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Objectives:Gonadotropin-releasing hormone (GnRH) stimulates immune responses; therefore, antagonizing GnRHwith
cetrorelix may have anti-inflammatory effects. The aim of this study was to assess short-term cetrorelix therapy in
rheumatoid arthritis (RA) patients.
Method: In this proof-of-concept, randomized, double-blind study involving 99 patients with active, long-standing RA,
48 patients received subcutaneous cetrorelix (5 mg/day on days 1 and 2; 3 mg/day on days 3–5) and 51 received placebo.
The primary end-point was the change in the 28-joint Disease Activity Score based on C-reactive protein (DAS28-CRP)
by day 5, when the greatest GnRH suppression was anticipated. Secondary end-points included the change in tumour
necrosis factor (TNF)-α, and achievement of American College of Rheumatology (ACR) responses andDAS28-CRP< 2.6
by day 5. Patients were followed up on days 10 and 15.
Results: By day 5, DAS28-CRP was non-significantly reduced by 0.82 in the cetrorelix group compared to a 0.57
reduction in the placebo group (p ¼ 0.091), TNF-α (log pg/mL) was significantly reduced in the cetrorelix group
compared with the placebo group [0.55, 95% confidence interval (CI) 0.08–1.01, p ¼ 0.023], and more patients on
cetrorelix achieved ACR20 responses (40% vs. 18%, p ¼ 0.015) and DAS28-CRP < 2.6 (13% vs. 0%, p ¼ 0.009).
Inflammatory markers increased towards baseline levels after withdrawal of treatment. Rates of adverse events were
similar in both groups.
Conclusions:Although there was no significant difference in the primary end-point between groups, antagonizing GnRH
led to significant improvements in key secondary end-points. Thus, GnRH antagonists may have rapid anti-inflammatory
effects in RA, already occurring within 5 days. The data suggest a novel mode of action for TNF-α inhibition in RA, and
potentially in other autoimmune diseases.

Rheumatoid arthritis (RA) may develop, flare, or subside
during hormonal changes in the hypothalamic–pituitary–
gonadal (HPG) axis; for example, during pregnancy,
postpartum, menopause, or aromatase inhibition therapy
(1–3). These observations have prompted research into
the effects of gonadal hormones of the HPG axis, such as
oestrogen and testosterone in RA; but the results have
been inconclusive.
Hypothalamic and pituitary hormones of the HPG axis,

which control gonadal hormones, have not yet been stu-
died in RA. This is surprising, as these hypothalamic and
pituitary hormones are also profoundly involved in preg-
nancy, menopause, and postpartum. Gonadal hormones
in both sexes are stimulated by pituitary luteinizing

hormone (LH) and follicle-stimulating hormone (FSH).
LH and FSH secretion are stimulated by the hypothala-
mic, gonadotropin-releasing hormone (GnRH). GnRH,
LH, and FSH have important physiological roles in both
male and female reproduction. Therefore, these hormones
may be involved in pathological processes in males as
well as females.

In vitro and animal studies in both sexes suggest that
GnRH is secreted not only in the hypothalamus; but also in
peripheral T cells. GnRH interacts with T cells, thus reg-
ulating immune responses (4–6). GnRH may also act
indirectly on the immune system through LH (7) and/or
FSH (8, 9). GnRH agonists have been associated with RA
onset (10) and with polymyositis associated with vasculitis
onset (11), whereas GnRH antagonists have shown anti-
inflammatory effects in vitro and in animal studies (12, 13),
suggesting therapeutic potential in autoimmunity.

We hypothesized that antagonizing GnRH in RA may
have beneficial effects on disease activity compared to
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placebo. In the Antagonist to Gonadotropin-Releasing
Hormone in RA (AGRA)-study, we aimed to investigate
short-termclinical and biochemical effects and the safety of a
GnRH antagonist, cetrorelix (Cetrotide, Aeterna Zentaris,
Frankfurt, Germany), in RA patients. As hypothalamic
reproductive suppression has not been investigated in RA
before, the intervention was limited to a short period.

Method

In this investigator-initiated, proof-of-concept, rando-
mized, double-blind, placebo-controlled, single-centre
study, we enrolled males and females aged � 18 years,
with RA according to the 1987 revised American College
of Rheumatology (ACR) criteria, and with a 28-joint
Disease Activity Score based on C-reactive protein
(DAS28-CRP) > 3.2 (full inclusion/exclusion criteria can
be seen in the online Supplementary Material).

