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Abstract
Background
Etanercept (Enbrel®) induces a rapid and sustained decline in disease activity in the majority of patients with

refractory juvenile idiopathic arthritis (JIA). For unknown reasons, however, a number of JIA patients fail to respond

to this therapy. During this treatment neutralisation of tumour necrosis factor (TNF, previously termed TNFa) and

lymphotoxin (LT, previously termed TNFB) may be mediated by etanercept itself aswell as by naturally occurring
soluble TNF receptors. In light of this, it was of interest to study the total TNF neutralizing capacity in plasma before

and during treatment with etaner cept.

Results
Ininitial experiments plasma samples from healthy individual s wer e incubated with etanercept, and spiked with
TNF or LTto afinal concentration of 1000 pg/mL. Detection of TNF and LT by ELISA was found to be reduced by
approximately 50% and 80% respectively, at a concentration of etanercept of 5-500 ng/mL, which is close to the
pharmacological plasma concentrations.

Plasma samples (n = 80) were then collected from 12 JI A patients (5 with pauciarticular, 5 with polyarticular and
2 with the systemic onset type) during treatment with etanercept (0.4 mg/kg twice weekly) for a period of 20.8
(15.6-23.9) months (median, range). The plasma samples were spiked with LT, and the inhibition of LT detection in
ELISA was measured. In samples obtained 3 months after the start of etanercept, the inhibition of LT detection was
augmented [ 72% (60-85)] compared with pre-treatment samples [ 16% (0-32)] (p = 0.0039). These findings were
confirmed in binding assays using radiolabelled TNF. Among patients who responded insufficiently to therapy,
reduced LT binding capacity, coinciding with flares of disease activity, was observed.

Conclusion
We have devel oped an assay by which LT binding capacity, reflecting the level of free, pharmacologically active
etanercept, may be monitored in the blood of patients treated with etanercept. This assay may prove to be useful
in guiding dose adjustments in patients with an incompl ete response to etanercept.
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Introduction

Tumour necrosis factor (TNF) is
thought to play a mgjor role in the per-
petuation of the chronic inflammatory
processes associated with rheumatoid
arthritis (RA) and juvenile idiopathic
arthritis (JJA) (1-3). TNF induces the
release of matrix metalloproteinases,
induces the expression of endothelial
adhesion molecules involved in the
migration of leucocytes to extravascu-
lar sites of inflammation, and it stimu-
lates the release of other proinflamma-
tory cytokines. TNF concentrations are
increased in plasma and synovial fluid
in both RA and JA, and TNF is ex-
pressed in the synovial tissue of in-
flamed joints (2).

Lymphotoxin (LT, previously termed
TNFb) is a closely related cytokine
which binds to the same receptors as
TNF. In contrast to TNF, the role of LT
inJA and RA is not well defined, but
the cytokine has been found in the syn-
ovia tissue of diseased joints in JA
(4). The plasmalevelsof LT are gener-
aly low and frequently not measurable
in arthritis patients (Mdller et al.: un-
published data).

The effects of both TNF and LT are
mediated through binding to two dis-
tinct cell-surface TNF receptors (TNFR),
designated p55 (type |) and p75 (type
I1). Soluble, truncated versions of
membrane TNFR (STNFR), consisting
of only the extracellular ligand-binding
domains, are thought to function as nat-
ura inhibitors of both TNF and LT
activity (5, 6). These STNFR have been
found at elevated levels in the plasma
and joint fluid of JA and RA patients
with active disease, and in the culture
supernatants of blood mononuclear
cells from these patients and from
patients with a number of other inflam-
matory diseases (7, 8).

A recombinant human TNFR p75-Fc
1gG fusion protein, etanercept (Enbrel®,
Immunex, Seattle, USA) has been dev -
eloped for the therapeutic neutralisa-
tion of TNF. By binding excess TNF
and LT, etanercept blocks the inter-
action between these mediators and the
cell surface receptors, thereby inhibit-
ing the biologic effects of both TNF
and LT. The efficacy of etanercept in
binding TNF is approximately 1000-
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fold greater than that of the p75 recep-
tor (9). Etanercept induces a rapid and
sustained decline in disease activity in
the majority of JA patients, including
patients not responsive to other second-
line drugs such as methotrexate. How-
ever, in some patients the response is
variable, and a few patients are non-re-
sponders, particularly those with sys-
temic onset JJA(10-12).

