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Abstract
Objective
To evaluate the association of adalimumab trough levels and anti-adalimumab antibodies with activity of uveitis in juvenile
idiopathic arthritis-related uveitis.

Methods
This was a retrospective observational case series in a clinical setting at the Department of Ophthalmology, Helsinki
University Hospital, Finland in 2014-2016. Thirty-one paediatric patients with chronic anterior juvenile idiopathic
arthritis-related uveitis in 58 eyes and who had been on adalimumab =6 months were eligible for the study. Uveitis activity
during adalimumab treatment, adalimumab trough levels and anti-adalimumab antibody levels were recorded.

Results
Anti-adalimumab antibody levels =12 AU /ml were detected in nine patients (29%). This level of anti-adalimumab
antibodies was associated with a higher grade of uveitis (p<0.001), uveitis that was not in remission (p=0.001) and with
lack of concomitant methotrexate therapy (p=0.043). In patients with anti-adalimumab antibody levels <12 AU/ml, higher
serum trough levels did not associate with better control of uveitis (p=0.86).

Conclusion
Adalimumab treatment might be better guided by monitoring anti-adalimumab antibody formation in treating JIA-related
uveitis.
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Introduction

In chronic anterior juvenile idiopath-
ic arthritis (JIA)-related uveitis, the
likelihood of adverse visual prognosis
increases in a dose-dependent manner
with increasing anterior chamber cell
count, whereas immunomodulatory
therapy reduces the risk of low vision
(1). Remission at 0 cells /1 mm? in
the anterior chamber (Standardisation
of Uveitis Nomenclature, SUN 0) or
no more than 1-5 cells /1 mm? (SUN
0.5+, mild uveitis) should be pursued
to improve the long-term visual out-
come (1, 2). If uveitis is not under
control with corticosteroid and non-
biologic disease-modifying anti-rheu-
matic drug (DMARD) therapy, bio-
logic treatment such as adalimumab
should be considered (3, 4) balancing
the potential benefits against the ab-
sence of long-term safety reports on
treating children with biologic treat-
ment. Tolerability of biologic treat-
ment has been acceptable in patients
with JIA (5).

JIA-related uveitis patients treated with
adalimumab achieve uveitis remission
rates as high as 67% (6). Adalimumab
trough levels of =7-8 ug/ml are re-
ported to be sufficient for JIA patients
(7). Adalimumab serum levels that are
therapeutic when managing JIA-related
uveitis are presently unknown, how-
ever. Immunogenicity of adalimumab,
which leads to anti-adalimumab anti-
body (AAA) formation, is one cause
of treatment failure. Antibody forma-
tion reduces both adalimumab serum
levels and the efficacy of treatment by
increasing adalimumab clearance, by
neutralising the drug effect, or by both
mechanisms (8, 9). AAAs are found in
16-26% of adalimumab treated JIA pa-
tients; less frequently among patients
receiving concomitant methotrexate
(8-12). AAAs have been associated
with low adalimumab trough levels and
more frequent uveitis: 6/8 of paediatric
rheumatic patients had active uveitis
with AAAs =12 AU/ml and 3/17 with-
out them (13).

Our hypothesis was that failure to
maintain remission of uveitis with
adalimumab in paediatric patients with
JIA-related uveitis is associated with
anti-adalimumab antibody formation.

Methods

Patients were eligible for inclusion in
our retrospective case series in a clini-
cal setting if they had chronic anterior
JIA-related uveitis, were 16 years old
or younger and had received regular
adalimumab for =6 months by the time
of serum adalimumab measurements in
2014-2016. Forty-three adalimumab
treated JIA-uveitis patients were identi-
fied in the patient database of the Hel-
sinki University Hospital. Thirty-one
patients fulfilled the eligibility criteria.
The following data were recorded: age
at onset of uveitis, age at onset of JIA
diagnosed by a paediatric rheumatolo-
gist, anti-theumatic medication, uveitis
activity during adalimumab treatment
(14), adalimumab serum trough level
and anti-adalimumab antibody level.
Blood samples for measuring the se-
rum adalimumab trough level were
drawn a maximum of 24 hours before
the next scheduled adalimumab ad-
ministration. The ethics committee of
the Helsinki University Hospital ap-
proved this study and its design com-
plies with the Declaration of Helsinki.
A retrospective study model requires
an ethical evaluation of the study, and
the data are de-identified for analysis,
but no patient consent form is needed.
For statistical analysis, Stata, version
13 (StataCorp) was used. The eye with
higher grade of uveitis was chosen from
patients with bilateral uveitis. Distribu-
tions of continuous variables were com-
pared using Mann-Whitney U-test and
singly ordered contingency tables using
Kruskal-Wallis test. Spearman correla-
tion was used to compare adalimumab
doses, SUN-grades and trough levels.
Non-parametric test for trend was used
to compare continuous variables be-
tween ordered groups (15). Predictors
of AAA >12 AU/ml were modelled by
multiple logistic regression. All tests
were two-sided and p<0.05 was consid-
ered significant.

