BRIEF PAPER

Ex vivo inhibited cytokine
profiling may explain
inferior treatment
response to golimumab
after adalimumab failure
in rheumatoid arthritis
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ABSTRACT

Objective. Clinical data suggest that
the response of rheumatoid arthritis
patients to treatment with golimumab is
much lower among those who switched
from adalimumab than among those
who switched from etanercept. To eluci-
date the mechanism behind this differ-
ence in response to sequential biologic
treatment, we examined the effect of
TNF inhibitors on ex vivo cytokine pro-
duction profiling.

Methods. In a prospective cohort
study, blood samples were obtained
from patients before the start of a bio-
logic. Peripheral blood mononuclear
cells were pre-incubated for 1 hour
with the therapeutic in vivo concen-
tration of adalimumab, etanercept
or golimumab and stimulated for 24
hours with heat killed Candida albi-
cans or Pam3Cys. Cytokine concen-
trations of IL-1§3, IL-6 and TNF o were
determined by ELISA.

Results. Ex vivo cytokine profiling was
performed in 71 patients. Golimumab,
adalimumab and etanercept signifi-
cantly (p<0.01) decreased Candida
albicans-induced IL-15 and IL-6 pro-
duction and Pam3Cys-induced IL-6
production. In contrast to etanercept,
golimumab and adalimumab decreased
the concentration of TNFa below the
detection limit. Absolute changes in
cytokine levels after inhibition by goli-
mumab or adalimumab were all sig-
nificantly correlated (Spearman rank
r,. 0.52-0.99, p<0.001). These corre-
lations were much lower or non-sig-
nificant between etanercept and either
golimumab or adalimumab.
Conclusion. High similarity between
ex vivo inhibited cytokine profiling by
golimumab and adalimumab, com-
pared to etanercept, may explain the
previously found inferior treatment re-
sponse to golimumab after adalimumab
failure. This suggests that patients who
are non-responsive to adalimumab
should preferably not switch to goli-
mumab and vice versa.

Introduction

Treatment of rheumatoid arthritis (RA)
consists of the introduction of a bio-
logical disease-modifying anti-rheu-
matic drug (-(DMARD) after failure of

a conventional DMARD (csDMARD).
According to the 2013 update of the
EULAR recommendations, no prefer-
ence of one over another bDMARD
should be expressed, because evidence
does not suggest any one bDMARD to
be better than another one when active
disease prevails despite treatment with
the initial bDMARD (1). This implies
that if a first TNF inhibitor (TNFi) has
failed, patients may start with any oth-
er TNFi (adalimumab, certolizumab,
etanercept, golimumab, infliximab) or
a bDMARD with another mode of ac-
tion [abatacept (CTLA4-Ig fusion pro-
tein), rituximab (anti-CD20 monoclo-
nal antibody) or tocilizumab (anti-IL-6
receptor)].

Since the update of the EULAR rec-
ommendations, new data on sequential
bDMARD treatment have been pub-
lished. In the randomised controlled
trial (RCT) GO-AFTER, the efficacy
of golimumab and methotrexate after
prior TNFi use was evaluated. Post-
hoc analyses showed that among 137
RA patients who had received one
prior TNFi (adalimumab, n=33; etaner-
cept, n=47; infliximab, n=57), week
24 ACR20 rates were 30%, 47% and
51% respectively and thus much lower
among those who previously failed on
adalimumab (2). This finding is rel-
evant for clinical practice, because it
seems that RA patients who are non-
responsive to adalimumab should pref-
erably not switch to golimumab and
perhaps vice versa.

Determining the ex vivo effect of a
TNFi on cytokine production (‘inhib-
ited cytokine profiling’) in blood sam-
ples taken before the start of a next
TNFi could be a promising way to
examine the mechanism of action and
possibly chance of response, since it
might closely resemble the actual drug
effect in RA patients. Furthermore, to
our knowledge, TNFi-mediated inhi-
bition of cytokine production has not
been investigated before in RA.
Therefore, the aim of our study was
to compare the ex vivo effect of adali-
mumab, etanercept and golimumab on
multi-cytokine profiles of RA patients
to elucidate the potential reduced clini-
cal response to golimumab after being
treated with adalimumab.
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Fig. 1. Effect of golimumab, adalimumab and etanercept on ex vivo cytokine production.
Data presented as mean + standard error of the mean (SEM). p-values calculated using Wilcoxon signed-rank test. * p<0.01.