To increase our understanding of the
variability in the response to etaner-
cept, we monitored the total TNF- and
LT binding capacities (TNFBC and
LTBC) in the blood of JIApatients dur-
ing treatment with etanercept.

Materials and methods

Patients

Twelve patients (1 male and 11 females)
with J Aaccording to the Durban crite-
ria (13) and treated with etanercept en-
tered the study. Their mean age (range)
was 11.8 years (4-16) and the mean
(range) disease duration was 7.3 years
(1-13). Seven had polyarticular onset
disease, 2 had systemic onset JA, and
3 had extended pauciarticular JA. Pre-
vious medical treatments included
methotrexate (MTX) (n=12), sulphos-
alazine (n=10), prednisolone (n=12),
cyclosporine A (CyA) (n=11), hydrox-
ychloroquine (n=7), myocrisin (n=8),
dimethylcysteine (n=2), azathiophrine
(n=4), and nonsteroidal anti-inflamma-
tory drugs (n=12). Up until one month
before commencement on etanercept
10 patients were treated with MTX at a
mean (range) dosage of 13.6 mg/m?/
week (6.6 — 26.6), 1 was treated with sul-
phasalazine (1.5 g/day), 8 were treated
with CyA at a mean (range) dosage of
103 mg/day (75-200), and 12 with
prednisolone at a mean (range) dosage
of 0.17 mg/kg/day (0.06 —0.6).

Clinical parameters

The patients were assessed before the
start of etanercept and approximately
every third month during treatment.
The following clinical parameters were
recorded: number of active joints (show-
ing at least two of the following signs:
pain on passive movement, tenderness,
increased temperature, limited motion),
childhood health assessment question-
naire (CHAQ); the pain score and the
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patient’s/parents’ global assessment
were graded on a visual analogue scale
with the maximum at 100 mm. At the
same time the erythrocyte sedimenta
tion rate (ESR), C-reactive protein
(CRP) and a full blood count were car-
ried out (14).

Plasma samples

EDTA blood was centrifuged within 10
minutes after collection, and the plas-
ma was frozen at — 80°C.

ELISAfor TNF and LT

TNF and LT were measured by a dou-
ble sandwich ELISA using monospe-
cific polyclona rabbit antibodies to
purified recombinant cytokines as de-
tailed in reference 15. Briefly, immuno-
Maxisorp plates (Nunc, Roskilde, Den-
mark) were coated with protein-A
affinity-purified 1gG. Non-attached
sites were blocked with 1% human ser-
um abumin in phosphate-buffered sa
line (PBS). The assays were calibrated
with the international standards for the
respective cytokines (Nationa Institute
for Biological Standards and Controls
(NIBSC), Potters Bar, Hertfordshire,
UK). Biotinylated rabbit antibodies
were used as the detecting antibodies
aong with streptavidin-peroxidase (Kir-
kegaard and Perry La., Gaithersburg,
MD, USA). Development was carried
out with 1,2-phenylenediamine dihy-
drochloride and measured at 492 nm.
The inter- and intra-assay coefficients
of variation for the concentration range
between 15 pg/mL and 1 ng/mL were
less than 15%. The sensitivity limits of
these ELISAswere 10 — 30 pg/mL.

TNF and LT binding capacities
(TNFBC and LTBC)

Plasma samples from healthy individu-
als were incubated with seria dilutions
of etanercept (0-500 ng/mL) in micro-
titer plates (Nunc), and spiked to afinal
concentration of 1000 pg/mL with na-
tive human TNF generated from alipo-
polysaccharide stimulated whole blood
culture, or recombinant LT (NIBSC).
After incubation for 2h at 20°C, the lev-
els of TNF and LT were measured by
ELISA.