In our hospital, the starting dose of adal-
imumab in JIA-related uveitis is 24 mg/
m? every other week. If >SUN 0.5+ uve-
itis prevails on adalimumab, the dose is
increased. Maximum single dose is 40
mg. Methotrexate is routinely combined
with adalimumab, but if the patient does
not tolerate methotrexate, it is substitut-
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ed with other DMARDs. Adalimumab
therapy is terminated when it is deemed
inefficient (14) even if adalimumab
trough level is =7 pg/ml. Adalimumab
therapy is terminated also when serum
adalimumab is low (<0.5 pg/ml) and at
the same time AAA level is =12 arbi-
trary units (AU) /ml. If the AAA level is
>12 AU/ml, but the adalimumab trough
level is 20.5 pg/ml, adalimumab dose is
increased and the drug is continued pro-
vided that uveitis activity remains mild
(=SUN 0.5+). When adalimumab thera-
py is discontinued because of treatment
failure another biologic drug is chosen
for patients with more active uveitis.

Results

Adalimumab serum levels and AAA
levels were measured in 31 paediat-
ric patients with JIA-related uveitis
(58 eyes with uveitis; Table I). No
adalimumab-related adverse effects
occurred among these patients during
the study period. Remission of uveitis
was achieved and maintained in 15 pa-
tients, 9 patients had mild uveitis and 7
patients had at least one eye with more
active uveitis while on adalimumab.
AAA levels =12 AU/ml were found in
9 patients (29%; 95% CI, 12-46) after
a median of 3.1 years on adalimumab
treatment. AAA levels =12 AU/ml were
associated with higher grade of uvei-
tis (p<0.001, non-parametric test for
trend), low adalimumab trough levels
(p<0.001, Fisher’s exact test), and lack
of methotrexate treatment (p=0.043).
Concomitant methotrexate (mean dose,
13mg; 95% CI, 12-15; range, 7.5-20)
was given to 25 adalimumab treated pa-
tients. Methotrexate had been discon-
tinued before adalimumab treatment in
four patients after liver enzyme eleva-
tions and in two patients with intoler-
able nausea. AAA levels were =12 AU/
ml in 4 of 6 patients without and in 5
of 25 patients with concomitant metho-
trexate (Table I). Higher methotrexate
dose was not associated with either
lower AAA levels (p=0.73, Mann-
Whitney U-test) or activity of uveitis
(p=0.16, Spearman correlation).
Patients with AAA levels =12 AU/ml
were younger at disease presentation
(Table I). In logistic regression analy-
sis, there was an association between
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Table I. Characteristics of the 31 adalimumab treated juvenile idiopathic arthritis-related

uveitis patients.

Anti-adalimumab
antibodies =12 AU/ml

Anti-adalimumab
antibodies <12 AU/ml

(n=9) (n=22)

Median Range Median Range  p-value
Age at onset of uveitis, years 3.1 1.8-5.6 5.6 1.6-142 0.010*
Age at onset of JIA, years 1.9 09-42 38 1.0-140 0.017*
Age at adalimumab measurements, years 9.3 3.7-149 9.8 44-16.8 036"
Duration of adalimumab treatment, years 3.1 0.5-5.2 1.7 0.5-7.3 043*
Adalimumab dose, mg/m?in 2 weeks 26 20-50 25 14-53 0.74*
Adalimumab trough level, pug/ml <00l <001to4.0 94 42-240 <0.001*
SUN 1.0 <05t03 0 0-1 <.001¥
Remission, % 0 68 0.001**
Methotrexate, % 29 91 0.043**

JIA: juvenile idiopathic arthritis; SUN: Standardisation of Uveitis Nomenclature; *Mann-Whitney U;

¥ non-parametric test for trend; **Fisher’s exact test.

Fig. 1.

307 p=o0.0011
A. Adalimumab serum trough —_
levels and adalimumab doses g 25“: Ke)
among patients with <12 AU/ml 2 20
of anti-adalimumab antibodies. — ]
B. Adalimumab serum trough g 15_:
levels and uveitis activity among 3
patients with <12 AU/ml of anti- = 10
adalimumab antibodies. g’ ]
Scatterplot of (A) adalimumab © 51
serum through levels against =
adalimumab dose (Spearman 04 T —————
correlation) and (B) according 0 10 20 30 40 50 60
to Standardisation of Uveitis 2
Nomenclature (SUN) grades A Dose [mg/m©]
(nonparametric test for trend for 30 e
patients with anti-adalimumab = ] . L !
antibody levels of less than 12 £ 297 °
arbitrary units/ml). The line in 2 504 - 8 R
(A) is from linear regression =
with 95% confidence intervals. 2 15 o g
The long bar in (B) is the median 3 T o
and the short bars represent the < 7 %
interquartile range. 2 ] = o = S
E 5‘: o o
0]
T T T T
0 <0.5+ >0.5+ All
B SUN Grade

