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Abstract

Background

Immunogenicity due to antidrug antibodies (ADA) to tumor necrosis factor (TNF)-α antago-

nists is known to decrease treatment response. However, few studies have investigated

ADA in ustekinumab, an interleukin-12 and -23 antagonist, in a clinical setting. This study

aimed to investigate the immunogenicity of ustekinumab and its clinical consequences in

psoriasis.

Methods

This prospective observational study enrolled 76 patients with plaque psoriasis who were

treated with ustekinumab for a minimum of 7 months. Blood samples were drawn just prior

to scheduled ustekinumab injection during clinic visits. Levels of anti-ustekinumab antibody

(AUA) and serum ustekinumab concentration were measured respectively by radioimmuno-

assays and enzyme-linked immunoassays respectively, and correlated to clinical data and

Psoriasis Area and Severity Index (PASI).

Results

AUA was detected in 6.5% of patients after a mean of 13 months of treatment. Patients with

positive AUA had significantly lower serum ustekinumab concentrations (0.01 vs. 0.2 mg/L,

p<0.001) and lower PASI 50 response than patients without AUA (0% vs. 69%, p = 0.004).

The percentage of AUA formation was comparable between patients who had failed previ-

ous adalimumab with or without anti-adalimumab antibodies (AAA) (14.3% vs. 12.5%, p =

1.00). However, a higher proportion of switchers without AAA obtaining PASI50 (71.4% vs.

37.5%) and PASI75 response (42.9% vs.12.5%) within 7 months of ustekinumab treatment

than with AAA though this difference did not reach statistical significance.

PLOS ONE | DOI:10.1371/journal.pone.0142930 November 13, 2015 1 / 10

OPEN ACCESS

Citation: Chiu H-Y, Chu TW, Cheng Y-P, Tsai T-F
(2015) The Association between Clinical Response to
Ustekinumab and Immunogenicity to Ustekinumab
and Prior Adalimumab. PLoS ONE 10(11): e0142930.
doi:10.1371/journal.pone.0142930

Editor: Cordula M. Stover, University of Leicester,
UNITED KINGDOM

Received: September 29, 2015

Accepted: October 28, 2015

Published: November 13, 2015

Copyright: © 2015 Chiu et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information files.

Funding: This work was supported by a grant from
Far Eastern Memorial Hospital (FEMH-2014-C-042).
The funders had no role in study design, data
collection and analysis, decision to publish, or
preparation of the manuscript.

Competing Interests: The authors of this manuscript
have the following competing interests: Dr. Tsen-
Fang Tsai has conducted clinical trials or received
honoraria for serving as a consultant for Pfizer
Pharmaceuticals, Serono International SA (now

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0142930&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Conclusions

Our results suggest that presence of AUA was significantly associated with treatment failure

for ustekinumab, though limited by a small sample size. Also, determining the presence of

ADA to antecedent TNF-α antagonists may assist in choosing an optimized subsequent

treatment modality achieving treatment success.

Introduction
Psoriasis is as an inflammatory disorder involving increased production of proinflammatory
cytokines by the immune system [1,2]. Biologics targeting tumor necrosis factor (TNF) or inter-
leukins 12 and 23 (IL-12/23) are increasingly used to treat moderate-to-severe psoriasis [3,4,5].
Though the majority of patients respond well, a gradual decrease in efficacy over time following
an initial response to biologics is common [5]. The presence of antidrug antibodies (ADA) to
TNF-α blockers is thought to play a role in secondary treatment failure in patients with rheuma-
toid arthritis, Crohn’s disease and ankylosing spondylitis [5,6,7,8]. In psoriasis patients treated
with TNF-α blockers, a recent systemic review [9] as well our study [10] also suggested that pres-
ence of ADAs to infliximab and adalimumab is associated with loss of treatment response [9].

Ustekinumab, a human monoclonal antibody against the shared p40 subunit of IL-12 and
IL-23, has shown great benefit in the treatment of psoriasis across different ethnic groups and
geographical regions [11,12,13,14,15,16,17]. However, there is a paucity of data on the immu-
nogenicity of ustekinumab in psoriasis patients, particularly for Asians in clinical setting.
Much of the existing data—based mostly on Caucasian patients—have not established an asso-
ciation between anti-ustekinumab antibody (AUA) and clinical response. There is also a lack
of transparency in various assays used to measure ADA and serum drug concentration, and
methods in some clinical trials are not completely reported. It has also been reported that
ADAs in a real world may develop at a higher frequency than those reported in clinical trials
[9,10,18,19]. To bridge this gap of knowledge, we investigated the risk of ADA formation
against ustekinumab in a real world clinical setting and assessed its effect on therapeutic
response in a Taiwanese population with psoriasis. Moreover, as a sub-aim of this study, we
also evaluated whether formation of ADA to an antecedent biologics, i.e., adalimumab, was
associated with lack of clinical response to subsequent ustekinumab treatment.