Materials and methods

Patients

Blood samples of patients included in
the prospective longitudinal cohort
study BIO-TOP [Biologic Individual
Optimized Treatment Outcome Pre-
diction] were used. In this study, RA
patients >18 years, treated in the Sint
Maartenskliniek (Nijmegen, the Neth-
erlands) who were going to start with
(or switch to) a bDMARD were in-
cluded. The BIO-TOP study was ap-
proved by the local ethics commit-
tee (CMO region Arnhem-Nijmegen,
NL47946.091.14) and a detailed de-
scription is available in the Dutch trial
register (NTR4647) (3).

Ex vivo cytokine profiling assay

At baseline (before start bDMARD),
venous blood was collected into three
10 mL EDTA tubes. Within 24 hours
peripheral blood mononuclear cells
(PBMCs) were isolated by density
gradient centrifugation of PBS diluted
blood (1:1) over Ficoll-Paque, washed
twice with saline and suspended in
culture medium (RPMI 1640 supple-
mented with 2 mM glutamax, 50 ug/mL
gentamicin and 1 mM pyruvate). Cells
were counted in a Coulter counter. Sub-
sequently, 5 x 105 PBMCs in a volume
of 100 pL were pre-incubated in round
bottom 96-well plates for one hour at 37
°C with therapeutic in vivo concentra-
tions of adalimumab, etanercept, goli-
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mumab. Taking into account the differ-
ent half-life times, dosing and treatment
intervals, and therapeutic concentration
ranges of the TNFi’s, the same concen-
tration of 5 pg/mL was added for all
three TNFi (4-7). Nanogam (immuno-
globulin (Ig)G; Sanquin, Amsterdam,
the Netherlands) was used as negative
control. Thereafter, cells were stimu-
lated with RPMI 1640+, Pam3Cys
(a TLR2 agonist) or heat killed Can-
dida albicans (ATCC MYA-3573 (UC
820)). After 24 hours of stimulation,
supernatants were harvested and stored
at -20°C until assayed. Cytokine con-
centrations of IL-1f and TNFa (R&D
Systems, Abingdon, UK) and IL-6
(Sanquin, Amsterdam, the Netherlands)
were determined by ELISA.

Statistics

All analyses were performed with STA-
TA 13 statistical software. Comparisons
between the ex vivo cytokine produc-
tion of stimulated, and stimulated and
TNFi inhibited PBMCs were analysed
with the Wilcoxon signed-rank test.
Statistical significance was considered
when p<0.01. The absolute changes in
cytokine levels after inhibition by each
TNFi were calculated and analysed by
means of Spearman rank correlations
(r). They were interpreted according
to a commonly used classification: T,
<0.20: very weak, r=0.20-0.39: weak,
r,=0.40-0.59: moderate, r=0.60-0.79:

strong and r>0.80: very strong correla-
tion (8).

Results

Patient characteristics

Ex vivo cytokine profiling was per-
formed in 71 patients (66% female,
age (mean+SD): 58+11 years, disease
duration (median [p25-p75]: 6 [2-14]
years). Median number of prior b-
DMARDs was 1 (p25-p75: 0-2). The
bDMARD was started because of ac-
tive disease, represented by the high
DAS28-CRP at baseline (mean+SD):
4.1+1.2.

Ex vivo inhibited cytokine production

The cytokine production of IL-1f, IL-6
and TNFa after inhibition by IgG, goli-
mumab, adalimumab or etanercept and
stimulation with heat killed Candida
albicans or Pam3Cys are depicted in
Figure 1. All RPMI values were below
detection limit, indicating a comparable
baseline quality. Pre-incubation with ei-
ther golimumab, adalimumab or etaner-
cept significantly (p<0.01) decreased
Candida albicans-induced IL-1$ and
IL-6 production and Pam3Cys-induced
IL-6 production. In contrast to etaner-
cept, golimumab and adalimumab de-
creased the concentration of TNFa
below the detection limit. This can be
explained by the specific binding site of
golimumab and adalimumab to TNFa,
which prevents detection of TNFa with
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Fig. 2. Absolute changes in cytokine production after inhibition by golimumab, adalimumab or etanercept. Y-axis represents the log transformed values.

