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ABSTRACT
Tumor necrosis factor (TNF) is a pro-inflammatory cytokine and its overexpression has been implicated in 
the pathophysiology of several chronic immune-mediated inflammatory diseases. Biological therapies, 
like TNF inhibitors, have been revolutionizing the course of these disorders. Golimumab is a transgenic 
anti-TNF monoclonal antibody that acts primarily by targeting and neutralizing TNF, thus preventing 
inflammation. It is approved for the treatment of Rheumatoid Arthritis, Psoriatic Arthritis, Ankylosing 
Spondylitis, Nonradiographic axial Spondyloarthritis, Juvenile Idiopathic Arthritis, and Ulcerative Colitis. 
Clinical trials are also being conducted in other conditions. This review charts the clinical development of 
golimumab and outlines the data that support its potential use across several Immune-mediated inflam
matory diseases.
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Introduction

Chronic immune-mediated inflammatory diseases are respon
sible for loss of quality of life, disability, and incur substantial 
costs to patients and society.1 Thus, there has been a great 
investment in the development of effective therapies for these 
diseases.

The inflammatory cytokine tumor necrosis factor (TNF) 
is a pleiotropic cytokine that is produced by activated macro
phages, T lymphocytes, monocytes, neutrophils, mast cells, 
endothelial cells, fibroblasts, and osteoclasts. It has been 
identified as a master pro-inflammatory cytokine and over
expression of TNF has been implicated in several chronic 
immune-mediated inflammatory disorders. It stimulates the 
production of other pro-inflammatory cytokines such as 
interleukin (IL) 1 and IL-6, chemokines, adhesion molecules, 
nitric oxide, and prostaglandins. In addition, it activates 
neutrophils and eosinophils, increases endothelial layer per
meability, and interferes with the intestinal barrier 
function.2 TNF promotes angiogenesis, influences tissue 
remodeling and activates osteoclasts, leading to focal joint 
erosions and skeletal osteoporosis. It has broad effects on the 
modulation of the immune system and induction of immune 
cell apoptosis and directly mediates pain, fever and 
cachexia.3

There are two forms of TNF: a soluble cytokine, sTNF (17 
kDa), and a transmembrane TNF (tmTNF), a 26 kDa protein. The 
first results from the cleavage of tmTNF by a metalloproteinase, 
TNF-converting enzyme. Both forms can bind to TNF receptor 1 
(TNFR1) or TNFR2.4

According to the metabolic state of the cell, sTNF and 
tmTNF receptor-mediated effects can lead to activation of 
nuclear factor-κB (NF-kB) or to apoptosis. Although TNFR1 

signaling pathways are better characterized, TNFR2 appears to 
have both shared and opposing effects to TNFR1 and may be 
actively involved in the pathogenesis of inflammatory diseases. 
It also seems to be the preferential receptor for tmTNF.5

Different TNF inhibitors (TNFi) act in one or both forms of 
TNF and exert several effects besides TNF neutralization.6,7 In 
fact, several studies in mice and humans suggest that TNF 
blockade has the potential to augment regulatory T cell 
(Treg) numbers and function. For instance, Nguyen et al8 

demonstrated that adalimumab promoted the interaction 
between tmTNF on monocytes and TNFR2 on Tregs in 
Rheumatoid Arthritis (RA) patients, resulting in the expansion 
of functional Foxp3-positive Tregs. In addition, TNFi modu
late the expression of adhesion proteins, such as E-selectin, 
intercellular adhesion molecule-1 (ICAM-1) and vascular cell 
adhesion molecule-1 (VCAM-1). Finally, TNFi promote apop
tosis by blocking TNFR signaling and thereby NF-kB activa
tion and transcription of survival signals. Most recent data 
suggest that TNFi induce apoptosis in immune cells via activa
tion of reverse signaling pathways. Cell cycle G0/G1 arrest and 
apoptosis occurs in tmTNF-expressing Jurkat T lymphocytes 
that neither express TNFR1 nor TNFR2. c-Jun N-terminal 
protein kinase (JNK) activation followed by up-regulation of 
p21WAF1/CIP1, Bax, Bak and reactive oxygen species accu
mulation are important intracellular signaling actions for those 
events. TNFi that are full-length monoclonal antibodies (mAb) 
also possess constant region (Fc)-effector activity. They induce 
antibody-dependent cellular cytotoxicity (ADCC) and activate 
the complement pathway leading to cell-dependent cytotoxi
city (CDC) and apoptosis.5 All these complex mechanisms 
contributing to the resolution of inflammation are still being 
investigated.9
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Higher TNF levels have been detected in serum and in 
inflamed tissues of patients with immune-mediated inflamma
tory diseases.10,11 This suggests that there is local production of 
this cytokine.12 The involvement of TNF in the pathomechan
isms of these diseases is further suggested by studies showing 
that the serum and lesional amounts of this cytokine decrease 
after effective therapy.13,14

In RA patients higher TNF levels have been identified in 
synovial fluid and at the interface of the distinct cartilage- 
pannus junction, target of joint damage. TNF stimulates fibro
blast growth and induces collagenase and prostaglandin release 
from adherent synovial cells and fibroblasts.12

In inflammatory bowel disease (IBD) TNF concentration is 
abnormally high in the gut mucosa. Biopsies from uninflamed 
areas also had substantial numbers of T cells, monocytes, and 
macrophages, which could induce the production of TNF.13

Elevated TNF levels have been measured in the epidermis of 
psoriatic plaques. Stimulated keratinocytes may act as initiators 
of an inflammatory process. After stimulation, keratinocytes 
release pro-inflammatory mediators, like TNF, which are able 
to induce the expression of adhesion molecules on endothelial 
cells and the recruitment of circulating immunocytes. The inter
action between keratinocytes and activated T lymphocytes leads 
to an increased proliferation of keratinocytes that are genetically 
predisposed.14

There are five TNFi commercially available: infliximab, 
adalimumab, etanercept, certolizumab pegol, and golimumab.