Plasma samples from JIApatients were
diluted seriadly in 0.1 M PBS, supple-
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mented with 6% PEG, 0.05% Tween
20, 2% mannitol, 1% non-fat dry milk,
1% goat serum, 1% rabbit serum, and
1% sheep serum, and LT was added to
a final concentration of 1000 pg/mL.
After incubation for 2 hours at 20°C,
LT levels were measured by ELISA.
LTBC was expressed as the percentage
value of bound LT to added LT: [(1000
— LT measured)/1000] x 100. The inter-
assay variation was 7%.

RIA for plasma TNFBC

Undiluted plasma samples, 100 mi,
were each incubated with 100 m 2]-
TNF (Amersham Pharamcia Biotech,
Buckinghamshire, UK), 20,000 to
30,000 cpm, for 3 hours at 37°C.
Bound and free tracer were separated
on PD-10 columns (Amersham Phar-
macia Biotech, Horsholm, Denmark),
containing 1 ml Protein G Sepharose 4
Fast Flow (Amersham Pharmacia). The
running buffer was 0.1 M PBS, pH 7.4
and bound material was eluted with 0.1
M glycine/HCI, pH 2.7. The TNF bind-
ing capacity (in percent) in plasmawas
calculated as (CpMyouna/ CPMigra) X 100.

ELISAfor sSTNFRI

STNFR | was measured by ELISA(R &
D) according to the instructions of the
manufacturer. This assay measures the
total amount of free receptor plus the
total amount of receptor bound to TNF.

Satigtical analysis

Differences between paired and unpair-
ed samples were evaluated using the
Wilcoxon and the Mann-Whitney tests,
respectively. Correlations were tested us-
ing the Spearman correlation. The level
of significance was chosen to be 5%.
This study was approved by the region-
al ethics committee.

Results

Clinical data

The patients were followed for a medi-
an of 20.8 (15.6-23.9) months (range)
and generally responded well to etaner-
cept as indicated by a steady, gradual
declinein the CHAQ score, parent/ pa-
tient global assessment and active joint
count (Fig. 1). Likewise, immediate
and significant reductions in the ESR
and CRP were observed, although both
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parameters tended to increase again
about 9 months after start of the treat-
ment (Fig.1). This increase was how-
ever isolated to the 9-month observa
tion time point, as subsequent evalua-
tions showed that these parameters
continued to be low. One patient stop-
ped treatment due to stable remission
during the course of the study.

At the end of the observation period, 7
patients received prednisolone, mean
dose (range) 0.09 mg/kg/day (0.04 —
0.2), and 4 patients received metho-
trexate, mean dose (range) 11.2 (7.1 —
19.2) mg/m?/week.

LTBC

The ability of etanercept to interfere
with the detection of TNF and LT was
evaluated in plasma samples from
healthy individuals incubated with eta-
nercept and spiked with TNF and LT,
respectively. The mean (range) level of
inhibition induced by etanercept reach-
ed plateaus of 48% (34-60) (n=4) (for
TNF) and 81% (69-96) (n=3) (for LT),
respectively, at etanercept concentra
tion ranges of 10-500 and 5-100 ng/
mL, which isjust below pharmacol ogi-
cal plasmalevels.

LTBC was measured in plasma sam-
ples from JIA patients obtained before
and during treatment with etanercept.
LT was added to the samples and the
recovery of immunoreactive LT was
measured by ELISA.

Figure 2Ashows the dilution curves for
a single patient and Figure 2B shows
data for al the patients at 40, 200 and
1000 times dilution of the plasma sam-
ples. Some degree of interference with
LT detection was observed before the
start of etanercept. However, a pro-
nounced increase in the inhibition of
LT was seen after the start of treatment
with etanercept, reaching a plateau at
40-200 times dilution. Below this pla-
teau (1000 times dilution), at the steep
part of the curve, a considerable degree
of variability in LTBC was observed
with a mean intra-individual variation
coefficient of 27% (range 8-102) in
patients studied longitudinaly and an
inter-individual variation coefficient of
30% (11-44).

Measurement of TNFBC in plasma
samples from JA patients using RIA
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showed a similar increase in TNFBC
following treatment with etanercept
(pre-etanercept: mean 8% (range 4 —
14); after 3 months of treatment: 70%
(61-78) (p = 0.0156) (Fig. 3).