Materials and Methods

Study population
This prospective observational cohort study enrolled 76 consecutive patients with plaque psori-
asis who underwent an ustekinumab treatment regimen for at least 7 months at a tertiary refer-
ral center between March 2012 and December 2014. The study was approved by the local
investigational research bureau of National Taiwan University Hospital (201207080RIC) and
National Taiwan University Hospital Hsin-Chu Branch (103-082-E). Patient records/informa-
tion was anonymized and de-identified prior to analysis. After approval by institutional ethics
committee and written informed consent, blood samples were obtained during routine clinic
visits for the measurement of AUA and serum ustekinumab concentration. Most psoriasis
patients received subcutaneous ustekinumab 45 mg at weeks 0, 4, then every 12 weeks thereaf-
ter. Dose reduction was only noted in 12 non-reimbursed patients. In Taiwan, patients with
Psoriasis Area and Severity Index (PASI)� 10 who failed conventional systemic agents and
phototherapy are eligible for biologics reimbursed by the National Health Insurance. Reim-
bursement is discontinued for patients with PASI< 10 after 6 months of biologics therapy,
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and a minimum PASI50 response is required for reapplication. Prior to AUAmeasurement,
the following clinical parameters were recorded, including sex, age, age at onset, family history,
psoriatic arthritis (PsA), previous and concomitant immunosuppressant, number of preceding
biological treatments and response, time interval between ustekinumab injections and PASI.

Clinical response to ustekinumab
PASI scores were recorded at baseline; after 4, 16 and 28 weeks of treatment; and at the most
recent visit. Responders were defined as 50% reduction in PASI (PASI 50) compared to base-
line within 7 months of treatment.

To analyze factors that influence the development of AUA and subsequent clinical response,
we defined treatment parameters as follow. “Interrupted therapy” refers to a withdrawal period
for more than one month, followed by a retreatment. “Switchers” are patients who switched to
ustekinumab after prior treatment with TNF-α blockers (e.g., etanercept or adalimumab).

Measurement of serum ustekinumab trough concentration and
antibodies against ustekinumab and adalimumab
After patients had received at least 7 months (28 weeks) of ustekinumab, blood samples were
collected at a single time-point just prior to ustekinumab injection during their routine clinic
visits. Trough serum ustekinumab levels were measured by enzyme linked immunosorbent
assay (ELISA) similar to one for adalimumab [20] using the target (IL-12) and rabbit antiuste-
kinumab to capture and detect, respectively. AUAs were detected by radioimmunoassay (RIA).
RIA and ELISA were both performed at Sanquin Research, Amsterdam, the Netherlands. The
detection limit of the assay for serum ustekinumab concentration is approximately 0.002 mg/L
and the antibody test was considered positive when the concentration of AUA exceeded 12
arbitrary units (AU)/mL [21]. The details of the methods used to measure AUA and drug con-
centration are described in S1 File.

For patients who switched from adalimumab to ustekinumab treatment, blood sample for
the measurement of anti-adalimumab antibody (AAA) and serum adalimumab concentration
was drawn prior to starting ustekinumab—and after completing at least 3 months of preceding
adalimumab therapy. Adalimumab trough concentrations and AAA levels were measured by
ELISA and RIA respectively (Sanquin Diagnostic Services) as described previously and the
mean cut-off value for positive AAA was set at 12 AU/ml [5,10,20,22,23].

Statistical Analyses
To detect differences between groups, analyses were conducted using the t-test or Mann-Whit-
ney U test, Wilcoxon rank-sum test for continuous variables and the Fisher’s exact or χ 2 test
for discrete variables. The Kolmogorov-Smirnov test was applied to test the normal distribu-
tion of all continuous variables. Logistic regression analysis was performed to analyze predic-
tors for AUA development. The threshold for significance was set at P<0.05.