All five TNFi bind to tmTNF on tmTNF-transfected cells 
with similar affinities that are lower compared to sTNF.5 

Effector functions of tmTNF as a ligand are inhibited by any 
of the TNFi agents, although the activity of etanercept is 
weaker than the other agents; differences may come from 
stoichiometric variances.

Infliximab is a chimeric mouse/human anti-TNF mAb com
posed of a murine immunoglobulin (Ig) heavy (H) and κ light 
(L) chain variable regions (Fab) with specificity for human 
TNF, and a human IgG1 Fc.5 It was obtained by genetic 
engineering techniques and the murine constant regions was 
replaced with human counterparts while retaining the murine 
antigen-binding regions.15 Adalimumab is a human IgG1 mAb 
developed using phage-display technology based on Chinese 
hamster ovary cells.16 Etanercept is a fusion protein, compris
ing the Fc portion of human IgG1 and the extracellular domain 
of the human TNFR2 receptor It is synthesized in Chinese 
hamster ovary cells by recombinant DNA technology.17 

Certolizumab is a monovalent Fab fragment of a humanized 
anti-TNF antibody conjugated with two cross-linked chains of 
polyethylene glycol (PEG) lacking the Fc region. The construct 
is expressed in Escherichia coli bacteria.18 Golimumab was 
derived from transgenic mice, produced by knocking human 
immunoglobulin genes into the murine genome, engineered to 
express human IgGs.7 Accordingly, golimumab was expected 
to be associated with less immunogenicity. Thomas et al.19 

documented in a systematic review that after etanercept 
[(1.2% of the patients producing anti-drug antibodies 
(ADAs)], golimumab was the least immunogenic (3.8%) of 
the TNFi, whereas the most immunogenic was infliximab 
(25.3%), followed by adalimumab (14.1%) and certolizumab 
(6.9%). Shealy et al.2 reported that the affinity of golimumab to 

sTNF is superior to those of infliximab and adalimumab and 
that conformationally, golimumab is more stable. The inhibi
tory ability of golimumab against TNF-induced cytotoxicity 
and activation of human endothelial cells also seems to be 
greater.

Over the following sections we will characterize the phar
macokinetics, immunogenicity, clinical efficacy, and safety of 
golimumab.

Golimumab – overview

Rodent monoclonal antibodies are easily obtained, however, 
their immunogenicity limits their use. Different approaches 
have been used to overcome this, like the generation of trans
genic mice comprising human heavy and light chain Ig loci.20 

In this technique, mice are modified to express human IgG and 
immunized with recombinant human TNF.16 Golimumab was 
originally isolated from a hybridoma clone transgenic mice 
that had been immunized with human TNF. The golimumab- 
secreting clone was selected after being assayed for TNF- 
binding.2,16

The heavy and light variable chain regions of golimumab 
are formed of an amino acid sequence virtually identical to 
those of the human sequence (heavy chain sequence, 98%; light 
chain sequence, 100%). The Fab region is specific for human 
TNF and is bivalent, which allows binding to both sTNF and 
tmTNF. Thus, it decreases the circulation of TNF and the 
binding of TNF to receptors. The amino acid sequence of the 
Fc regions are identical to those of infliximab. The relative 
affinity of the Fc portion of golimumab to Fc receptors is 
unknown but is likely to be related to biologic effects. It is 
expected to have actions comparable to those of other TNFi 
with Fc components (infliximab, adalimumab, and etanercept) 
concerning ADCC, CDC, reverse signaling, and cytokine 
suppression.21,22

The preclinical safety and immune-modulating effects of 
golimumab were evaluated in 16 cynomolgus macaques. The 
animals were treated with either saline, 10 mg/kg golimumab 
or 50 mg/kg golimumab doses administered twice per week by 
subcutaneous (SC) injection for up to six months. Immune 
system function was assessed by production of IgG and IgM. 
There were no signs of toxicity or histopathological changes in 
lymphoid tissues and no animal developed an infection. The 
investigators concluded that anti-TNF- mAbs produced speci
fic modulating effects on the immune system without render
ing the animals immune-compromised.23

Golimumab was approved in 2009 in both the US and 
Europe for the treatment of moderate to severe RA, Psoriatic 
Arthritis (PsA), and Ankylosing Spondylitis (AS).24 In 2013, 
golimumab was approved for the treatment of Ulcerative 
Colitis (UC) and in 2016 for the treatment of Juvenile 
Idiopathic Arthritis (JIA).

Golimumab is available in subcutaneous (SC) or intra
venous (IV) forms. Huffstutter concluded that improve
ments in disease activity were comparable in SC and IV 
administration forms, with no apparent benefit from 
switching from SC to IV.25

Golimumab is available as a 0.5 ml (50 mg golimumab) or 
1 ml (100 mg golimumab) solution.16,21 For RA, PsA, AS or 
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nonradiographic axial Spondyloarthritis (nr-axSpA), the indi
cated dosing is a 50 mg SC injection once a month. There was 
no clear evidence of improved American College of 
Rheumatology (ACR) or Ankylosing Spondylitis Assessment 
Study (ASAS) response with higher dose (100 mg) compared 
to lower dose (50 mg) for those indications. Regarding safety, 
in some studies, the association MTX + golimumab 100 mg 
had more frequent adverse events than the lower dose. .26–30 