Figure 4 illustrates an example of a
patient who responded well to treat-
ment with etanercept; she stopped
treatment after the induction of stable
remission. The LTBC (1000 timesdilu-
tion) reached fairly constant levels dur-
ing treatment and then declined below
measurable levels after the termination
of etanercept therapy.

Some patients responded incompletely
to etanercept, and among those de-
creasing LTBC values were found to
coincide with flares (Figs. 5 and 6).

STNFRI

The level of STNFR | was determined
by ELISA in samples obtained before
the start of treatment with etanercept.
The mean (range) level of STNFR I:
2304 pg/mL (1385-3142) was higher
in patients than in age-matched con-
trols: 742 pg/mL (378-1125), p <
0.0001, n=9. The LTBC correlated with
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borderline significance with that of
STNFR I: r=0.57, p=0.0883. STNFR |
levels were not reduced significantly
during the first 6 months of etanercept
treatment (data not shown).

Discussion

Etanercept has been introduced for
therapeutic neutralisation of TNF/LT in
patients with various immunoinflam-
matory diseases, including JIA, and it
isroutinely given subcutaneously twice
weekly. This regimen usually resultsin
rather stable plasma concentrations of
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Fig. 1. Means of disease activity parametersin patients with juvenile idiopathic arthritis before and during treatment with etanercept. Barsillustrate standard
deviations. (A) number of active joints; (B) CHAQ; (C) Childreng/parents global assessment; (D) pain score; (E) CRP; (F) ESR. The p values refer to the
comparison of pre-treatment values of disease activity with the values obtained at each time point after the initiation of treatment with etanercept.
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Fig. 2. Plasma samples from patients with JIAtaken before and during treatment with etanercept were
serially diluted and incubated with LT to a final concentration of 1000 pg/mL. LT was detected by
ELISA(mean of triplicate runs). (A) Dilution curves from a single patient. (B) Data from all included
patients (n = 12). Mean of interference with detection of LT expressed in percentages at 40, 200 and
1000 times dilution (see text).
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Fig. 3. TNFBC and LTBC in plasma before and during treatment with etanercept. Plasma samples
from patients with JIA, taken before (D) and during (e ) treatment with etanercept, and LTBC and
TNFBC were detected by ELISAand RIA, respectively.
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200-500 ng/mL (16). However, inflam-
mation induced and maintained by the
TNF/LT system of cytokines and cy-
tokine receptors is likely to be dynam-
ic, with a highly variable production/
release of the agonists TNF and LT, and
of the two known antagonists STNFR |
and sTNFR |1, reflecting at least in part
the clinical state of inflammatory activ-
ity (2, 5, 6). Asaconsequence the level
of free, pharmacologically active etan-
ercept may be expected to fluctuate in
parallel with the fluctuationsin the pro-
duction of endogenous TNF modula-
tors, despite a stable molar concentra-
tion of the drug. Since the clinical
response to etanercept varies consider-
ably, and since littleis known about the
factors influencing the pharmacologi-
cal potential of etanercept in individual
patients, we found it of interest to gath-
er information of the TNFBC and
LTBC before and during treatment with
etanercept.

In the initial experiments, we found
that etanercept interfered with the
detection by ELISA of both LT and
TNF. However a plateau of inhibition
was reached beyond which no further
inhibition could be obtained. This may
indicate that our ELI1SAs are capable of
partially detecting LT/TNF molecules
bound by etanercept. Since the inhibi-
tion of TNF was less pronounced than
that of LT, and since only TNF has been
found at significant levels in the plas-
ma of patients with JA, we chose to
base our interference-ELISA assay on
the use of LT for spiking experiments.
At baseline, before the start of etaner-
cept, we observed some reduction in
the detection of exogenous LT in the
majority of patients. This finding most
likely represents the presence of inter-
fering substances in the plasma, includ-
ing STNFR I, which was elevated in the
patients and tended to correlate with
the LTBC, athough this did not reach
significance.

