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Background: Adalimumab taken every other week is an effective treatment in
patients with chronic refractory uveitis. Patients who have a suboptimal response
to this treatment may suffer from recurrent inflammation and vision loss. Here,
we investigated the use of therapeutic drug monitoring and neutralizing anti-
drug antibody detection as a strategy to optimize tumor necrosis factor (TNF)-
alpha inhibitor treatment in patients who have a suboptimal response to the initial
dosing of adalimumab.

Method: Retrospective cohort study performed in two tertiary referral uveitis
services in the United States between 2015 to 2023. Patients with non-infectious
uveitis who had a suboptimal response to every two-week dosing of adalimumab
and underwent serum adalimumab level with reflex to anti-drug antibody testing
were followed. Patients were considered to have neutralizing drug antibodies
when serum drug levels were low (less than or equal to 6 mcg/mL) and anti-
adalimumab antibodies were present on reflex testing. Treatment adjustment
was made by clinicians with the knowledge of serum adalimumab level and the
presence or absence of neutralizing drug antibodies. Every two-week dosing of
adalimumab was either escalated to weekly dosing or switched to infliximab, an
alternate TNF-alpha inhibitor, based on these findings. The primary outcome was
success or failure at 12 months, as determined by disease inactivity on steroid-
sparing therapy.

Results: 32 patients with suboptimal response to the initial dosing of adalimumab
were included. 31.2% (n=10) of patients were found to have neutralizing drug
antibodies. All patients with neutralizing drug antibodies underwent a medication
switch to infliximab with a remission rate of 40% at 12 months. Patients without
neutralizing drug antibodies (n=22) underwent dose escalation (77.3%; n=17) or
medication switch (22.7%; n=5) and achieved a remission rate of 68.2% at 12
months. Altogether, treatment adjustment based on therapeutic drug monitoring
and neutralizing drug antibody detection, in our cohort, resulted in a remission
rate of 62.5%.
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Conclusions: For patients with uveitis experiencing suboptimal therapeutic
response to adalimumab dosed every two weeks, therapeutic drug monitoring
and neutralizing drug antibody detection may help clinicians optimize TNF-alpha

inhibitor treatment.

therapeutic drug monitoring, anti-drug antibodies, TNF-alpha inhibitors, uveitis,
adalimumab, infliximab, neutralizing anti-drug antibody

1 Introduction

Non-infectious uveitis is characterized by inflammation of the
intraocular uveal tract. This disease is responsible for 10% of
blindness in the United States and disproportionately affects
working-aged people, making it a significant cause of vision-
related disability (1). Non-infectious uveitis can be classified by
anatomic involvement: anterior uveitis, scleritis, intermediate
uveitis, posterior uveitis, and pan-uveitis (2). The main causes
of vision loss associated with non-infectious uveitis are
the development of cystoid macular edema, glaucoma, and
cataracts (3).

The primary objective of therapy is to reduce intraocular
inflammation to prevent disease progression and restore visual
function. Corticosteroids, either local or systemic, are commonly
used as the first-line treatment in the acute setting (4). However,
prolonged use of local steroids is linked to the development of
glaucoma and secondary cataracts (4, 5). Systemic steroids also have
side effects including diabetes mellitus, osteoporosis, and increased
infection risks. For persistent or severe uveitis, current steroid-
sparing therapies focus on targeting specific immunologic
pathways. One of these pathways is the tumor-necrosis-factor-
alpha (TNF-alpha) pathway. The TNF-alpha pathway is a pro-
inflammatory pathway triggered by the binding of TNF-alpha
cytokine to the TNF-alpha receptor (6). TNF-alpha inhibitors
(TNFi), including adalimumab, etanercept, golimumab, and
certolizumab, are biologics that bind to TNF-alpha, block the
ligation of TNF receptors, and inhibit its downstream cascade (6, 7).

