = 411 N = 780

Age, years, mean (SD) 48.8 (10.8) 48.5 (11.5) 2.0 48.5 (11.0) 48.6 (11.3) 0.9
Male, (%) 56.9 52.9 8.0 54.2 54.4 0.3
Commercial payers, % 95.9 94.7 5.3 95.4 95.2 1.1
Insurance plan type, % 28.9 13.0
Comprehensive/indemnity 3.2 4.7 4.1 4.2
EPO/PPO 60.3 57.6 59.0 57.9
POS/POS with capitation 4.1 5.3 4.7 4.8
HMO 7.1 12.8 11.0 10.8
CDHP, HDHP 25.1 18.2 21.0 20.8
Other/unknown 0.2 1.4 0.2 1.4
Geographic region, % 17.5 7.5
Northeast 14.6 16.0 15.6 15.5
North Central 27.0 21.8 23.8 23.8
South 48.7 48.3 49.0 48.3
West 9.7 13.6 11.6 12.2
Unknown 0.0 0.3 0.0 0.3
Pre-period comorbid conditions, %
Anxiety 8.5 9.1 2.1 8.8 8.8 0.2
Coronary heart disease 3.9 3.2 N/A 2.9 3.1 N/A
Depression 7.8 7.4 1.3 7.6 7.6 0.1
Diabetes mellitus 15.8 15.0 2.3 15.3 15.4 0.3
Hyperlipidemia 22.1 21.8 0.8 21.6 21.9 0.7
Hypertension 26.0 28.2 4.9 26.8 27.4 1.3
Obesity 19.7 18.3 3.5 19.0 18.9 0.4
Osteoarthritis 6.6 8.2 6.3 7.4 7.6 0.8
Other autoimmune disorders 3.4 5.0 7.9 3.9 4.4 2.5
Sleep apnea 10 10.6 2.2 10.3 10.4 0.4
PsO treatment
Any biologics (biologic-experienced), % 100.0 100.0 0.0 100.0 100.0 0.0
Any systemic agents/targeted oral therapies, % 36.3 34.5 3.7 34.9 35.1 0.4
Any topical agents, % 59.4 59.9 1.0 59.6 59.7 0.1
Phototherapy or laser treatments, % 1.7 1.5 N/A 1.5 1.6 N/A
All-cause healthcare  costa, USD, mean (SD) 4695 (2875) 4718 (3660) 0.7 4644 (2857) 4725 (3576) 2.5
PsO-specific healthcare  costa, USD, mean (SD) 3895 (2021) 3810 (1946) 4.3 3850 (2049) 3842 (1955) 0.4
Pre-period comorbidity-related  costsa, mean (SD) 321 (934) 329 (919) 0.8 319 (920) 327 (911) 0.8
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(for all conditions combined). After multivariable adjust-
ment, no significant differences were observed in post-period 
weighted comorbidity-related costs between IXE and SEC 
users ($442 and $466; difference: $24; p = 0.770).

4  Discussion

These real-world administrative claims analyses compared 
healthcare costs in biologic-experienced patients with 

Table 2  All-cause and PsO-related healthcare resource utilization during the 18-month follow-up period in biologic-experienced patients with 
PsO

ER emergency room, IXE ixekizumab, PPPM per patient per month, PsO psoriasis, SD standard deviation, SEC secukinumab

Variable Before weighting After weighting

IXE, N = 411 SEC, N = 780 p value IXE SEC p value

All-cause healthcare utilization, PPPM
Inpatient
Patients with an admission (%) 9.5% 10.5% 0.578 9.5% 10.3% 0.682
Number of inpatient admissions (mean ± SD) 0.01 ± 0.05 0.01 ± 0.03 0.372 0.01 ± 0.05 0.01 ± 0.03 0.345
Length of stay (in days) per admission (mean ± SD) 4.0 ± 4.5 4.5 ± 4.3 0.540 4.1 ± 4.6 4.7 ± 4.5 0.516
Outpatient
ER visits
Patients with an ER visit (%) 28.7% 26.3% 0.370 28.4% 25.8% 0.327
Number of ER visits (mean ± SD) 0.03 ± 0.06 0.03 ± 0.08 0.784 0.03 ± 0.06 0.03 ± 0.08 0.832
Outpatient office visits
Patients with an office visit (%) 99.8% 99.1% 0.275 99.6% 99.2% N/A
Number of office visits (mean ± SD) 0.7 ± 0.5 0.8 ± 0.6 0.520 0.7 ± 0.5 0.8 ± 0.6 0.816
Other outpatient services
Patients with other outpatient services (%) 409, 99.5% 770, 98.7% 0.236 99.4% 98.6% N/A
Number of other outpatient services (mean ± SD) 1.1 ± 1.2 1.1 ±1.2 0.513 1.1 ± 1.2 1.1 ± 1.1 0.855
Outpatient pharmacy
Patients with a prescription (%) 100% 100% 1.000 100% 100% 1.000
Number of prescriptions (mean ± SD) 2.8 ± 2.1 2.9,2.1 0.666 2.8 ± 2.1 2.9 ± 2.1 0.685
PsO-related healthcare utilization, PPPM
Inpatient
Patients with an admission (%) 0% 0% NA 0% 0% NA
Number of inpatient admissions (mean ± SD) – – – – – –
Length of stay (in days) per admission (mean ± SD) – – – – – –
Outpatient
ER visits
Patients with an ER visit (%) 1.0% 2.1% 1.0% 2.1%
Number of ER visits (mean ± SD) 0.001 ± 0.005 0.001 ± 0.009 0.136 0.001 ± 0.005 0.001 ± 0.010 0.110
Outpatient office visits
Patients with an office visit (%) 97.8% 96.4% 0.186 97.8% 96.6% 0.232
Number of office visits (mean ± SD) 0.2 ± 0.2 0.2 ± 0.2 0.213 0.2 ± 0.2 0.2 ± 0.2 0.209
Office-administered PsO treatment
Patients with office-administered PsO treatment claims (%) 36.0% 37.4% 0.628 35.9% 37.7% 0.534
Number of office-administered PsO treatment claims (mean 