Ethical committee approval was obtained. A blinded
independent committee, the Oslo University Hospital
Data Monitoring Committee, regularly reviewed source
documents against case record forms. Safety and efficacy
visits, with blood sampling, were between 0730 and 0930
h on days 1 (baseline), 2, 3, 4, 5 (visit 5a), 10, and 15.
There was an additional visit (visit 5b) between 1930 and
2130 h when maximum GnRH suppression was antici-
pated. Using computer-generated allocation, patients
were randomly assigned 1:1 to cetrorelix (5 mg/day s.c.
on days 1 and 2, 3 mg/day on days 3�5) or corresponding
volumes of placebo. The cetrorelix doses were chosen to
achieve rapid reductions in GnRH, LH, a surrogate marker
for GnRH, and FSH. TNF-α was measured using multi-
plex technology with a high sensitivity (0.5 pg/mL) assay
(for details see the online Supporting Information).

The predefined primary end-point was the baseline-
adjusted between-group difference in DAS28-CRP by visit

Table 1. Baseline characteristics.*

Cetrorelix (n ¼ 48) Placebo (n ¼ 51)

Demographics
Age (years) 54.9 � 11.4 55.0 � 11.7
Female sex (%) 73 71
Disease duration (years) 11.5 � 10.6 12.0 � 12.9
Anti-CCP antibody positive, n (%) 28 (58) 35 (69)
Current smoker, n (%) 13 (27) 20 (39)

Clinical and laboratory measures
DAS28-CRP 5.0 � 1.0 5.2 � 1.0
CRP (mg/L) 18.9 � 24.5 17.3 � 22.5
ESR (mm/h) 22.0 � 18.3 25.8 � 27.0
TNF-α (pg/mL)† 21.2 � 291 49.6 � 290
LH (IU/L) 20.4 � 16.3 19.6 � 16.3
FSH (IU/L)‡ 36.9 � 30.0 32.9 � 31.1
Cortisol (nmol/L) 392 � 151 401 � 200

Current medication
None, n (%) 11 (23) 12 (24)
Stable NSAIDs, n (%) 9 (19) 14 (27)
Stable prednisolone � 7.5mg, n (%) 24 (50) 22 (43)
Stable DMARDs, n (%) 19 (40) 27 (53)
MTX 16 (33) 17 (33)
LEF 2 (4) 2 (4)
SSZ 0 1 (2)
HCQ 1 (2) 2 (4)
MTX þ SLZ 0 3 (6)
MTX, SSZ, þ HCQ 0 2 (4)

Previous failure to DMARD and biologic therapy§
Previous failure with DMARDs, n (%) 40 (83) 45 (88)
One previous DMARD 13 (27) 13 (25)
Two previous DMARDs 10 (21) 9 (18)
Three or more previous DMARDs 17 (35) 23 (45)

Previous failure with biologics, n (%) 21 (44) 23 (45)
One previous biologic 9 (19) 9 (18)
Two previous biologics 6 (13) 3 (6)
Three or more previous biologics 6 (13) 11 (22)

CCP, Cyclic citrullinated peptide; DAS28-CRP, 28-joint Disease Activity Score calculated with C-reactive protein levels;
ESR, erythrocyte sedimentation rate; TNF-α, tumour necrosis factor-α; LH, luteinizing hormone; FSH, follicle-stimulating hormone;
NSAID, non-steroidal anti-inflammatory drug; DMARD, disease-modifying anti-rheumatic drug; MTX, methotrexate; SSZ, sulfasalazine;
HCQ, hydroxychloroquine; LEF, leflunomide.
* Values are given as mean � standard deviation unless otherwise indicated.
† Data are median (IQR), based on detectable TNF-α values > 0.5 pg/mL; n ¼ 21 (cetrorelix), n ¼ 30 (placebo).
‡ Based on detectable FSH values < 256 IU/L; n ¼ 48 (cetrorelix), n ¼ 50 (placebo).
§ Previous failure includes inefficacy or intolerability.
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5b. Predefined secondary end-points included the baseline-
adjustedbetween-groupdifference inTNF-α,ACR20/50/70
responses, European League Against Rheumatism
(EULAR) responses, DAS28-CRP < 2.6 and � 3.2, and
adverse events. Continuous end-points were assessed with
regression using day 5 as the response variable, and treat-
ment and baseline measurement as covariates (ANCOVA).