The FDA approved the use of adalimumab for non-infectious
intermediate, posterior, or panuveitis (NIPPU) uveitis in 2016. TNFi
are now a mainstay of treatment in patients with chronic refractory
uveitis. Adalimumab taken every other week has been shown to lower
the risk of uveitis recurrences and visual impairment compared to
placebo (8-11). This regimen is effective for approximately 70% of
patients with non-infectious uveitis (10, 11). However, a substantial
number of patients have a suboptimal response, defined as a partial
response or loss of response. One important contributor to suboptimal
response is the formation of anti-drug antibodies (ADA), which are
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antibodies produced by the immune system directed toward the
biological drug (12). It is hypothesized that ADA binds to target
drugs, causing increased drug clearance and neutralization, thereby
leading to reduced drug levels (12). Many studies have shown that the
formation of ADA has been associated with decreased serum drug
levels, loss of therapeutic response, and higher recurrence rate in the
treatment of chronic inflammatory diseases such as inflammatory
bowel disease, rheumatoid arthritis, psoriasis, and chronic refractory
uveitis (13-21). Studies have also shown that patients who developed
ADAs to a certain TNFi have improved responses from switching to
another alternative TNFi (22-24).

Therapeutic drug monitoring (TDM) and ADA detection are
strategies clinicians use to measure serum drug concentrations to
optimize treatment. Most studies evaluating the efficacy of TDM are
found in the gastroenterology and rheumatology literature. In
chronic inflammatory diseases such as inflammatory bowel
disease and rheumatoid arthritis, TDM of adalimumab trough
levels to guide treatment adjustments can improve clinical
outcomes and be cost-effective, especially in recurrent or
persistent inflammation (25, 26). The use of TDM in treating
chronic refractory uveitis has not been the standard of practice,
and the literature on the efficacy of TDM in this group of patients is
limited. Sejournet et al. and Bellur et al. have shown that uveitis
patients who are non-responders to adalimumab are significantly
more likely to have low serum adalimumab levels and the presence
of ADA (17, 18). Sejournet et al. have proposed an algorithm for
reactive TDM and ADA detection in patients with suboptimal
response to adalimumab similar to the strategy used in
gastroenterology, rheumatology, and dermatology (17). The
clinical utility and efficacy of this algorithm in chronic refractory
uveitis patients have yet to be fully elucidated.

Considering this background, this study sought to 1) examine
the efficacy of using TDM and neutralizing ADA detection to guide
treatment decisions, 2) compare the remission rates in patients with
and without neutralizing drug antibodies in 12 months, and 3)
evaluate the prevalence of neutralizing drug antibodies in uveitis
patients who have a suboptimal response to the initial dose
of adalimumab.
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2 Methods
2.1 Study design

This study involved human research and was approved by the
Institutional Review Board at the Human Research Protection
Office (HRPO) of Washington University in St. Louis and by the
Colorado Multiple Institutional Review Board. All work
conformed to the tenets of the Declaration of Helsinki. A
retrospective chart review of adult and pediatric patients with
non-infectious uveitis who underwent adalimumab drug-level
testing due to suboptimal response to initial dosing of
adalimumab was conducted between 2015 and 2023. Inclusion
criteria were 1) a clinical diagnosis of non-infectious uveitis, 2)
suboptimal response to adalimumab 40mg dosed every two weeks,
and 3) undergoing serum adalimumab level with reflex to ADA
testing. Suboptimal response was determined by a uveitis-trained
specialist based on active uveitis according to the Standardization
of Uveitis Nomenclature II (SUN II) criteria (27). Patients who
were lost to follow-up before 12 months were excluded.

Patients underwent adalimumab drug-level testing by enzyme-
linked immunosorbent assay (ELISA). In patients with low
adalimumab levels, defined as less than or equal to 6 mcg/mL,
reflex testing of ADA was obtained. When adalimumab
concentrations are greater than 6 mcg/mL, clinically relevant
antibodies to adalimumab are unlikely and reflex testing was not
performed. Patients with low adalimumab levels and the presence of
ADA are considered to have neutralizing ADA. Patients are
presumed to have no neutralizing ADA if they have an adequate
adalimumab level, defined by greater than 6 mcg/mL, or a low
adalimumab level, but reflex ADA testing is negative. The clinician
used serum adalimumab level and the presence or absence of
neutralizing ADA to make clinical decisions regarding
treatment adjustments.

Charts were reviewed for patient characteristics, including age,
sex, and body-mass index (BMI). Uveitis was classified as anterior
uveitis, scleritis, and noninfectious intermediate, posterior, or pan-
uveitis (NIIPPU). Treatment data were collected, such as duration
of treatment, serum drug level, anti-drug antibodies (if reflex testing
was done), therapy changes, concomitant immune suppression, use
of topical steroids, and use of intraocular or periocular
steroid implants.