After the start of treatment with etaner-
cept, a pronounced increase in the
LTBC was observed, consistent with
the observation of a clear reduction in
several parameters of disease activity.
The mean LTBC was remarkably high,
with a plateau at the 40-200 times dilu-
tion of the plasma sample. Due to the
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Fig. 4. Clinical and laboratory
data on a girl with polyarticular
onset JIA. This patient respond-
ed well to the treatment, as indi-
cated by declines in severa
parameters of disease activity.
Stable LTBC were noted during
treatment with etanercept. Due
to a stable remission, treatment
was terminated and this was fol -
lowed by adeclinein LT binding
to below the detection limit.
Interference with the detection
of LT is expressed in percent-
ages (see text). AU: arbitrary
units. LTBC is shown aong the
left x-axis, and the other parame-
tersalong theright.
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Fig. 5. Dataon agirl with sys-
temic onset JIA. Initially, she
responded well to etanercept and
as a consequence the concomi-
tant therapy with prednisolone
was tapered from 0.57 mg/kg/
day to 0.25 mg/kg/day. During
this period, the LTBC reached
levels of about 80%. At about
day 300 after the start of etaner-
cept she had aflare with spiking
fever up to 40°C, joint pain and
general malaise. Prednisolone
was increased to 0.5 mg/kg/day
and MTX 10 mg/m?week was
administered together with pred-
nisolone pulse treatment. There
was amarked decrease in LTBC
during this period of flare. Inter-
ference with the detection of LT
is expressed in percentages.
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Fig. 6. Dataon agirl with poly-
articular onset JJAwho was treat-
ed with a combination of MTX,
CyA and prednisolone 0.06 mg/
kg/day until the start of etaner-
cept. She responded initialy with
less pain, an increasing functional
level and less severe arthritis.
Consequently, prednisolone was
tapered off within the first 3
months of etanercept treatment.
Following this, however, an
increased number of active joints
and progression in erosions were
seen in severd joints. After an
initia increasein LTBC, the lev-
els decreased to very low levels
for the rest of the observation
period; this coincided with an
increased number of activejoints.
Interference with the detection of
LTis expressed in percentages.

plateau, this part of the dilution curve
did not allow acorrect evaluation of the
variations in LT hinding. However, at
the steep part of the dilution curve,

located at 1000 times dilution, consid-  of arthritic joints are needed for obvi-
erable intra- and inter-individual varia=  ous reasons. However, LTBC in in-
tions were observed. flamed tissues may be significantly
Studies of LTBC in the synovial fluid lower than that observed in plasma, and
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the variability in LTBC seen at the
1,000 times dilution of the plasma sam-
ples may therefore be of pharmacologi-
cal relevance. In accordance with this
thesis, among patients who responded
less well to the treatment, we observed
reduced LTBC in the 1000 times dilut-
ed sample, and this coincided with per-
iods of increased disease activity.
Whether the decline in LTBC during
flares is the cause or a result of the
increased disease activity is, however,
unclear. Increased production of TNF
and LT may reduce the level of un-
bound, biologically active etanercept.
Alternatively, an atered distribution or
metabolism of etanercept may lead to
lower plasma LTBC, causing insuffi-
cient TNF antagonism and thereby
increased disease activity.

The possibility of the induction of spe-
cific antibodies to etanercept must also
be considered. This explanation is,
however, less likely since these anti-
bodies are observed in very few pa
tients (approximately 1-2%) and they
do not appear to affect either the bind-
ing activity of etanercept or its thera-
peutic effect (17). The possibility of
insufficient patient compliance cannot
be ruled out. In any case, however, a
decline in LTBC seen during a flare
would indicate that the dosage of etan-
ercept should be re-evaluated and pos-
sibly increased.

About 70% of RA patients have been
found to respond to a standard dose of

Etanercept treatment in JIA/ S. Gudbrandsdottir et al.

etanercept, and a number of the re-
maining patients have been shown to
respond to an increased dosage of etan-
ercept (10,18). Studies in JA and in
RA patients are in progress to evaluate
to what degree monitoring LTBC dur-
ing treatment with etanercept may help
to guide dosage adjustments.
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