Kay et al31 assessed safety of golimumab by pooling data from 
five pivotal phase III trials in patients with active RA, PsA or 
AS. Each study included a placebo-controlled phase, followed 
by uncontrolled study periods up to week 160, during which 
all patients received golimumab 50 or 100 mg. The incidence 
of serious infections observed with placebo was higher (5.31/ 
100 patient-years) than with golimumab 100 mg (5.09/100 
patient-years) or golimumab 50 mg (3.03/100 patient-years). 
For UC, golimumab approved dose is 200 mg SC (two 100- 
mg injections) on the first day of treatment, followed by one 
100-mg injection 2 weeks later, then maintenance with 
100 mg SC every 4 weeks (q4w). In UC studies, there was 
a trend toward a dose–response relationship. .32,33 In children 
with JIA, with body weight less than 40 kg, the indicated 
dosing is 30 mg/m2 of the body surface area. The 50 mg 
administered once a month is indicated for children with 
a body weight of at least 40 kg.34

Pharmacokinetics

pharmacokinetics and immunogenicity. Median, two distinct 
receptors for TNF alpha are known (TNFR1 and TNFR2), and 
activation of these receptors by TNF alpha induces an intra
cellular signaling cascade, with effects involving cytokine secre
tion, cell proliferation, and apoptosis. In particular, activation 
of TNFR1 (especially with soluble TNF) activates the nuclear 
factor-kappa B receptor (NFKB), which translocates to the 
nucleus and activates the transcription of several pro- 
inflammatory cytokine genes, such as IL-8, IL-1, IL-6, COX- 
2, and TNF alpha.9

Pharmacokinetics may be influenced by disease type or 
severity, body weight, immunogenicity, and the concomitant 
use of other medications such as methotrexate (MTX).4

The exact metabolic pathway of golimumab is unknown.
The pharmacokinetic (PK) characteristics of golimumab 

have been evaluated after a single IV administration in patients 
with RA35 and a single SC or IV administration in healthy 
subjects.36 Following a 30-min IV infusion, serum golimumab 
concentration exhibited a typical biphasic PK profile with 
a rapid distribution phase and a slow elimination phase. After 
a single SC administration of golimumab 100 mg in healthy 
subjects, golimumab was absorbed slowly into the blood with 
a median time to reach maximum serum concentration 
(Tmax) of 4.0 days.36 Following SC administration of 50 mg 
golimumab, the Tmax ranges from 2 to 6 days, with a mean 
concentration (Cmax) of approximately 3.1 ± 1.4 μg/ml.37

The median half-life (t1/2) appeared to increase with an 
increase in dose.35 The t1/2 after SC was consistent with that 
observed after IV administration.36 The t1/2 was estimated to 
be about 2 weeks either in healthy subjects or in patients with 
active RA, PsA, or AS.37

The mean maximum concentration (Cmax) and mean area 
under the concentration (AUC) also increased in a dose- 
proportional manner. RA, PsA, and AS patients treated with 
concomitant MTX had higher mean steady-state trough concen
trations compared with those treated without concomitant 
MTX.38

The mean clearance (CL) after IV administration of goli
mumab seemed to be independent of dose,35 but in patients 
with RA, the concomitant use of MTX reduced the apparent 
clearance of golimumab.38

The volume of distribution at steady state (Vss) was esti
mated as the sum of volume of distribution in the central 
compartment (Vc) and volume of distribution in the periph
eral compartment (Vp). However, the volume of distribution 
of golimumab was approximately twice the plasma volume, 
which suggests that golimumab is located primarily in the 
circulatory system and has also some extravascular tissue 
distribution.36

Body weight was identified as a significant covariate for Vc, 
but the clinical relevance of this relationship shouldn’t be 
important.

As said before, t1/2 were similar following SC and IV 
administrations, indicating that the administration route did 
not affect the elimination of golimumab. Concentration-time 
curves during the elimination phase following SC or IV admin
istration of golimumab were almost parallel.36

The mean absolute bioavailability of golimumab is compar
able to those for other monoclonal antibodies delivered sub
cutaneously. The basis for the 50–60% bioavailability of protein 
drugs after SC injection is not known, but the degradation/ 
metabolism at the site of injection or during the transport 
through the lymphatic system is associated with their pre- 
systemic loss.36

The use of different anatomical regions for the administra
tion of SC injections have been shown to influence the absorp
tion of protein drugs like insulin. However, Xu et al36 showed 
that the PK parameters including absorption parameters 
(Cmax, Tmax, and bioavailability) of SC golimumab appeared 
to be unaffected by injection sites (upper arm, abdomen, and 
thigh). Possibly, the inherent slow absorption of monoclonal 
antibodies likely makes the regional variation of lymph flow 
negligible.36

Immunoglobulins are eliminated by two main mechanisms: 
one is cellular uptake followed by intracellular catabolism and 
the other is thought to be by binding to its target antigen leading 
to an elimination of the complex by the immune system.34

Immunogenicity of golimumab

Biologic immunogenicity differs among agents. High level of 
immunogenicity are associated with increased risk of second
ary loss of response to biologics.39 Thomas et al.19 documented 
in a systematic review on the immunogenicity of TNF inhibi
tors that golimumab was one of the least immunogenic.

Immunogenicity is assessed by the detection of ADAs that 
specifically bind to the biologic drug.40 The drug-ADA com
plexes interfere with drug binding to TNF, leading to hyper
sensitivity, a higher risk of injection site or infusion reactions, 
an increase in drug clearance and loss of response. .41
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Several phase 3, randomized, double-blind, controlled, 
parallel-group studies were conducted to evaluate the efficacy 
and safety of golimumab therapy. In the GO-VIBRANT42 

study, antibodies to golimumab were detected in 44 (19.5%) 
of golimumab-treated patients after IV administration of 
golimumab at 2 mg/kg through week 20. Antibody titers 
were generally low in these patients (39 of these patients had 
titers below 1:100) and had no apparent effect on efficacy or 
safety, although median golimumab concentrations were gen
erally lower in patients who tested positive for antibodies to 
golimumab, with golimumab concentrations decreasing as peak 
titers increased. GO-FORWARD, 27 GO-REVEAL30 and GO- 
RAISE studies29 aimed to evaluate the efficacy and safety of 
SC golimumab therapy (50 and/or 100 mg q4w with or with
out concomitant MTX). In the GO-FORWARD study27 5 of 
236 patients with available samples (2.1%) had antibodies to 
golimumab at week 24. All the patients were in the group that was 
on golimumab 100 mg injections plus placebo. The observed 
incidence of antibodies to golimumab was too low to evaluate 
their effect on clinical efficacy and safety. In the GO-REVEAL30 

and GO-RAISE studies, 29 the incidence of antibodies to golimu
mab was low (4.6% and 4.1% of patients, respectively) and had no 
apparent impact on ACR responses or injection-site reactions. 
No patient receiving MTX at baseline developed antibodies to 
golimumab.