Patients were followed every three to four months. The end-
point was success or failure at 12 months. Whether uveitis was
active or inactive was determined by the clinician based on clinical
exam, optical coherence tomography, and fluorescein angiography.
Success was determined by 1) inactive or minimally active non-
infectious anterior, intermediate, posterior, or panuveitis, as defined
by SUN II criteria as < 0.5+ anterior chamber cells, < 0.5+ vitreous
haze grade, and no active retinal/choroidal lesions for a minimum
of 4 weeks, and 2) on steroid-sparing therapy, which was defined
by no more than prednisone 7.5 mg daily, topical prednisolone
1% two times daily, topical difluprednate 0.05% once daily, and/
or four months or more since last intraocular or periocular
steroid implantation.
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2.2 Statistical analysis

Continuous variables were summarized as median (IQR) and
mean and compared using Wilcoxon two-sample test. Discrete
variables were compared using the chi-squared test and Fisher’s
exact test. All statistical tests were two-tailed. P values less than 0.05
were considered to be statistically significant.

3 Results
3.1 Baseline patient characteristics

A total of 32 patients with at least 12 months follow-up who either
only partially responded or experienced secondary failure to 40mg
adalimumab every two weeks underwent serum adalimumab with
reflex to ADA measurements. The demographics, characteristics, and
outcomes of all the patients are listed in Table 1 and summarized
separately by the presence and absence of neutralizing ADA in Table 2.

The ages in our cohort ranged from 12 to 76 and the mean age was
not significantly different between patients with and without
neutralizing ADAs. Sex was predominantly female and not
significantly different in both groups. NIIPPU was the most common
diagnosis of uveitis in both groups. The time to failure of every two-
week dosing of adalimumab ranged from 2 months to 52 months and
the mean was not statistically different between the two groups. In the
neutralizing ADA group, 70.0% of patients were on concomitant
antimetabolite therapy, compared to 77.3% in the group without
neutralizing ADA. There was no statistically significant difference
(p=0.68) in concomitant antimetabolite use between the two groups.

3.2 Prevalence of neutralizing antibody in
patients with suboptimal response
to adalimumab

Of the 32 patients who had a suboptimal response to
adalimumab, 10 patients (31.2%) potentially had neutralizing
ADAs, defined as low adalimumab levels (less than 8/mL) and
positive ADA on reflex testing. The mean serum adalimumab level
in patients with neutralizing ADA was 2.0 + 2.3 mcg/mL.

22 (68.8%) patients were presumed to have no neutralizing
ADAs. Of these, only 2 patients had low adalimumab levels (less
than or equal to 6 mcg/mL), but reflex ADA testing was negative. All
the remaining 20 patients had adequate adalimumab levels therefore
reflex ADA testing was not obtained. The mean serum adalimumab
level in patients without neutralizing ADA was 13.7 + 6.6 mcg/mL.

3.3 Neutralizing antibodies and
therapy changes

Therapy changes (dose escalation or medication switch) were

determined by the clinician based on the knowledge of the serum
adalimumab level and the presence or absence of neutralizing ADA.
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TABLE 1 Patient demographics, characteristics, and result of therapy.

Patient Age Sex BMI Diagnosis | Time (years) since Time Concomitant Drug level Success/
Number  (years) initial diagnosis (months) antimetabolite (mcg/mL) failure at
to failure 12 months

