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ABSTRACT

Objective. Monoclonal antibodies are
important in the treatment of rheuma-
toid arthritis (RA). This is the first trial
to monitor the effect of adalimumab
dose escalation in persistently active
RA. The aim of this study was to identify
the response to adalimumab to improve
the basis for making decision in rela-
tion to actual drug capacity in serum.
Methods. The disease activity of RA
patients was assessed with CDAI and
DAS,y before administration of addi-
tional 40 mg adalimumab one week af-
ter standard injection. Serum samples
were analysed using the recoveryELI-
SA technology, a combination of sand-
wich ELISA and competitive assay. The
recoveryELISA measure the concentra-
tions of free TNF-a, drug level, and the
remaining active adalimumab in the
patients’ sera. An adalimumab concen-
tration of 5.0-10.0 g/mL was defined as
the targeted therapeutic window.
Results. Five of 8 patients achieved
moderate EULAR response by dose
escalation. The results of the free
adalimumab and TNF-a neutralisation
measurements allowed a separation of
the cohort (n=17) into three groups.
Group 1 represents 18% of the patients
with free adalimumab level higher 30.0
ug/mL and TNF-a neutralisation above
95%. Group 2 (47%) consists of pa-
tients within the therapeutic window
with balanced free adalimumab and
TNF-a neutralisation values. Group 3
contains 35% of the cohort with low
concentrations of free adalimumab and
lowest remaining TNF-a-neutralisation
capacity. Anti-drug antibodies were de-
tected in four patients but did not pre-
vent response to treatment.
Conclusion. Drug and antigen moni-
toring using recoveryELISA may sup-
port dose decision to avoid unneces-
sary switch in medication or possible
overtreatment.

Introduction

Rheumatoid arthritis (RA) is associ-
ated with chronic inflammation, func-
tional disability, and comorbidity re-
sulting in reduced life expectancy (1,
2). Despite recent advances, even bio-
logical DMARD:s fail to achieve sus-
tained remission in many patients (3,

4). Reasons for inadequate response in-
clude neutralising anti-drug antibodies
(ADA) and sub-therapeutic drug levels
(5, 6). Most of the TNF-a inhibitors are
prescribed at standard doses, irrespec-
tively of body weight, disease state,
and age. Since some RA patients report
intermittent disease activity several
days prior to their next injection and
patients with high levels of free TNF-a
may benefit from an increased dose of
TNF inhibitors, e.g. adalimumab (7), it
is one option to increase the drug level
by additional weekly injection (boost)
before switching the drug.

Since biologics remain cost expensive
and may cause side effects, such dosing
decisions should be studied in more de-
tail, allowing a better estimate of thera-
peutically optimised doses.

The synovial inflammation is largely
tumour necrosis factor- (TNF-a) de-
pendent and treatment with TNF-a in-
hibitors has proved to be efficient in ap-
proximately two-thirds of RA patients.
However, in a substantial proportion
of RA patients, anti- TNF-a treatment
does not lead to a satisfactory clinical
improvement or fail to sustain a clini-
cal response over time

The recoveryELISA as combined sand-
wich ELISA and competitive assay
uses a labelled adalimumab competing
with the therapeutic antibody (adali-
mumab) for the same binding epitope
on TNF-a. This allows the simultane-
ous detection of free TNF-a, free ther-
apeutic antibody and the calculation of
the TNF-o neutralisation capacity in
one test system (8).

The aim of this study was to monitor
drug and antigen levels using the re-
coveryELISA and to evaluate whether
this test may help in clinical decision
making to adjust the adalimumab
dosage.

Patients and methods

Seventeen patients treated with stable
dosing of adalimumab (40 mg biweek-
ly), methotrexate (15 mg weekly) and
steroids (2.5-7.5 mg daily) for more
than 3 months and fulfilling the ACR/
EULAR classification criteria of RA
(9) were consecutively recruited. The
study protocol was approved by the
ethics board of the Medical Associa-
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Table I. Demographics, RA disease parameters, and results of recoveryELISA in the study cohort and the subgroups. (significance levels
*p<0.05; **p<0.01; ***p<0.001 in Fisher’s exact test (categorical data) and #-test (parametric data)).