Serum samples previously tested via the original enzyme 
immunoassays (EIA) from the GO-FORWARD, GO-REVEAL, 
and GO-RAISE studies, were re-analyzed using the novel 
highly sensitive drug-tolerance EIA (DT-EIA) to determine 
the presence of antibodies to golimumab. DT-EIA could also 
detect ADA bound in an immune complex with the drug. 
Samples were collected at week 0, week 24 and week 52 and 
at any unscheduled time point. Immunogenicity results were 
evaluated and compared between methods. Overall, 31.7% 
(DT-EIA) vs 4.1% (original EIA) of patients were ADA+.

Patients with higher ADA titers generally had lower serum 
golimumab concentrations over time than patients with lower 
peak titers. However, the detection of these ADA did not 
change the clinical response.40

Identical comparison was done in a series of trials evaluat
ing the efficacy and safety of golimumab compared to placebo, 
in biologics naïve (BN) patients with moderate-to-severe UC: 
PURSUIT-IV, 43 PURSUIT-SC, 32 and PURSUIT-M .33 

Median ADA titers with the DT-EIA method were higher 
among those classified as positive with the original EIA 
method. The newly positive patients mainly had low ADA 
titers with the DT-EIA. Patients with higher ADA titers gen
erally had lower serum golimumab concentrations. With the 
DT-EIA no effects of positive ADA status were observed at 
week 6 on clinical response, clinical remission, or mucosal 
healing in PURSUIT-IV or PURSUIT-SC. Although the devel
opment of golimumab ADAs did not preclude clinical efficacy, 
a trend toward decreased efficacy in ADA-positive patients was 
observed compared with ADA-negative patients in PURSUIT- 
M. In the original EIA assessment, efficacy was lower among 
ADA-positive and ADA-negative patients compared with 
those in whom ADAs were not identified. The fact that in the 
original EIA both ADA-positive and ADA-negative patients 
had no detectable golimumab in their samples suggests that the 

most important predictor of efficacy is the level of golimumab 
drug concentration instead of the presence of antibodies.41

Clinical efficacy

The clinical efficacy of golimumab in inflammatory immune 
diseases has been shown in a series of phase III trials.

The efficacy of SC golimumab administered every 4 weeks 
was investigated in randomized, double-blind, placebo- 
controlled, multicenter, phase III trials in patients with RA, 
PsA, AS, nr-axSpA, JIA and UC Table 1.

Rheumatoid arthritis

The GO-BEFORE, 26 GO-FORWARD27 and GO-AFTER28 

Table 1 studies evaluated adults with RA diagnosed according 
to ACR criteria and active disease [at least 4 swollen joint 
counts (SJC) and 4 tender joint counts (TJC)]. In the first two 
studies’ participants also met at least 2 of the following criteria: 
c-reactive protein (CRP) >1.5 mg/dL; erythrocyte sedimenta
tion rate (ESR) >28 mm/h; >30 min of morning stiffness; bone 
erosion [determined by radiography and/or Magnetic reso
nance imaging (MRI)]; anti-cyclic citrullinated peptide anti
body-positive; rheumatoid factor-positive.

GO BEFORE was a multicenter phase III trial, in which 
patients were MTX and TNFi-naïve. Six hundred and thirty- 
seven patients were randomized to receive placebo plus MTX 
(group 1), golimumab 100 mg plus placebo (group 2), golimu
mab 50 mg plus MTX (group 3), or golimumab 100 mg plus 
MTX (group 4). The primary endpoint was the difference in 
the ACR50 response at week 24 between groups 3 and 4 
combined versus group 1. Although the primary endpoint 
was not achieved (38.4% vs 29.4%, p = .053), the combination 
of golimumab plus MTX demonstrated a significantly better 
response compared with placebo plus MTX in other efficacy 
parameters: 34.8% of patients in group 3 (p = .010) and 41.1% 
of patients in group 4 (p < .001) achieved at least 20% improve
ment in the ACR response (ACR20) at week 4 compared with 
21.9% of patients in group 1; greater proportions of patients in 
group 3 (61.6%) and group 4 (61.6%) achieved ACR20 at week 
24 compared with group 1 (49.4%; p = .028 for both); the 
proportion of patients achieving a Disease Activity Score in 
28 joints (DAS28) response at week 24 was significantly higher 
in group 3 (73%; p = .027) and group 4 (76.7%; p = .003) 
compared with group 1 (61.3%).

Patients enrolled in GO-FORWARD27 had active disease 
despite current MTX therapy. This was a phase III, multicen
tre, randomized, double-blind, placebo-controlled trial. 
Patients were randomly assigned in a 3: 3: 2: 2 ratio to receive 
placebo plus MTX (group 1, n = 133), golimumab 100 mg plus 
placebo (group 2, n = 133), golimumab 50 mg plus MTX 
(group 3, n = 89), or golimumab 100 mg plus MTX (group 4, 
n = 89). The co-primary endpoints were the ACR20 at week 14 
and the change from baseline in the health assessment ques
tionnaire-disability index (HAQ-DI) score at week 24.