1 12 female 16.8 AU 2.9 523 yes 4.1 success

2 49 Male 24.3 NIIPPU 22 7.1 yes 1.5 success

3 40 female 36.7 NIIPPU 6.7 9.9 no undetectable success

g 4 19 female 18.0 AU 1.0 39.0 no undetectable success

E’ 5 41 Female 29.4 S 0.1 4.6 no undetectable failure
N

E 6 36 female 385 NIIPPU 8.7 39 yes 24 failure

5 7 58 female 424 NIIPPU 39 38.3 yes undetectable failure

8 39 Male 30.6 NITPPU 0.4 6.6 yes 1.4 failure

9 30 Male 30.4 NIIPPU 0.6 7.3 yes 6.0 failure

10 44 female 31.2 NIIPPU 0.6 9.2 yes 5.0 failure

11 59 Female 22.1 NIIPPU 1.7 14.8 yes 19.6 success

12 47 female 299 NIIPPU 0.9 3.8 yes 9.8 success

13 37 Male 29.0 NIIPPU 21.0 31.0 yes 23.7 success

14 39 Female 28.7 AU 9.7 16.3 yes 15.0 failure

15 35 Male 30.0 AU 11.0 38.0 no 19.1 success

16 69 Female 241 NIIPPU 12 3.6 no 19.7 success

17 32 male 474 NIIPPU 0.4 23.0 yes 8.6 success

18 29 female 28.6 NIIPPU 6.3 16.1 no 9.0 success

<°t 19 76 male 28.9 NIIPPU 0.2 12.0 yes 10.1 success

E» 20 24 female 284 AU 16.5 135 yes 20.0 success

% 21 62 female 31.3 NIIPPU 143 24.1 yes 0.8 success
E-]

é 22 61 female 40.3 NIIPPU 0.0 15.8 yes 6.8 success

E 23 59 female 48.8 NIIPPU 1.3 7.1 yes 6.4 success
=

2 24 33 female 15.6 AU 1.2 46.1 no 18.0 success

25 22 Male 20.0 NIIPPU 1.0 35.0 yes 23.2 success

26 36 Male 34.0 NIIPPU 0.0 50.0 yes 11.0 success

27 69 Female 24.8 NIIPPU 1.2 2.0 no 11.0 success

28 75 Female 27.1 NIIPPU 5.5 12.2 yes 18.4 failure

29 71 Female 30.2 NIIPPU 12 4.0 yes 13.0 failure

30 62 female 23.7 NIIPPU 33 5.3 yes 225 failure

31 51 female 23.1 NIIPPU 33 9.3 yes 10.9 failure

32 34 female 53.4 NIIPPU 10 18.6 yes 39 failure

AU, Anterior Uveitis; S, Scleritis; NIIPPU, Non-Infectious Intermediate, Posterior, or Panuveitis.

All 10 patients who developed neutralizing ADAs underwent  dosing. Five patients (22.7%) switched to infliximab. The reasons
medication switch to infliximab. None of the patients with  for switching included insurance preference (2 patients), flare of
neutralizing ADAs underwent dose escalation in adalimumab. another systemic rheumatologic disease on adalimumab (1 patient),

Of the 22 patients who did not have neutralizing ADA, 17  and adalimumab failure despite high serum adalimumab levels
patients (77.2%) underwent escalation to weekly adalimumab (2 patients).
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TABLE 2 Comparison of predictors for patients without and with
neutralizing drug antibodies.

With Without
g neutralizin neutralizin
Predictors ADA 9 ADA g
(No. = 10) (No. = 22)

Sex, No.: ‘
Female 7 (70%) 16 (73%) 1.0
Male 3 (30%) 6 (27%)
NIPPU Dx, No.: ‘
No 3 (30%) 4 (18%) 0.65*
Yes 7 (70%) 18 (82%)
Concomitant
therapy, No.:

No 3 (30%) 5 (23%) 0.68*

Yes 7 (70%) 17 (77%)
Age, mean = SD 36.8 £ 13.5 492 +17.6
median (IQR) 39.5 (14.4) 49.0 (28.8) 0.13F
min, max 12.2,57.8 22.0, 76.0
BMI, mean + SD 29.8 + 8.3 304 +94
median (IQR) 30.5 (12.3) 28.8 (7.1) 0.58+
min, max 16.8, 42.4 15.6, 53.4

Analysis tests the null hypothesis that the predictor is not significantly different for patients
without compared to with neutralizing drug antibodies.

ADA, anti-drug antibodies; IQR, interquartile range; NA, not applicable; No,. number of
participants; SD, standard deviation.

*P-value by Fisher’s exact test.

P-value by normal approximation Wilcoxon two-sample test.

10.3389/fopht.2025.1432935

3.4 Therapy changes and remission rate

Altogether, treatment adjustment based on TDM achieved a
success rate of 62.5% in patients who previously had suboptimal
response to adalimumab.