AAA levels =12 AU/ml and earlier on-
set of JIA (OR 0.50, 95% 0.25-0.99,
p=0.046) and uveitis (OR 0.51, 95% CI
0.28-0.94, p=0.0030) but not between
AAA levels =212 AU/ml and antinuclear
antibodies (ANA) >1:160 (OR 2, 95%
CI 0.38-10.5, p=0.41). AAA level =12
AU/ml was not associated with dura-
tion of adalimumab treatment (p=0.43,
Mann-Whitney U-test) or younger age
(p=0.36) at the adalimumab measure-
ment time.

Patients with AAA levels 212 AU/ml
Seven patients had a low serum adali-

mumab level (median <0.01 pg/ml,
range from <0.01 pg/ml to 0.2 pg/ml)
and their adalimumab therapies were
terminated. Three of them had mild
uveitis and they were continued on
topical corticosteroids, non-biologic
DMARDs, or both with no increase in
uveitis activity during the following 12
months. Four patients had more active
uveitis and were given other TNF in-
hibitors.

One patient with an adalimumab trough
level of 4.0 pg/ml (AAAlevel of 19 AU/
ml) and mild uveitis was given weekly
adalimumab and achieved remission
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with adalimumab trough level of 8.4
pg/ml. One patient with an adalimumab
trough level of 3.4 ug/ml (AAA level
of 62 AU/ml) had mild uveitis until her
treatment was discontinued elsewhere
whereafter the uveitis flared up.

Patients with AAA levels <12 AU/ml
Remission of uveitis was preferentially
observed among patients with AAA
levels <12 AU/ml as compared to high-
er levels (p=0.001, Fisher’s exact test).
Among the 22 patients with AAA levels
<12 AU/ml, adalimumab dose (median,
25 mg/m?; range: 14-53) was associ-
ated with the trough level (p=0.0032
Spearman correlation; Fig 1A). The
median trough level was 94 pg/ml
(range: 4.0-24.0 pg/ml), being 9.3 ug/
ml (range: 4.0-24.0) among those in
remission, 11.0 pg/ml (range: 7.1-21.0)
among those with SUN 0.5+ uveitis and
7.0 and 8.4 g/ml among 2 patients with
a more active uveitis (p=0.86, non-par-
ametric test for trend; Fig 1B). Presence
or absence of methotrexate treatment
was not associated with adalimumab
trough levels (p=0.23, Mann-Whitney
U-test) or activity of uveitis (p=0.63,
non-parametric test for trend). Metho-
trexate dose was not associated with
adalimumab trough levels (p=0.89,
Spearman correlation) or activity of
uveitis (p=0.25, non-parametric test for
trend).

Discussion

Anti-adalimumab antibody levels =12
AU/ml, which were detected in 9 of
our 31 JIA-related uveitis patients,
were associated with higher grade of
uveitis, failure to achieve remission of
uveitis and with lack of concomitant
methotrexate therapy. The association
between methotrexate and AAAs has
been reported earlier (8-12), and AAA
levels =12 AU/ml have been associated
with more frequent uveitis among 25
paediatric rheumatic patients (13).

An association between the adalimum-
ab dose and its trough level was found
among the patients with AAA levels
<12 AU/ml. Adalimumab trough lev-
els did not associate with the activity
of uveitis among patients with AAA
levels <12 AU/ml. We are thus unable
to suggest any threshold for therapeu-
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tic adalimumab trough level to control
JIA-related uveitis.

Younger age at JIA and uveitis presen-
tation was associated with AAA lev-
els =12 AU/ml. To our knowledge, no
other studies on the association of anti-
drug antibodies and age at JIA or uvei-
tis onset have been published to date.
Patients with antinuclear antibody ti-
tres >1:160 were younger at the onset
of JIA and uveitis in our study and in
previous studies (16). Higher pretreat-
ment ANA levels have been shown to
associate with anti-infliximab antibod-
ies in treating psoriasis (17). Increasing
ANA titres can occur during JIA treat-
ment independently of anti-rheumatic
treatment (18). Among our patients, no
association was found between ANA
titres >1:160 at disease presentation
and anti-adalimumab antibodies. Pre-
treatment ANA titres were not meas-
ured, however. More studies are need-
ed to test if younger age at JIA presen-
tation and higher ANA titers associate
with anti-drug antibody formation.
Our results are consistent with the hy-
pothesis that adalimumab treatment
might be better guided by monitoring
AAA formation in patients with JIA-
related uveitis who are 16 years old or
younger. Prospective studies are needed
to test the hypothesis and to determine
a generally applicable therapeutic dose
and trough level of adalimumab in man-
aging patients with JIA-related uveitis.
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