Fig. 3. Spearman
rank correlations of
cytokine profiles.
*all  correlations
p<0.001.
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ELISA. The absolute change in cyto-
kine concentration of IL-1f3 and IL-6
between PBMCs that were only stimu-
lated and PBMCs that were stimulated
and inhibited by golimumab, adali-
mumab or etanercept of each patient is
depicted in Figure 2.
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Correlations of cytokine profiles

The absolute changes in IL-13, IL-6
and TNFa levels after inhibition by
golimumab were significantly (r,=0.52—
0.99, p<0.001) correlated with the ab-
solute changes after inhibition by adali-
mumab. These correlations were much

lower and/or non-significant between
etanercept and either golimumab or
adalimumab (Fig. 3).

Discussion

To our knowledge, this is the first study
in which the ex vivo effect of TNFi’s
on stimulated cytokine production of
RA patients has been investigated. We
have demonstrated that the cytokine
profiles after inhibition by golimum-
ab or adalimumab were moderately
to highly correlated with each other,
while the correlation with the cytokine
profiles after inhibition by etanercept
was lower for both. These data suggest
similar mechanisms for inhibiting the
biological target by golimumab and
adalimumab and may serve as an ex-
planation for the previously found infe-
rior treatment response to golimumab
after adalimumab failure in RA.

Our findings may represent the patho-
physiological link between the known
structural resemblance of golimumab
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and adalimumab and the observed simi-
larity in clinical response. Both goli-
mumab and adalimumab are fully hu-
man IgG1 anti-TNFo monoclonal anti-
bodies and they neutralise soluble and
transmembrane TNFa in the same ex-
tent (9). It might also be that golimumab
and adalimumab bind TNFa at a nearby
epitope. In contrast to golimumab and
adalimumab, etanercept is a soluble di-
meric TNFR2 IgG1-Fc fusion protein
which binds both TNF-and TNFf (8).
In addition to our primary finding, our
results lend support to the concept of us-
ing ex vivo inhibited cytokine profiling
as a test for in vivo efficacy, for example
in predicting treatment response. This is
currently being investigated in the BIO-
TOP study.

An important benefit of ex vivo testing
could be the optimal response of freshly
isolated PBMCs, as it has been demon-
strated that freezing affects PBMC pro-
liferation and cytokine secretion (10).
On the other hand, a possible limitation
of ex vivo testing is the required logistics
to execute each test within 24 hours after
blood collection. Furthermore, a pos-
sible limitation of the test itself as cur-
rently used is the requirement of stimuli
to reduce the risk of floor effects in the
detection of cytokine levels, as this de-
viates from the in vivo pathophysiology.
The finding that all TNFi’s are equal,
but some are more equal than others,
has interesting implications (11). Re-
cently, the ROC trial and the SWITCH-
RA study have demonstrated higher ef-
ficacy of a non-TNFi in comparison to
a second TNFi in patients with insuffi-
cient response to the first TNFi (12, 13).
Based on our results, the inferiority of
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a second TNFi might be due to inferior
responses when switching from adali-
mumab to golimumab and vice versa.
In contrast to the GO-AFTER trial (2),
these two studies have not made a dis-
tinction between the sort of first and
second TNFi and golimumab was not
included in the ROC trial. Therefore,
the hypothesis of different chances of
good response to combinations of first
and second TNFi’s needs confirmation.
In conclusion, the high similarity be-
tween ex vivo inhibition of cytokine
production by golimumab and adali-
mumab may explain the previously
found inferior treatment response to
golimumab after adalimumab failure
in RA. This suggests that RA patients
who are non-responsive to adalimumab
should preferably not switch to goli-
mumab and vice versa. Further research
is needed to validate if ex vivo inhibited
cytokine profiling correlates with clini-
cal response to TNFi’s in RA patients.
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