Of the 22 patients who did not have neutralizing ADA, 17
patients underwent escalation to weekly adalimumab dosing
(Figure 1). Of the patients who underwent dose escalation, 12
(70.6%) successfully achieved remission at 12 months, and 5
(29.4%) failed therapy. Five patients switched to infliximab
despite adequate adalimumab levels. Of these, three patients
(60.0%) succeeded, while two (40.0%) failed.

Of the 10 patients who developed neutralizing ADAs and
underwent medication switch to infliximab, four (40.0%) achieved
remission, and six (60.0%) failed.

The presence of neutralizing antibodies was not significantly
associated with failure/success (p=0.24 by Fisher’s exact test). Of the
13 failures, six (46%) had neutralizing antibodies and seven (54%)
did not. Of the 19 successes, four (21%) had neutralizing antibodies
and 15 (79%) did not. The odds ratio of treatment success was 3.09
for patients without neutralizing ADA compared to patients with
neutralizing ADA, though this was not statistically significant
(p = 0.26).

3.5 Patient demographics and disease
characteristics as predictors for
remission rate

Neither sex, age, BMI, NIPPU diagnosis, years since initial
diagnosis, nor concomitant immunosuppression had a statistically

Unsuccessful on adalimumab every 2 weeks

n=33

Adalimumab levels above
threshold (>6.0 meg/mL)
n=21

Increase adalimumab

Adalimumab levels below
threshold (<6.0 mcg/mL)
n=12

e e Switch to infliximab ADA- ADA+
e n=5 n=2 n=10
Increase Switch to
adalimumab infliximab
Success Fail Success Fail dose to weekly
n=12 n=4 n=3 n=
Success Fail Success Fail
n=1 n=1 n=4 =6

FIGURE 1
Therapy changes based on therapeutic drug monitoring and anti-drug antibody detection. ADA, Anti-drug antibodies.
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TABLE 3 Separately for patients without and with neutralizing drug antibodies, a comparison of predictors for patients who failed and did not fail.
Analysis tests the null hypothesis that the predictor is not significantly different for patients who failed compared to success.

Predictor Group = With Neutralizing Drug Antibodies Group = Without Neutralizing Drug Antibodies
(No. = 10) (No. = 22)
Failed Success p-value Failed Success p-value
(No. = 6) (No. = 4) (No. =7) (No. = 15)
Sex, No.:
Female 4 3 1.0* 6 10 0.62*
Male 2 1 1 5
NIPPU Dx, No.:
No 1 2 0.50* 2 2 0.56*
Yes 5 2 5 13
Concomitant
therapy, No.:
No 1 2 0.50* 1 4 1.0*
Yes 5 2 6 11
Age, mean + SD 414+94 30.0 + 17.3 0.46+ 525+ 17.2 47.6 + 182 0401
median (IQR) 40.2 (8.8) 29.3 (28.8) 51.2 (35.6) 46.8 (29.7)
min, max 30.1, 57.8 12.2,49.2 33.5,75.0 22.0, 76.0
BMI, mean * SD 338 + 5.4 23.9+9.1 0.111 30.9 + 10.3 302+ 9.3 1.0F
median (IQR) 309 (8.1) 212 (13.1) 28.7 (6.5) 289 (9.9)
min, max 294, 42.4 16.8, 36.7 23.1, 53.4 15.6, 48.8
Years since 0.52+
initial diagnosis:
mean + SD 24+34 32+24 0.341 6.3 %39 4546912
median (IQR) 0.6 (3.5) 25(3.2) 55(6.7) 1.2, 11.0 (5.9) 0,21.0
min, max 0.1, 8.7 1.0, 6.7
Dosing:
Increased Dose 0 0 NA 5 12 1.0*
Switch TNFi 6 4 2 3

IQR, interquartile range; NA, not applicable; No., number of participants; SD, standard deviation.

*P-value by Fisher’s exact test.
P-value by normal approximation Wilcoxon two-sample test.

significant association with remission rates, either in patients with
or without neutralizing ADA (Table 3).

4 Discussion
4.1 Study findings

The formation of ADA to TNFi can neutralize the drug’s ability
to block the interaction between TNF and its receptor, reducing the

efficacy of the drug, which may lead to partial response or loss of
response. ADA can be neutralizing or non-neutralizing.