Results

Patient characteristics and clinical response to ustekinumab
A total of 76 ustekinumab-treated patients with psoriasis vulgaris were enrolled in the study.
The demographic data and the baseline characteristics are shown in Table 1. Of the study
cohort, 49 (64.5%) and 33(43.4%) of patients achieved at least PASI50 and 75 responses within
7 months of treatment, respectively, similar to previous findings in clinical practice. [16,24]
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Correlation of anti-ustekinumab antibody levels and their correlation with
therapeutic response
After 13.2 ± 11.8 months (mean ± standard deviation (SD); range: 7–61) of ustekinumab treat-
ment, AUA was measured and detected in 5 patients (6.6%). the AUA titers were 41, 1540, 27, 43
and 39 AU/mL, respectively. Of the 5 patients with positive AUA (AUA+), an 88-year-old male
with a 15-years history of psoriasis vulgaris had the highest AUA titer (1540 AU/ml) after 13
months treatment. He was diagnosed with bullous pemphigoid 6 years after psoriasis presenta-
tion. He responded poorly to methotrexate, acitretin and ultraviolet B phototherapy. After he
failed ustekinumab, he switched to adalimumab and golimumab for 6 and 3 months, respectively.
He failed them both as well and ultimately died of pneumonia one month later. Comparing
AUA+ and patients with negative AUA (AUA-), AUA- patients had higher PASI 50 response
but none of AUA+ patients achieved PASI50 or 75 at 7 months (Table 1). Compared to AUA-
patients, AUA+ patients had lower mean PASI improvement at week 4 (19.7% vs. 39.7%,
p = 0.12), week 16 (16.8% vs. 53.0%, p = 0.02) and week 28 (18.1% vs. 55.7%, p = 0.02).

The association among ustekinumab trough concentration, AUA levels
and clinical response
The median trough level was 0.20 mg/L (interquartile-range (IQR) 0.023–0.4) in all ustekinu-
mab-treated patients. AUA- patients had significantly higher drug trough levels compared
with AUA + patients (median = 0.2 mg/L, IQR 0.065–0.5 mg/L vs. median = 0.01 mg/L, IQR
0.01–0.02 mg/L, p<0.001). Responders had significantly higher serum mean ustekinumab

Table 1. Clinical response and associated characteristics of patients with and without anti-ustekinumab antibody.

Cohort characteristics Patients without AUA
(n = 71)

Patients with AUA
(n = 5)

P-Value All patients
(n = 76)

Clinical features

Age (years), Mean ± SD 45.7±11.5 53.0± 21.1 0.71 46.2±12.2

Gender (Male/Female) 54/17 3/2 0.6 57/19

Body mass index, Mean ± SD 26.4 ± 4.6 30.0 ± 4.1 0.09 26.7 ± 4.6

Smoking, n (%) 30(42.3%) 3(60%) 0.65 33 (43.4%)

Duration of psoriasis (years), Mean ± SD 16.2±7.6 22.2±8.1 0.14 16.6±7.7

PASI at baseline 16.7±9.9 15.9±11.2 0.70 16.7±9.9

Psoriatic arthritis, n (%) 31(43.7%) 1(20%) 0.39 32 (42.1%)

Erythroderma, n (%) 14(19.7%) 0(0%) 0.58 14 (18.4%)

The number of previous biologics used 0.79±0.86 0.60±0.55 0.79 0.78±0.8

The number of previous systemic traditional antipsoriatic therapy
used

2.56±1.24 2.60±1.14 0.95 2.6± 1.2

Treatment pattern

Biologics switching, n (%) 36(50.7%) 3(60%) >0.99 39 (51.3%)

Concomitant methotrexate, n (%) 21(29.6%) 1(20%) >0.99 22 (28.9%)

Dose of concomitant methotrexate (mg), Mean ± SD 12.3± 3.5 15±0 0.46 12.4 ±3.6

Duration of biologics treatment (months) prior to AUA
measurement, Mean ± SD

13.6±12.2 8.8±2.68 0.37 13.2±11.8

Treatment response

>PASI 50 Responder, n (%) 49(69.0%) 0(0%) 0.004* 49 (64.5%)

AUA, anti-ustekinumab antibody; PASI, psoriasis area and severity index

*P<0.05 (in bold).

doi:10.1371/journal.pone.0142930.t001

Immunogenicity of Ustekinumab in Psoriasis

PLOS ONE | DOI:10.1371/journal.pone.0142930 November 13, 2015 4 / 10



concentrations than non-responders (median = 0.3 mg/L, IQR 0.09–0.5 mg/L vs. median = 0.07
mg/L, IQR 0.02–0.3 mg/L, p = 0.03) (Fig 1). In the univariate logistic regression analysis, PASI
improvement at week 28 was significantly associated with the AUA development (OR = 0.97;
p = 0.035). However, due to small sample of AUA+ patients (resulting in large standard error
and wide confidence interval), the influence of drug level, PASI improvement at week 4 and
week 16 on the AUA development did not reach statistically significant levels.