All Non-Boosted Boosted  Supra-therapeutic = Therapeutic = Sub-therapeutic
n=17 n=9 n=8 ADA-Levels Window ADA-Levels
n=3 ADA-Levels n=6
n=_8

Age (years), mean +SD 57 £ 15 60 + 17 54 + 14 56 + 12 54 = 17 62 = 15
Female sex, (n) % (11) 65% 5) 56% 6) 75% (2) 66% 6) 75% 3) 50%
Body weight (kg), mean +SD 73 + 18 81 + 20* 65 + 11 65 +5 67 + 13 87 + 23
RA duration (years) mean +SD 19 + 16 22 + 15 16 + 16 13 + 10 20 + 19 15 + 13
Adalimumab pre-treatment (months), mean +SD  44.7 + 40.8 52.6 = 39.6 32.8 £ 44.6 533 £ 570 439 + 463 373 = 350
Adalimumab is 2" bDMARD, (n) % (5) 29% 5) 56% 0 2) 67% (1) 13% 2) 33%
Anti-drug-antibody positive, (n) % 4) 24% 3) 33% (1) 13% 2) 67% (1) 13% (1 17%
CDAI baseline, mean =SD 98 + 7.7 4.1 £ 48 *162 £ 4.7 107 = 3.5 106 = 84 83 £92
CDAI day 14, mean +SD 75 + 5.1 4.1 £ 42% *11.3 + 3.1** 73 £ 47 83 + 44 6.5 + 6.8
ESR (mm/h) mean +SD 17 + 16 20 + 17 11 £ 8 31 + 24 11 =+ 8 18 + 29
DAS,; baseline, mean +SD 29 £ 12 2512 35+ 1.1 36 10 29 + 1.3 27 £ 13
DAS,; day 14, mean +SD 26 £ 1.0 23+ 12 29 £ 1.0 29 £ 12 23+ 1.0 27 £ 12
Moderate EULAR response (6) 35% (1) 11% 5) 63% (2) 66% 3) 38% 1 17%
Free adalimumab baseline mean +SD 99 + 10.7 103 £ 114 9.6 + 103 31.7 £ 2.9* 7.1 £ 1.65% 29 + 0.8
Free adalimumab, day 14, mean +SD 10.1 = 10.2 93 x 11.7 106 + 9.6 320 + 2.8% 82 + 24* 26 = 0.6*
Free TNF-a baseline +SD 85 +62 83 £ 56 87 £ 72 1.0 £ 0.0™* 64 £ 1.8 150 + 53"
Free TNF-a day 14 +SD 83 £ 5.7 92 +£53 75 £ 57 1.0 £ 0.0 5.6 £ 1.7 145 + 3.8
TNF-a neutraliation, baseline, mean +SD 915 £ 62 915 £ 5.6 913 £ 7.2 99.0 + O*** 93.6 + 1.8 850 + 5.3%*
TNF-a neutralisation, day 14 mean +SD 92.1 =59 919 =+ 58 925 + 6.2 993 + 0.6™* 944 + 1.7 85.6 + 3.8

tion of Brandenburg. All patients gave
written consent according to the Hel-
sinki declaration.

Clinical Disease Activity Index
(CDALI) and Disease Activity Score-28
(DAS,,) based on erythrocyte sedimen-
tation rate (ESR) (9) were measured at
baseline, day 7 and day 14. DAS,;=2.6
were considered as active RA and im-
provement of >0.6 was defined as mod-
erate EULAR response (10). Patients
with persistent clinical disease activity,
i.e. CDAI score of >10 (summarising
tender/swollen joints, patients and phy-
sicians global assessment), were treat-
ed by an additional injection of 40 mg
adalimumab at day 7 (boost).