Frontiers in Ophthalmology

Neutralizing ADA’s are associated with low serum drug levels
and are clinically significant (12, 28). In our study, neutralizing
ADA was defined by low serum adalimumab levels along with the
presence of ADA on reflex testing in patients for whom treatment
was ineffective. We found that 31.2% of patients who had
suboptimal responses to adalimumab had neutralizing ADA. In
comparison, other studies have reported the formation of ADAs
ranging from 2.7% to 35.7% (8, 18, 20). Patients with adequate
serum adalimumab levels did not undergo reflex ADA testing.
Presumably, if ADA were present in these patients, they were
either transient or non-neutralizing and therefore clinically
insignificant (28, 29).
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In our study, clinicians made treatment adjustments based on
TDM and the presence of neutralizing ADA. Patients were more
likely to undergo dose escalation if they did not have neutralizing
ADA. Patients who had neutralizing ADA were transitioned to an
alternate TNFi. This is a standard practice pattern employed by
gastroenterologists in the treatment of inflammatory bowel disease
with biologics (30-32). The rationale is that a threshold serum drug
level is required to achieve a therapeutic response and that the
presence of neutralizing ADA would bind to the target drug and
render any escalation in dose ineffective (12). In our study,
infliximab, an alternate TNFi was chosen. Previous studies
demonstrated that anti-adalimumab antibodies are restricted to
the adalimumab idiotype and do not alter the inhibitory effect of
infliximab (12). Our study found that for the 10 patients who
developed neutralizing ADAs and underwent medication switch to
infliximab, four (40.0%) achieved remission, and six (60.0%) failed.
Switching to infliximab may not lead to remission for several
reasons including patient demographics and disease
characteristics, which we are unable to investigate given the small
sample of patients but may be a future area of exploration. Patients
may have developed anti-infliximab antibodies. Other steroid-
sparing options for patients who have developed ADA and failed
infliximab include switching to alternate biologics, intraocular
corticosteroids, or combination therapy with other medications
such as anti-metabolites.

In patients who had a suboptimal response to the initial every
two-week dosing of adalimumab, our study demonstrated that
treatment adjustment guided by TDM and neutralizing ADA
detection achieved a success rate of 62.5% in 12 months. Another
study reported that TDM led to an improvement in response in 87%
of uveitis patients who are non-responders (17). In contrast, several
retrospective cohort studies evaluating the escalation to weekly
adalimumab without TDM found success rates ranging from 56%
to 66.6% (33-35). A larger randomized controlled study is needed
to determine whether using TDM and neutralizing ADA detection
in uveitis improves outcomes.

TDM has already been routinely used to guide treatment in the
fields of rheumatology, gastroenterology, and dermatology in
patients on TNFi (30-32). Our study further explores the use of
TDM as a potential tool in patients with chronic refractory uveitis
to help clinicians optimize treatment using TNFi. For patients
without neutralizing ADA, we suggest escalating the dose of
adalimumab first if the patient can tolerate treatment (33-35).
For patients with neutralizing ADA, we recommend switching to
an alternative TNFi or biologic.

In patients on TNFi monotherapy, clinicians may also
consider adding concomitant immunosuppression therapy such
as disease-modifying anti-rheumatic drugs (DMARDs). Although
our study did not show a statistically significant difference in
concomitant immunosuppression and the presence of
neutralizing ADA, some prior studies have shown reduced rates
of ADA formation and improved treatment outcomes (20, 37,36,
37). Given prior studies suggesting possible benefits of DMARDs,
it might emerge as predictive in larger studies. We also
recommend further larger prospective trials on the effects of
concomitant immunosuppression therapy.
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4.2 Limitations and future directions

The current study is limited by its retrospective and
observational nature. It is also limited by a smaller sample size,
which may limit validity and generalizability. A larger randomized
control trial is warranted. Additionally, repeat serum level testing
may provide more insight as to whether dose escalation results in
higher serum levels and improves clinical response. In patients who
were switched to infliximab, measuring serum infliximab levels and
detection of neutralizing ANA to infliximab will also help
determine whether patients who developed neutralizing ANA to
one biologic agent are more likely to develop neutralizing ANA
to another.

4.3 Conclusion

In summary, TDM and neutralizing ADA detection is a
promising strategy to guide treatment modifications in patients
who have a suboptimal response to the initial every two-week
dosing of adalimumab, a larger prospective randomized trial
is warranted.
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