Factors potentially affecting the immunogenicity of ustekinumab
Concomitant methotrexate use was observed in 22 (28.9%) of all ustekinumab-treated patients
with a mean (± SD) dose of 12.4 (±3.5) mg weekly (range: 7.5–15). Twenty-one (29.6%) AUA-
patients and one (20%) AUA+ patient used methotrexate concurrently with ustekinumab.
Therefore, with only one AUA+ patient using methotrexate, the effect of concurrent metho-
trexate on immunogenicity could not be determined (Table 1). Moreover, there were no statis-
tical difference between AUA+ and AUA- patients in the following: the percentage of male
gender, PsA, smoking, PASI at baseline, body mass index, number of previous systemic thera-
pies and duration of ustekinumab treatment. Of the 76 study patients, treatment was inter-
rupted in 18 (23.7%) patients. Loss of health insurance coverage (8/18, 44%) was the most
common cause, followed by time constraints (5/18, 28%), financial constraint (3/18, 17%),
planning for pregnancy (1/18, 6%) and poor treatment response (1/18, 6%). Treatment pattern
in ustekinumab, such as the incidence of treatment interruption and biologics switching, was
comparable in patients with and without AUA (Table 1).

The association between anti-adalimumab antibodies and response
after switching to ustekinumab
Of the 39 switchers, 29 patients had switched from adalimumab to ustekinumab. From the ada-
limumab-to-ustekinumab switchers, 15 patient samples were measured by RIA [5,10,22] to

Fig 1. Ustekinumab trough concentration are shown by responder status and anti-ustekinumab antibody (A) Patients with negative anti-
ustekinumab antibody had significantly higher drug trough levels compared with those with positive anti-ustekinumab antibody. (B)
Nonresponders attained significantly lower ustekinumab trough levels than responders. Responders were defined as 50% reduction in psoriasis area
and severity index (PASI 50) compared to baseline within 7 months of treatment.

doi:10.1371/journal.pone.0142930.g001
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detect AAA prior to ustekinumab initiation. 46.6% (7/15) of the adalimumab-to-ustekinumab
switchers were AAA+. The percentage of AUA formation was similar between AAA+ and
AAA- patients (14.3% vs. 12.5%, p>0.999). However, compared to AAA+ switchers, AAA-
switchers had higher PASI50 (71.4% vs. 37.5%) and PASI75 response (42.9% vs.12.5%) within
7 months of ustekinumab treatment, though difference was not statistically significant
(Table 2).

Discussion
Compared to TNF-α blockers, fewer studies have investigate the immunogenicity of ustekinu-
mab, presumably because it is a relatively newer agent and test kits for AUA and drug level are
not commercially available. Our study showed that a small proportion (6.5%) of psoriasis on
ustekinumab developed AUA in a real clinical setting—similar results have been reported in
pivotal studies (3.8% to 6%) [25,26,27,28,29,30,31,32,33]. In addition, the development of AUA
was associated with low ustekinumab trough concentrations and impaired treatment outcome.

Many of these studies evaluated the association of AUA and adverse events (e.g., injection
site reactions) but not AUA impact on ustekinumab efficacy. Only two studies suggested a pos-
sible association between AUA and reduced clinical response [27,29]. Papp et al. showed 5.4%
of patients from PHOENIX 2 trial developed AUA after 52 weeks of treatment and most of the
AUAs (proportion not specified) were neutralizing. AUA was detected 12.7% (20/158) of PASI
50 responders, compared with 2.0% (12/589) of PASI 75 responders [27]. Tsai et al. reported
that 4.4% (5/113) of patients from PEARL trial developed AUA at week 36 and found that a
lower proportion of patients (60.0%) achieved PASI 75 in the antibody-positive group (n = 5)
compared with 74.5% of patients who were antibody-negative (n = 106) at week 28 [29]. A
recent study summarized the immunogenicity results from three Phase 3 randomized con-
trolled trial (RCT trials with ustekinumab in moderate-to-severe psoriasis (PHOENIX 1,
PHOENIX 2, and ACCEPT)) [34]. The authors showed that overall incidence of AUA was 5%
and the majority (76%) of these AUAs were neutralizing. The titers of AUA were predomi-
nantly low (�1:80) and patients with AUAs tended to have lower serum drug concentrations
and a reduced response to ustekinumab [34].

However, patient characteristics in these (RCT) may not accurately reflect actual clinical
population and therefore the findings may not be completely applicable in real-world clinical
practice. For example, patients with significant co-morbidities are a fact of daily clinical prac-
tice, yet they are typically excluded from psoriasis clinical trials.