± SD)
0.1 ± 0.3 0.1 ± 0.3 0.749 0.1 ± 0.3 0.1 ± 0.3 0.635

Other outpatient services
Patients with other outpatient services (%) 75.9% 76.9% 0.695 74.4% 77.1% 0.312
Number of other outpatient services (mean ± SD) 0.1 ± 0.1 0.1 ± 0.2 0.028 0.1 ± 0.1 0.1 ± 0.2 0.016
Outpatient pharmacy
Patients with a prescription (%) 100.0% 100.0% 1.000 100.0% 100.0% 1.000
Number of prescriptions (mean ± SD) 1.0 ± 0.4 0.9 ± 0.5 0.498 0.9 ± 0.4 0.9 ± 0.5 0.610
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psoriasis who were treated with IXE or SEC over 18 months. 
The findings suggest that although the unadjusted all-cause 
and psoriasis-related costs were higher in IXE users than in 
SEC users, these costs were similar after adjusting for payer 
discounts. Pharmacy rebates, patient assistance programs, 
and commissions to wholesale are typically not captured 
in insurance payments. In addition, the specifics of drug 
discounts are usually confidential, which makes it challeng-
ing to understand the actual healthcare costs. The discount 
factors published by the ICER provided a viable approach 
to address this issue and evaluate the real-world costs of 
psoriasis treatment. In this study, sensitivity analyses were 
performed by varying the IXE and SEC discount factors by 
± 5%. Sensitivity analysis results corroborated with the main 
analysis that the ICER-adjusted all-cause and psoriasis-
related costs were comparable between IXE and SEC users.

At the 1-year follow-up, our previous study reported the 
unadjusted PPPM all-cause costs ($7313 vs $6477), psori-
asis-related costs ($6303 vs $5437), and index drug costs 
($5613 vs $4626) in patients initiating IXE or SEC [10]. 
These monthly costs were higher than those in the current 
study. Another study reported (average of 7.5 months follow-
up period) higher unadjusted PPPM all-cause costs ($8560) 
and psoriasis-related costs ($7792) following IXE initia-
tion in a sub-group of biologic-experienced patients [14] 
when compared with those in the current study (all cause: 
$6670; psoriasis related: $5609). However, in our study, 
these costs were comparable for IXE (all cause: $4363, 
psoriasis related: $3302) and SEC users (all cause: $4398, 
psoriasis related: $3253) after applying ICER discounts. 
Both IXE and SEC have an induction period that requires a 
higher dosage resulting in higher daily costs than the main-
tenance period. A longer follow-up period, hence, a longer 

maintenance therapy period, as in the current study, may 
explain the lower monthly costs. The higher ICER-adjusted 
healthcare and index drug costs for IXE and SEC users 
observed in the first quarter of the follow-up period could 
also be attributed to the higher number of induction doses 
required during IXE or SEC initiation. However, the costs 
dropped substantially after the first quarter and did not fluc-
tuate between the IXE and the SEC users. For index drugs, 
the mean unadjusted costs were higher for IXE when com-
pared with SEC but were similar after adjusting for payer 
discounts and treatment adherence.

The ICER report estimated first-year costs to be $51,374 
for IXE and $49,624 for SEC when patients were fully 
adherent and received a standard price discount [12]. In this 
study, the estimated adjusted costs over 18 months were 
$73,540 and $71,505 for IXE and SEC users, respectively, 
among biologic-experienced patients.