To allow a quantification of free adali-
mumab, TNF-a and TNF-o neutrali-
sation capacity serum samples were
prepared as recently described (11,
12). The recoveryELISA (BioTeZ
Berlin-Buch, Germany) was carried
out with different antigen-additions
for one sample; this requires a mul-
tidimensional assay calibration. The
analysis uses a non-linear regression
Marquardt-Levenberg algorithm, the
Michaelis-Menten model for enzyme
kinetics and the Langmuir isotherm for
surface binding. Measurement of anti-
drug autoantibodies (ADA) was carried
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Fig. 1. Free adalimumab concentration (ug/mL) and TNF-o. neutralisation (%) for all patients at
baseline; filled circles indicate RA active patients (DAS28 =2.6); circles indicate RA inactive patients
(DAS28 <2.6); crosses indicate clinical active (CDAI>10) and therefore boosted patients; squares
show anti-drug antibodies (ADA) positive (AU/ml >10) patients.

out by Medizinisches Labor Oldenburg
using IDKmonitor Adalimumab total
ADA Elisa K9651 (Immundiagnostik,
Germany).

Results
In total, 17 RA patients at a mean+SD
age of 57+15 years were studied.

Eleven (65%) of them were female.
The mean disease duration was 19+16
years, and the mean DAS,; at baseline
was 2.9+1.2. Duration of adalimumab
pre-treatment was 45+41 months. For
5 patients, adalimumab was the first
bDMARD, for all other the second
(Table I). Whereas 41% of the patients
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Fig. 2. Percentage of
moderate  EULAR re-
sponse in boosted and
non-boosted  patients
at week 2 compared to
baseline (A).
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were in DAS,; remission, 59% exhib-
ited low or moderate disease activity
with a mean DAS,; of 3.8+0.8. Eight
patients with CDAI>10 were treated
with an additional adalimumab injec-
tion (Table I, Fig. 1).

Boost injections at day 7 led to a 20%
mean decrease of DAS, at day 14
(DAS,; of 3.5£1.0 vs. 2.8+1.0). Seven
of the 8 boosted patients responded
clinically, 5 (61%) reached EULAR
moderate response criteria, while only
1 patient (11%, p=0.026) of the regular-
ly treated group presented a decrease of
DAS,; (Fig. 2A). CDALI of the boosted
patients significantly decreased from
16.2+4.7 to 11.3+£3.1 (p=0.03). When
compared to regularly treated patients,
adalimumab boosted patients were
more often females with lower mean
weight, age and ESR values, but higher
DAS,; scores at baseline (Table I).
The higher the free adalimumab base-
line level, the higher TNF-o neutrali-
sation capacities were found (Fig. 1).
Clinically active patients had lower
baseline levels of free adalimumab and
developed an increase in adalimumab
levels and a reduction of free TNF-a
after the boost (Fig. 2B).

Interestingly, only 47% of the patients
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matched the therapeutic window of
adalimumab concentration (5.0-10.0
pg/mL (5)), whereas 18% of the pa-
tients exceeded this range and 35%
did not achieve the recommended drug
concentration. So the cohort was di-
vided into three subgroups with sub-
therapeutic, supra-therapeutic, and
therapeutic adalimumab levels (Fig. 1).
All groups showed comparable values
in demographics. Interestingly, in the
sub-therapeutic group a trend to higher
mean body weight was found (Table I).
In the group with therapeutic adali-
mumab levels, only 38% (3 out of 8)
of the patients had a DAS,>2.6. Fur-
thermore all of them were boosted and
achieved moderate EULAR response.
In the group with sub-therapeutic drug
levels, all patients with increased free
TNF-o concentrations and consequent-
ly the lowest levels of TNF-a neu-
tralisation were found. Four out of six
patients (67%) had a DAS,;=2.6. Two
of them were selected for boost, one
achieved moderate EULAR response.

In the group with supra-therapeutic
drug levels, all patients had high free
adalimumab >30.0 ug/mL and TNF-a
neutralisation rates >95%. Neverthe-
less, all patients had DAS,, 2.6 (Fig.

1), whereas only one patient was clas-
sified as clinically active. This boosted
patient, as well as another regularly
treated patient, achieved moderate
EULAR response.