Psoriasis patients enrolled in RCTs are not accurate representatives of ustekinumab-treated
psoriasis patients in routine clinical settings [35]. Moreover, treatment interruption, wide vari-
ation in baseline disease severity, switching among biological drugs, and concomitant medica-
tion—common in daily practice and presumably affected the risk of AUA development—are
excluded in clinical trials. Previous studies suggested antibody positivity did not preclude an

Table 2. The immunogenicity and efficacy of ustekinumab in switchers with and without anti-adalimumab antibody.

Switchers with AAA (n = 7) Switchers without AAA (n = 8) p-Value

Antibody to ustekinumab

AUA (+) 1/7 (14.3%) 1/8 (12.5%) >0.99

Clinical response to ustekinumab

>PASI 50 response 3/8 (37.5%) 5/7 (71.4%) 0.32

AAA, anti-adalimumab antibody; AUA, anti-ustekinumab antibody.

doi:10.1371/journal.pone.0142930.t002
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efficacy response [29,34]. In contrast, our study showed patients with AUA had a poor
response to ustekinumab compare to patients without AUA. This discrepancy may be attrib-
uted to different testing methods for AUA, ethnic differences, a real clinical setting and a higher
titer of AUA in our study [10,36].

More data have shown that the use of different ADA assays and timing of sample
collection in relation to drug administration may contribute to variation in ADA detection
[20,22]. Many studies employed ELISA or RIA to measure ADA levels to TNF-α blockers
[25,26,27,30,32,33,37]. Two-site (bridging) ELISA is highly specific and sensitive, but it is
highly susceptible to interference by other drug in the serum that form immune complexes
[37]. In contrast, RIA that we used in this study is a more sensitive than ELISA and less suscep-
tible to drug interference [22]. However, most previous studies are based on ELISA or assays
that lacked explanations of methods used. Moreover, the timing of serum sampling with refer-
ence to the timing of blood draw and ustekinumab administration was not specified in many of
previous reports [28,29,31].

Our study also showed that AAA + switchers had limited response to ustekinumab com-
pared to AAA- switchers, though the difference was not statistically significant, probably due
to the small sample size. Unlike AAA+ switchers who failed to maintain the initial response to
TNF-α blockers due to antibody formation that accelerated drug clearance, it is possible that
TNF is not the main cytokine instigating disease activity in AAA- switchers. Therefore, com-
pared to AAA+ patients, AAA- patients will theoretically have a better response to a drug with
a different mode of action (MOA), e.g., ustekinumab. The results of the current study support
this hypothesis. However, previous research suggested that patients who previously formed
antibodies against first biologics are more likely to develop ADA against the new biopharma-
ceutical [38]. It was also possible that patients who developed AAAs are more likely to develop
AUAs regardless of MOA in the present study. Nevertheless, in this study the rate of AUA for-
mation was similar between switchers with and without AAA. The positive correlation between
ADA to different biologics was not found. Thus, we hypothesized that there are different types
of non-responders with different underlying mechanisms causing non-response, leading to
switch treatment for psoriasis.

Several limitations of our study include the observational cohort design and inadequate sta-
tistical power (<50%) from small sample size of patient with AUA. Also each patient’s blood
sample was collected once during a clinic visit, though the timing of the collection was not uni-
form across all samples. Nevertheless, a prior study has shown that most ADA developed
before week 24 of treatment [39] and the incidence of ADA remained unchanged over time
[34].

Our study explores the clinical utility of AUA detection in daily practice. Since AUA is asso-
ciated with decrease in both clinical response and ustekinumab concentration, it may be a clini-
cal clue and a potential marker for nonresponse or loss of response. However, the finding in
this study was limited by the small sample of AUA+ patients. Additional studies involving a
larger sample size, longer follow-up, and serial sampling is needed to strengthen our conclu-
sion. Apropos of switching biologics, the development of AAA from preceding adalimumab
therapy did not increase the risk of AUA in subsequent ustekinumab therapy, though it did
affect response to ustekinumab. Patients who failed TNF inhibition not due to immunogenic
ADA may benefit from switching to an agent of different MOA, e.g., IL-12/23 antagonist—
indicating that the status of immunogenicity to previous biological treatment might be associ-
ated with the probability of success in subsequent switching. Thus, assessing the immunogenic
status in psoriasis patients treated with ustekinumab may be a rational approach for further
decision-making and might assist in choosing an optimized treatment modality for the individ-
ual patient.
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Supporting Information
S1 File. The details of the methods used to measure anti-ustekinumab antibody and drug
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(DOC)
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