The current study reported the costs of IXE and SEC 
in biologic-experienced patients with psoriasis. Biologics 
carry a substantial cost burden. In general, some patients 
treated with biologics do not respond to the treatment (pri-
mary failure), while others who respond initially may lose 
response over time (secondary failure) [15]. As a result, in 
clinical practice, switching to alternate biologics and dose 
escalation are used in subgroups of patients as a measure 
to improve efficacy and manage increasing dose tolerance 
issues over time [15, 16]. Although this is well tolerated in 
most of the patients, failing a prior biologic and switching 
to alternate biologics potentially increase costs owing to an 
increased dosing frequency during the induction period and 
therefore, higher costs for the payers [17].

The major drivers for all-cause and psoriasis-related 
HCRU in both the groups were outpatient services and 

Table 3  Unadjusted all-cause and PsO-related PPPM healthcare costs in biologic-experienced patients, 18-month follow-up

IXE ixekizumab, PPPM per patient per month, PsO psoriasis, SD standard deviation, SEC secukinumab, USD US dollars

Cost PPPM Before weighting After weighting

IXE SEC p value IXE SEC p value

All-cause healthcare costs, USD (SD)
 Total healthcare costs 6667 (2879) 6257 (3978) 0.065 6670 (2910) 6239 (3903) 0.049
 Patient out-of-pocket costs 328 (402) 277 (312) 0.015 319 (395) 284 (317) 0.098
 Inpatient costs 329 (1751) 267 (1191) 0.471 329 (1763) 266 (1210) 0.466
 Outpatient costs 523 (228) 710 (2799) 0.186 532 (228) 696 (255) 0.236
 Outpatient pharmacy costs 5815 (2040) 5280 (2358) < 0.001 5809 (2059) 5277 (2332) < 0.001

PsO-related healthcare costs, USD (SD)
 Total healthcare 5626 (2009) 5095 (2320) < 0.001 5609 (2009) 5095 (2291) < 0.001
 Inpatient admissions 0 0 N/A 0 0 N/A
 Outpatient services 75 (349) 87 (353) 0.563 75 (350) 87 (357) 0.555
 Outpatient pharmacy 5552 (2005) 5008 (2314) < 0.001 5534 (2004) 5007 (2282) < 0.001

Index drug costs, USD (SD) 4721 (1984) 3868 (1986) < 0.001 4688 (1994) 3853 (1977) < 0.001
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pharmacy. This conforms with the results of another study 
in which HCRU and cost in biologic-treated patients with 
moderate-to-severe psoriasis were primarily driven by 
higher pharmacy costs and more outpatient encounters [18]. 
Additionally, patients with psoriasis have been reported to 
have a greater number of comorbidities leading to higher 
HCRU and costs [18].

A recent network meta-analysis reported that IXE was 
the most cost-effective biologic in the USA while target-
ing complete resolution, as measured using the Psoriasis 
Area and Severity Index 100 in patients with psoriasis [19]. 
Costs of IXE and SEC were comparable after adjusting for 
ICER discounts and treatment adherence, which is supported 
by the current data. Together, these findings support a cost 

profile for IXE comparable to that of SEC in the routine care 
of biologic-experienced patients with psoriasis.

A few limitations should be considered when interpreting 
the data from this study. Because of data coding limitations, 
data entry errors, or inaccurate codes, there could be misclas-
sifications or errors potentially affecting study outcomes. 
Prior biologic exposure was based on a 6-month pre-period 
and therefore, may have missed patients who were treated 
prior to the index date. The Early View Database was used to 
capture the most recent utilization of study drugs. Although 
the Early View Database contains fully adjudicated claims, 
the medical component of care may not have been complete, 
resulting in an underestimation of healthcare costs. Inverse 
probability of treatment weighting and multivariable modeling 

Fig. 2  a Mean all-cause and 
psoriasis (PsO)-related health-
care costs per patient per month 
(PPPM) before and after Insti-
tute for Clinical and Economic 
Review (ICER) adjustments; b 
ICER- and adherence-adjusted 
index drug costs. ICER Institute 
for Clinical and Economic 
Review, PPPM per patient per 
month, PsO psoriasis, USD US 
dollars
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were employed to address cohort imbalances. The unobserv-
able imbalances that remained can impact the findings from 
this study. The ICER discount rates published in 2018 were 
used for the entire study period. As this analysis focused on 
patient populations with commercial and Medicare supple-
mental insurance, findings may not be generalizable to other 
insured or uninsured US or international patient populations.

5  Conclusions

This retrospective analysis showed that after applying ICER 
adjustments, all-cause and psoriasis-related costs were com-
parable over an 18-month follow-up period between IXE 
and SEC users among biologic-experienced patients. In 
addition, psoriasis-related costs of IXE and SEC were simi-
lar after considering payer discounts and treatment adher-
ence. These results may be beneficial to payers in making 

informed decisions on coverage and formulary placements 
on these two biologics. The results also provide important 
real-world evidence to aid clinicians in making decisions 
regarding biologic treatment for patients with psoriasis who 
are previously treated with biologics.
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