The addition of golimumab injections q4w to MTX in 
patients with active RA significantly reduced the signs and 
symptoms of RA: 33% of patients in group 1 achieved an 
ACR20 response at week 14, compared with 55.6% (p < .001) 
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in the combined groups 3 and 4. At week 24, patients in the 
combined groups 3 and 4, also improved physical function 
[median improvement in HAQ-DI score was −0.44 (p < .001) 
compared with −0.13 in group 1].

In the GO AFTER study, patients had active disease after 
discontinuing previous TNFi therapy because of lack of 
effectiveness or other reasons, despite any ongoing treat
ment [conventional disease-modifying antirheumatic drugs 
(csDMARDs), oral corticosteroids or nonsteroidal anti- 
inflammatory drugs (NSAIDs)]. Four hundred and sixty 
one patients were randomized to receive placebo, 50 mg 
golimumab, or 100 mg golimumab. The primary endpoint 
was achievement of ACR20 at week 14. At week 16, 
patients who had less than 20% improvement in tender 
and swollen joint counts were given rescue therapy and 
changed treatment from placebo to 50 mg golimumab, or 
from 50 mg to 100 mg golimumab. At week 14, 54 (35%) 
patients on 50 mg golimumab (p = .0006), and 58 (38%) 
patients on 100 mg golimumab (p = .0001) achieved 
ACR20. In this study, golimumab showed efficacy in RA 
patients with active disease who had previously received 
one or more TNFi.28

GO-SAVE46 was a multicenter, assessor-blinded study, 
where 433 patients with active RA despite MTX and past 
adalimumab/etanercept treatment received open-label SC goli
mumab 50 mg q4w. Week 16 responders continued therapy 
through week 52 and nonresponders were randomized (1:2) to 
double-blind SC golimumab 50 mg q4w or IV golimumab 
2 mg/kg (weeks 16, 20, every 8 weeks). The primary endpoint 
(ACR20) was achieved by 151 of 433 patients (34.9%) at week 
14, even after having failed treatment with etanercept, adali
mumab, or both.

The combined evidence obtained in these trials have shown 
that golimumab 50 mg every month is effective in the treat
ment of active RA patients after failure of conventional or 
biological DMARDs.

Psoriatic arthritis

Unlike csDMARDs, TNFi have been demonstrated to prevent 
the radiographic progression of PsA.4 GO-REVEAL30 and GO- 
VIBRANT42 are the two major randomized clinical phase III 
studies testing the use of golimumab in PsA Table 1. Both 
showed efficacy of golimumab in the SC and IV form, 
respectively.

In the GO-REVEAL study, treatment of PsA showed clinical 
efficacy, including ACR20, DAS28 response, ≥75% improve
ment in Psoriasis Area and Severity Index (PASI75) scores, 
PsA-modified Sharp/van der Heijde scores (SHSs) and physical 
function, which was maintained over the period of 
study.30,42,47,48 Adults with active PsA (≥3 SJC and TJC, active 
psoriasis) were randomly assigned to SC placebo, golimumab 
50 mg, or golimumab 100 mg every q4w. All patients received 
golimumab 50 mg or 100 mg from week 24 onward. MTX was 
also taken by approximately half of the patients. Golimumab 
was effective in maintaining clinical improvement 
throughout year-548 (ACR20: 62.8–69.9%, DAS28: 75.2–84.9% 
for randomized patients; PASI75: 60.8–72.2% among rando
mized patients with ≥3% body surface area involvement) and 

inhibiting radiographic progression (mean changes in PsA- 
modified SHS: 0.1–0.3) among patients with radiographic data.

GO-VIBRANT42 was a phase III, randomized, double- 
blind, placebo-controlled trial, in which patients were ran
domly assigned to receive IV placebo or golimumab 2 mg/kg 
at weeks 0, 4, 12, and 20. The primary endpoint was the 
proportion of patients achieving an ACR20 response at week 
14. Secondary endpoints included ACR50 and ACR70 
responses, a PASI75 response at week 14, change from baseline 
in HAQ DI score at week 14 and change from baseline at week 
24 in the SHSs. Patients selected had active PsA (defined as ≥5 
of 66 SJC and ≥5 TJC at screening and baseline and a high- 
sensitivity CRP level of ≥0.6 mg/dl at screening) despite 
csDMARD therapy and/or NSAID therapy or demonstrated 
intolerance to these agents. Previous biologic therapy was not 
allowed. At week 14, 75.1% of patients in the golimumab group 
achieved an ACR20 response (primary endpoint) compared 
with 21.8% in the placebo group (p < .001). All major second
ary endpoints were achieved. Also, patients in the golimumab 
group had less radiographic progression than those in the 
placebo group (p < .001).

GO-DACT was a phase 3b randomized, double-blind, 
placebo-controlled trial of golimumab plus MTX versus pla
cebo plus MTX testing the improvement in dactylitis in 
MTX-naïve patients with PsA. The primary endpoint was 
Dactylitis Severity Score (DSS) change from baseline to 
week 24. Forty-four patients were randomized: 21 received 
golimumab plus MTX and 23 placebo plus MTX for 24 weeks. 
Patients treated with golimumab plus MTX exhibited signifi
cantly greater improvements in DSS relative to MTX mono
therapy (median change of 5 vs 2 points, respectively; 
p = .026) at week 24. Higher proportions of patients achieved 
at least 50% or 70% improvement in DSS (p < .005) and 20% 
(p < .05), 50% (p < .001), or 70% (p < .05) improvement in 
Leeds Dactylitis Index (LDI) in the golimumab plus MTX 
group. According to Vieira-Sousa et al, the combination of 
golimumab plus MTX is associated with significantly higher 
clinical improvements in dactylitis in comparison with MTX 
monotherapy.49

Ankylosing spondylitis

Accordingly to a Cochrane meta-analysis of 18 randomized 
clinical trial (RCTs), patients with AS treated with TNFi 
(except for certolizumab) were significantly more likely to 
achieve an ASAS40 response at 6 months compared with 
placebo. .50