ADA were detected in four patients,
of which one was clinically active and
responded partially to boost injection
with a decrease in CDAI (-1.0; 91%
baseline) and DAS28 (-0.3; 85% base-
line). The time of adalimumab pretreat-
ment of these patients was 7 months
(active RA), 6, 7, and 117 months,
respectively. For all, adalimumab was
the first b DMARD.

Discussion

In this proof of concept study, we
aimed to evaluate the recoveryELISA
technology, allowing the simultaneous
detection of free TNF-a free thera-
peutic antibody concentrations, and
TNF-o neutralisation capacity in one
test (8), as potential prognostic labora-
tory markers for adjustment of adali-
mumab dosage decision in patients
with active RA.

Dose adjustments (boost) were decided
by clinical activity (CDAI) leading to
improvement of clinical symptoms
in 7 of 8 patients and significantly
increased rate of moderate EULAR
response (63%) at day 14 (Fig. 2A).
A partial mismatch was obtained be-
tween DAS,; definition and the CDALI.
Of 10 patients with DAS,;=2.6 only
6 were found clinically active with
CDAI>10 and 2 of 8 boosted patients
with CDAI>10 had DAS,;<2.6. Due to
the different components of the DAS,,
score, limited number of analysed
joints, and low specificity of included
ESR, such mismatch is not surprising
and known from daily practice.

The recoveryELISA assessing the free
TNF-a concentration and TNF-a neu-
tralisation capacity gives a more de-
tailed serological picture before and af-
ter therapy adjustments. Based on adal-
imumab serum levels, the test identified
three subgroups of patients: ranging
in therapeutic dosage, under- or over-
treated with adalimumab. Interestingly,
only 47% of patients matched recom-
mended therapeutic levels of adali-
mumab despite using standard dosage.
This confirms recently published data
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(13) where only 52% of the patients
remained in the therapeutic window.
Secondly, the assay yielded concordant
results in three tested parameters: the
patient group with high adalimumab
levels in the supra-therapeutic range
displayed lowest free TNF-a levels and
highest TNF-a neutralisation capacity
while concordantly patients with sub-
therapeutic antibody levels showed
highest free TNF-a levels and lowest
TNF-a neutralisation capacity.

The identification of patients with in-
creased free TNF-o concentration of-
fers additional serological markers for
the rheumatologist to decide for dose
adjustment. Simultaneously, recovery-
ELISA allows monitoring the TNF-a
neutralisation capacity in patient’s sera
during therapy and particularly af-
ter dose adjustment. Additionally, the
higher body weight found in the sub-
therapeutic group might contribute to
low bioavailability of adalimumab,
suggesting that dosage adaption is de-
pendent on patient’s body weight.
Single adalimumab boosts lead to an
increase in adalimumab levels and
TNF-o neutralisation and decrease in
free TNF-a correlating with clinical im-
provement, yet did not reach statistical
significance, nor therapeutic levels in
all patients. Best amount and frequency
of dosage adjustment has to be studied
in future trials. In the supra-therapeutic
group, saturated adalimumab serum
levels were observed. Regularly treated
and boosted patients exhibited moderate
disease responses, suggesting that dis-
ease activity and therapeutic response
might be TNF-o-independent. Thus,
adalimumab boost should be critically
reconsidered, as saturating levels of
adalimumab might be harmful, leading
to immunosuppression, increased risk
of infection (14) and additional costs for
the health care system (13, 15).

Clear limitations of this proof of con-
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cept study include the small number of
patients in the cohort, leading to insuf-
ficient power for subgroup analysis.

Conclusions

The recoveryELISA technology offers
a test system to simultaneously evalu-
ate free TNF-a, serum drug levels and
the neutralisation capacity of the drug,
providing help to decide whether the
drug is present in recommended dos-
age or out of recommended range in
individual patients. This may facilitate
clinical decision-making based on drug
and antigen monitoring by offering po-
tential prognostic laboratory markers
for a dosage adjustment in patients with
active RA while avoiding expendable
and harmful doses that are ineffective.
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