No adjustments for multiple analyses were made because of
the highly correlated variables. Statistical tests were two-
sided (α ¼ 0.05) using Stat12/StatXact9, and performed by
an offsite statistician who received the locked database from
the blinded investigators, and the allocation key from the
offsite central office (further statistics are provided in the
online Supporting Information).
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Figure 1. (A) Efficacy variables by day 5. Change from baseline in the cetrorelix and placebo groups for (B) tumour necrosis factor-α (TNF-α),
(C) luteinizing hormone (LH) and (D) C-reactive protein (CRP). (E) Scatterplot of relative change of LH and TNF-α from baseline to day 5 in the
cetrorelix and placebo groups. On both axes, 1.0 denotes no change. On the left side of the vertical line are patients whose levels of TNF-α decreased, and
on the right side are patients whose levels of TNF-α increased.
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Results

The predefined intent-to-treat population comprised 99
patients who received at least one dose of cetrorelix (n ¼
48) or placebo (n ¼ 51) (see online Supplementary
Figure). Patients’ baseline characteristics were similar
between groups (Table 1).
DAS28-CRP reduction by day 5 was non-significantly

greater in the cetrorelix group (0.82) compared with pla-
cebo (0.57) [between-group difference 0.26, 95% confi-
dence interval (CI) –0.04 to 0.57, p ¼ 0.091]. More
patients achieved DAS28-CRP < 2.6 (13% vs. 0%, p ¼
0.009) and ACR20 responses (40% vs. 18%; p ¼ 0.015)
by day 5 in the cetrorelix group compared with placebo.
More patients reached ACR50/70 responses in the cetror-
elix group, although the numbers were too small for valid
conclusions (Figure 1A).
Baseline TNF-α levels were comparable with other

studies. Fifty-one of the 99 patients had detectable
levels of TNF-α > 0.5 pg/mL. TNF-α (log pg/mL)
reduction was greater in the cetrorelix group (–0.58)
than in the placebo group (–0.02) by day 5 (between-
group difference 0.55, 95% CI 0.08–1.01, p ¼ 0.023)
(Figure 1B). TNF-α percentage change from baseline
was also significantly reduced in the cetrorelix group
compared with placebo by day 5 (–28.2% vs. 11.1%,
p ¼ 0.0028).
There was a significant correlation between the relative

changes in both TNF-α and LH, a surrogate marker for
GnRH, from baseline to day 5 [rho¼ 0.48, p< 0.001, n¼
51 (both groups included). Relative changes between
TNF-α and LH from baseline to day 5 are illustrated in
Figure 1E. There were weaker associations between rela-
tive changes in TNF-α and FSH, and TNF-α and oestra-
diol, but none between TNF-α and testosterone, or TNF-α
and cortisol]. These findings were supported by a signifi-
cant correlation between relative changes in DAS28-CRP

and LH (p ¼ 0.045), but not with FSH, oestradiol, testos-
terone, or cortisol (Table 2).

Non-significant reductions of CRP (day 5, p ¼ 0.060,
Figure 1D) followed by erythrocyte sedimentation rate
(ESR) (day 15, p¼ 0.051) were observed in the cetrorelix
group compared to placebo.

Cortisol changes were not significantly different
between groups by day 5 (p ¼ 0.80). In the cetrorelix
group, DAS28-CRP reduction did not differ between pre-
dnisolone users (n¼ 24) and non-users (n¼ 24) (p¼ 0.40).

LH, FSH, and inflammatory markers generally
increased towards baseline levels after withdrawal of
treatment; however, CRP levels remained lowered by
day 15. (Figures 1B–1D).

Adverse events arose at similar frequencies in both
groups (see online Supplementary Table).

Discussion

It is possible that our study did not have enough power to
show a significant reduction in the primary end-point,
DAS28-CRP. However, significant improvements in
key secondary end-points, representing important disease
activity markers, suggest that pathways targeted by
GnRH could be beneficial in inflammatory disease. Our
data indicate that these pathways may involve TNF-α as a
key molecule. As TNF-α inhibition is a common mode of
action in RA therapy, antagonizing GnRH may have
substantial therapeutic potential.

It is noteworthy that our study detected significant
results, despite being a proof-of-concept trial with rela-
tively few patients and a substantial proportion of them
having long-standing therapy-resistant RA.

GnRH antagonists are used in other indications with a
good safety profile over longer periods, and we did not
observe any serious side-effects in this study.

Table 2. Correlations of relative changes from baseline to day 5 in TNF-α and hormones, and in DAS28-CRP and hormones.