In the GO-RAISE study, 29 patients with active AS, a Bath 
AS Disease Activity Index (BASDAI) score >4, and a back pain 
score of >4 were assigned in a 1.8:1.8:1 ratio to receive SC 
injections of golimumab (50 mg or 100 mg) or placebo every 
4 weeks. The primary endpoint was the proportion of patients 
achieving at least 20% improvement in the Assessment in AS 
(ASAS20) criteria at week 14. Significantly, more golimumab- 
treated patients achieved an ASAS20 response compared with 
patients in the placebo group (p < .001) Table 1. Patients 
receiving golimumab also showed significant improvement in 
the BASDAI score and in the Bath AS Functional Index 
(BASFI) score (p < .001).
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Mok et al51 aimed to compare the effect of golimumab 
and pamidronate on clinical efficacy and MRI inflammation 
in AS. Eligible patients [ASAS criteria for AS and active 
disease (BASDAI score ≥ 4] were randomized in a 2:1 ratio 
to receive golimumab (50 mg subcutaneously) or pamidro
nate (60 mg intravenously) q4w for 48 weeks. Thirty 
patients were recruited. Pamidronate was associated with 
improvement in patient-reported outcomes (PRO) and 
ASAS20 and ASAS40 response rates were similar, however, 
golimumab was effective in reducing the levels of inflam
matory markers (ESR and CRP), BASDAI, BASFI, 
Ankylosing Spondylitis Disease Activity Score (ASDAS), 
and MRI inflammation of the spine and sacroiliac joints.

Nonradiographic axial SpA

A phase III, double-blind, randomized, placebo-controlled trial 
was performed to evaluate SC golimumab (50 mg) versus 
placebo in patients aged 18–45 years who had active nr- 
axSpA according to the ASAS criteria.44 It was also necessary 
to have high disease activity and an inadequate response/intol
erance to NSAIDs. Of the 198 randomized patients, 97 received 
golimumab and 100 received placebo subcutaneously q4w. The 
primary endpoint was an ASAS20 response at week 16 and this 
was achieved by significantly more patients in the golimumab 
group than in the placebo group (71.1% versus 40.0%; 
p < .0001). Table 1

In patients who had a positive MRI or an increased CRP at 
treatment start, the effect on ASAS20 and ASAS40 responses 
was superior.44,52

Juvenile idiopathic arthritis

GO-KIDS45 was a three-part randomized, double-blind, pla
cebo-controlled, withdrawal study in which 173 children (aged 
2–17 years) participated. Participants had active polyarticular 
juvenile idiopathic arthritis (pJIA), ≥5 active joints, and an 
inadequate response to MTX. Those patients received open- 
label golimumab (30 mg/m2 of body surface area; maximum: 
50 mg/dose) q4w together with weekly MTX during Part 1 
(weeks 0–16). Patients with at least 30% improvement in the 
American College of Rheumatology Criteria for JIA (JIA 
ACR30) were included in the double-blinded Part 2 (weeks 
16–48) after 1:1 randomization to continue golimumab or start 
placebo. In Part 3, golimumab was continued or could be 
restarted as in Part 1. Eighty nine percent (154/173) had 
a JIA ACR30 response. Treatment with golimumab in children 
with active pJIA resulted in a rapid clinically meaningful 
improvement that was maintained over time Table 1.

Ulcerative colitis
Studies leading to the approval of golimumab for UC were 
included in the “Program of Ulcerative Colitis Research Studies 
Utilizing an Investigational Treatment” (PURSUIT) and 
included trials that evaluated the efficacy and overall safety of 
golimumab compared to placebo, in BN patients with moder
ate-to-severe UC Table 1.53

Studies were divided into two phases: induction (PURSUIT– 
SC) and maintenance (PURSUIT-M.)

PURSUIT-SC32 was the first trial evaluating golimumab 
induction therapy via the SC route. It was a multicenter, ran
domized, double-blind, placebo-controlled trial. Data showed 
significantly higher clinical response rate and mucosal healing 
for both golimumab induction regimens selected (400/200 mg 
and 200/100 mg) when compared to placebo in the 6-week 
time of observation. In phase 2 study, 169 patients were ran
domized to receive either placebo or different regimens of 
golimumab at week 0 and week 2: 100/50 mg; 200/100 mg; 
400/200 mg. After analysis of the dose-finding data, the 400/ 
200 mg and 200/100 mg regimens were selected for the phase 3 
study (774 patients). In this phase 2/3 induction study, goli
mumab treatment was associated with a higher level of clinical 
response, clinical remission, mucosal healing, and improved 
quality of life, as compared with placebo.

PURSUIT-IV43 was a trial with the same eligibility criteria, 
evaluating the efficacy of a single IV induction dose. This route 
of administration did not reach primary clinical end points at 
week 6 and the study enrollment was stopped because of 
unsatisfactory results.

The IV route was associated with a higher peak concentra
tion; however, this was not relevant for the long-period effi
cacy. In the SC induction regimen there was a more constant 
serum drug concentration during the 6-week induction regi
men and had better results.

The maintenance study, PURSUIT-M33 was a multicenter, 
randomized, placebo-controlled study, in which patients who 
completed golimumab induction trials were randomly assigned 
to placebo or 50 or 100 mg golimumab groups, every 4 weeks 
throughout week 52. Patients who responded to placebo in the 
induction study continued to receive a placebo. Nonresponders 
in the induction study received 100 mg golimumab. The primary 
endpoint was clinical response maintained throughout week 54 
and secondary endpoints included clinical remission and muco
sal healing at weeks 30 and 54. Clinical response was maintained 
through week 54 in 47.0% of patients receiving 50 mg golimu
mab and 49.7% of patients receiving 100 mg golimumab (com
pared with 31.2% of the patients included in the placebo group). 
At weeks 30 and 54, a higher percentage of patients who received 
100 mg golimumab were in clinical remission and had mucosal 
healing (27.8% and 42.4%) as compared with patients given 
placebo (15.6% and 26.6%, respectively) or 50 mg golimumab 
(23.2% and 41.7%, respectively).

In 2017, Japanese authors published the PURSUIT-J,54 

a double-blind randomized placebo-controlled trial, with simi
lar results in long-term efficacy (56.3% vs 49.7% of PURSUIT- 
M) at week 52 in a Japanese cohort of UC BN patients.

Although only a few real-life studies support efficacy of 
golimumab in biologics experienced (BE) patients, it seems to 
be an alternative treatment even in previously experienced 
TNFi UC patients.55, 56, 57, 58, 59 Only the patients who received 
golimumab after the previous failure of 2 TNFi had signifi
cantly worse outcomes.59

Golimumab was shown to be effective and is also approved 
for administration in children with UC.60

Crohn’s disease
No formal trial has been performed to assess the efficacy of 
golimumab in Crohn’s disease (CD). This may be due to a large 
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number of reasons, including strategical considerations by the 
manufacturer and regulatory issues.61 A retrospective observa
tional study conducted in 45 CD BE patients (97.7% had 
experienced two other TNFi) demonstrated optimal clinical 
response (71.1% at 6 months, 70.9% at 12 months).62 Russi 
et all61 performed a retrospective study of a case series of 8 
refractory CD patients receiving golimumab as an off-label 
rescue therapy. All patients were previous anti-TNF nonre
sponders to at least 1 agent. Clinical response was observed 
in 3 patients. Although the study was small, there seem to be 
promising results for refractory CD patients.

Its efficacy was also evaluated in a retrospective study63 

where 115 CD patients, who had already been on 2 biological 
therapies before, started therapy with golimumab. After 
4 months of treatment, clinical response was achieved in 
55.8% of cases. The probability of maintaining the therapy 
without escalation at 6 and 12 months was 54.6% and 34.9%, 
respectively. The maintenance dose scheme was the same as 
that used for UC for most of the patients (only 1.9% received > 
100 mg/4 weeks) and no serious adverse events were reported. 
Lack of CRP in all patients and of endoscopic data were 
limitations of this study.

Randomized prospective trials with a higher number of 
patients are needed to confirm these data and to establish the 
optimal dosing regimen. Initial conclusions based on the studies 
reported above suggests efficacy in TNFi-resistant CD patients.

Uveitis
No formal trial has been performed to assess the efficacy of 
golimumab in uveitis.

Palmou-Fontana et al64 evaluated the efficacy of golimumab 
in a multicentre study of JIA-associated uveitis refractory to 
csDMARD and to other TNFi agents. Seven patients (5 
females; mean age 21.7 ± 7.5 years) were eligible and initiated 
golimumab 50 mg q4w. Besides corticosteroids and 
csDMARDs, patients had received a median of 2 biologic 
agents (range 0–3) including adalimumab (n = 6), etanercept 
(n = 2), infliximab (n = 3) and abatacept (n = 2). Complete 
remission of uveitis was achieved in 4 of 7 patients after 
16.8 ± 11.4 months of follow-up.

Tosi et al65 pretended to show the efficacy of golimumab 
and certolizumab for the treatment of uveitis. Twenty-one 
patients were enrolled in the study, 10 patients were treated 
with golimumab. There were cases of anterior, intermediate, 
posterior uveitis and even panuveitis. Twelve months after the 
beginning of golimumab a significant reduction in ocular flares 
was observed.

Psoriasis
No formal trial has been performed to assess the efficacy of 
golimumab in psoriasis. However, the GO-REVEAL trial30 also 
demonstrated efficacy for treating psoriasis as measured by 
PASI responses. Forty percent of the patients in the golimumab 
50 mg group and 58% of those in the golimumab 100 mg group 
had a PASI75 at week 14 (major secondary end point), com
pared with 3% of placebo-treated patients (p < .001 for both 
doses). Golimumab was also effective in treating nail disease, 
with a significant improvement observed for the NAPSI, the 

physician’s global assessment of psoriatic nail disease. Efficacy 
was maintained after 5 years.48

Safety

The risks and adverse events associated with the use of goli
mumab are generally similar to those of the other TNFi Table 
1. Singh et al 66, 70, 91, 92 found no statistically differences 
between golimumab and placebo regarding adverse events, 
including infections or cancer.

Allergic reactions are rare. The needle cover as well as the 
syringe in the autoinjector contains dry natural rubber (a 
derivative of latex) and should not be handled by individuals 
who are sensitive to latex.67

Although demyelinating disorders were reported infre
quently among patients treated with golimumab, 62 TNF antag
onism may be associated with demyelinating disease and that is 
why all TNFi should be avoided in patients with demyelinating 
disorders such as multiple sclerosis.

Pneumonia and soft-tissue infections are the most common 
serious infections observed among patients on TNFi .11 Kay 
et al studies31, 68 serious infections appeared to be more fre
quent among golimumab-treated patients with RA (9.1%) than 
among golimumab-treated patients with PsA (2.5%) or AS 
(4.8%). The literature on TNFi in the treatment of RA contains 
more data to suggest an increased frequency of infections; 
however, the same level of vigilance for infections is advised 
regardless of indication.11 Serious infections also appeared to 
be more common among patients for whom oral corticosteroid 
use was present at baseline.31,68 An increased risk of tubercu
losis (TB) among patients receiving TNFi has been observed, 
and several meta-analyses have evaluated the risk of TB in 
patients treated with TNFi. TNF plays an essential role in 
host defense against TB, including granuloma formation and 
containment of the disease. The overall incidence of TB in 
patients with rheumatic diseases who are treated with TNFi 
varies by disease, population and the specific TNFi used.69, 71 

In one registry series for golimumab, the TB incidence was 
similar to adalimumab.72 Ai et al73 analyzed the TB risk in 
patients with RA treated with TNFi in 50 published RCT. For 
golimumab the risk ratio (RR) was 1.18, compared with a RR 
for infliximab, adalimumab and certolizumab pegol of 1.65, 
1.01, and 1.02, respectively. In the golimumab safety update, 
31,68 the TB incidence was numerically higher with golimumab 
100 mg than with golimumab 50 mg at week 160, however, not 
higher than placebo.