Variables* n Spearman’s rho p-value

TNF-α† and hormones
Relative change in TNF-α related to relative change in LH 51 0.48 0.0004
Relative change in TNF-α related to relative change in FSH‡ 50 0.30 0.034
Relative change in TNF-α related to relative change in oestradiol 51 0.30 0.035
Relative change in TNF-α related to relative change in testosterone 51 0.22 0.12
Relative change in TNF-α related to relative change in cortisol 51 –0.12 0.40

DAS28-CRP and hormones
Relative change in DAS28-CRP related to relative change in LH 99 0.20 0.045
Relative change in DAS28-CRP related to relative change in FSH‡ 98 0.13 0.22
Relative change in DAS28-CRP related to relative change in oestradiol 99 0.01 0.94
Relative change in DAS28-CRP related to relative change in testosterone 99 < 0.01 0.98
Relative change in DAS28-CRP related to relative change in cortisol 99 0.10 0.32

TNF-α, Tumour necrosis factor-α; DAS28-CRP, 28-joint Disease Activity Score calculated with C-reactive protein levels; LH, luteinizing
hormone; FSH, follicle-stimulating hormone.
* Relative change calculated as the change by day 5 divided by the baseline level.
† Based on detectable TNF-α values > 0.5 pg/mL; n ¼ 21 (cetrorelix), n ¼ 30 (placebo).
‡ Based on detectable FSH values < 256 IU/L; n ¼ 48 (cetrorelix), n ¼ 50 (placebo).
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The observed changes in disease activity and TNF-α
may be due to direct cellular effects of GnRH, or indirect
effects through other hormones. Although the exact
mechanisms are unknown, the highly significant associa-
tion between changes in LH, a surrogate marker for
GnRH, and TNF-α suggests there is a close relationship
between endocrinological and immunological respon-
siveness to GnRH.
A plausible mechanism for TNF-α inhibition and anti-

inflammatory effects in our studymay be through the direct
effects of GnRH on T cells, through binding of GnRH to its
receptor on T cells. Human peripheral T cells can secrete
GnRH, which acts upon these T cells in a cytokine-like
way, stimulating T-cell proliferation and maturation (4–6).
A second mechanism may be through the effects of GnRH
on B cells. GnRH administration led to increased immuno-
globulinG levels in diabetes-prone rats (14). Few data exist
on the effects of GnRH on other immune cells. Indirect
mechanisms include LH reduction, as LH itself stimulates
T-cell proliferation (7), or FSH reduction, as FSH stimu-
lates macrophage TNF-α production (8).
Our findings do not indicate that cetrorelix ameliorates

disease activity by effects on cortisol or oestradiol.
Increased risk of presenting symptoms of RA and flares
of disease activity are associated with the postpartum
period, menopause, and aromatase inhibitor therapy (2,
3), when LH and FSH increase. By contrast, RA ameli-
oration is associated with pregnancy and fasting (1, 15),
when LH and FSH decrease. Our findings support the
notion these relationships may be related to changes in
upstream hormones (GnRH, LH, or FSH) of the HPG axis
rather than downstream gonadal hormones. This is also
supported by our previous study, which showed that
changes in disease activity and key cytokines, such as
TNF-α, were significantly associated with changes in LH
and FSH (but not with oestradiol, testosterone, prolactin,
or cortisol) in RA (9). Women have more frequent and
more substantial HPG axis fluctuations than men, which
may contribute to an explanation of why RA is more
frequent and severe in women than men.
The rapid offset observed was expected because of the

short half-life of cetrorelix. This suggests that the effects
of GnRH in RA are short-lived and reversible.
This study was not designed to assess long-term effi-

cacy. The short duration of the study and the relatively
small sample size might have led to an underestimation of
the effects of cetrorelix. Despite these limitations, the
study has generated important data. A larger, longer,
and dose-ranging study is now feasible. Similar trends
were observed for several parameters, suggesting that
cetrorelix has an anti-inflammatory effect in RA. Our
study was strengthened by its double-blind, placebo-
controlled design with central randomization, with no
significant baseline differences between groups, and pre-
defined end-points. Exclusion criteria and missing values
were few, providing good generalizability of the results.

These results justify research on the effects of GnRH
and GnRH antagonism on immune system regulation,
specific blockade of immunologically active GnRH, and
gender- or disease-specific immune responsiveness to
upstream HPG hormones,

In summary, antagonizing GnRH may represent a
novel mode of action for TNF-α inhibition with rapid
anti-inflammatory effects in RA, and potentially in other
autoimmune diseases.
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