Due to the potential of TNFi to cause reactivation of latent 
tuberculosis, screening is recommended for all patients. When 
TB treatment is indicated, it is necessary two months of TB 
treatment in active tuberculosis cases and one month in latent 
tuberculosis infection before the beginning of TNFi therapy.74

Serological tests for the Hepatitis C Virus (HCV), Hepatitis 
B Virus (HBV) and Human Immunodeficiency Virus (HIV) 
should be obtained before starting TNFi therapy. In patients 
with chronic viral infections, the appropriateness of TNFi 
therapy should be discussed.75

The pneumococcal vaccine is recommended before TNFi 
initiation, as well as the yearly influenza vaccine.74, 75
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As for other biologics, live vaccines should not be used 
during treatment with golimumab.75

Approximately 25% of patients treated with TNFi develop 
cutaneous adverse events, (usually months to years after initi
ating treatment), including xerosis cutis, eczema (often psor
iasiform), psoriasis, palmoplantar pustulosis, cutaneous 
infections, and alopecia. There are rare reports of paradoxical 
triggering of psoriasis in new locations, particularly pustular 
lesions of the palms in patients with PsA treated with TNFi. 
The typical skin lesion is an orange-red psoriasiform eczema 
affecting the flexures, genitalia, scalp, or face, with high sus
ceptibility to bacterial superinfection with Staphylococcus aur
eus. Only rarely the discontinuation of TNFi is necessary, if 
adequate dermatological treatment is administered.76

The overall incidence of malignancy did not appear to be 
increased with golimumab vs placebo or when compared with 
rates expected in the general population.68

In the meta-analysis (MA) by Le Blay et al77 no increased 
risk of all types of malignancy with the use of golimumab was 
found. Michaud et al78 did a MA update of 44 RCT to evaluate 
the safety data of TNFi in RA patients. Studies evaluated 
adalimumab, certolizumab pegol, etanercept, infliximab, and 
golimumab. The risk of malignancy in patients treated with 
TNFi as a group or individually was not significantly different 
from those treated with placebo or csDMARDs in the control 
group. Also, Moulis et al79 excluded an excess cancer risk of the 
five TNFi compared with placebo in RA patients.

Lemaitre et al80 evaluated the risk of lymphoma in IBD 
patients exposed to thiopurine or anti-TNF therapy, using data 
from a large observational cohort study of French patients. 
Compared with exposure to neither medication, the risk of 
lymphoma (either Hodgkin lymphoma or non-Hodgkin lym
phoma) was higher among those exposed to combination ther
apy (Adjusted Hazard Ratios (aHR), 6.11; 95% CI, 3.46–10.8; 
p < .001), followed by thiopurine monotherapy [aHR, 2.60; 95% 
Confidence Intervals (CI), 1.96–3.44; p < .001] and anti-TNF 
monotherapy (aHR, 2.41; 95% CI, 1.60–3.64; p < .001).

An increased risk of malignancy has been shown in multiple 
studies with thiopurines in IBD patients and the majority of 
antiTNF–treated patients are either current or past users of 
thiopurines. Thus, the relative risk of malignancy with anti- 
TNF monotherapy in IBD is not clear. Osterman et al81 con
cluded by a meta-analysis that although the use of adalimumab 
in combination with an immunomodulator carried an 
increased risk for malignancies, the use of anti-TNF mono
therapy did not have a greater incidence of cancer. The TREAT 
registry82 allowed to assess the potential associations between 
malignancy and antiTNF therapy in patients with CD. 
Treatment with IFX alone (OR 1.96; 95% CI 0.23–17.02; 
p = .54) was associated with lower risk of malignancy than 
the use of immunosuppressives alone (OR 4.19; 95% CI 0.58–
30.37; p = .16) or with combination therapy (OR 3.33; 95% CI 
0.46–24.06; p = .23). A rare form of lymphoma, hepatosplenic 
T cell lymphoma, has been reported in patients receiving 
combination therapy with antiTNF and azathioprine. 
However, hepatosplenic T cell lymphoma have also occurred 
in patients receiving azathioprine alone.83 Colombel et al84 

evaluated the safety of infliximab and azathioprine therapy 

alone or in combination for CD and the incidence of adverse 
events was similar. According to these data, we cannot exclude 
that the risk of malignancy with TNFi in IBD patients can be 
driven just by the use of thiopurines.85

Bongartz et al86 and Askling et al87 studies demonstrated an 
increased risk of malignancies in patients treated with TNFi. 
However, they did not include golimumab in their studies.

Although there is no evident risk of malignancies associated 
with golimumab in current scientific literature, 88 a risk-benefit 
evaluation should be done.

No association has been found between TNFi given during 
pregnancy and birth defects, or an increased incidence of adverse 
pregnancy outcomes. However, published evidence is limited and 
consists mostly of case reports and case series.89 Based on the 
analysis of the PIANO data there was no increase in the rate of 
birth defects, infections, achievement of developmental milestones 
at 1 year, height or weight. However, there was an increase in any 
complication [odds ratio (OR) 1.7 (1.0–2.2)] and preterm birth 
[OR 2.4 (1.3–4.3)] in the combination therapy group compared 
with the unexposed.89

Data from the health registries in Denmark and Sweden 
suggested that women who received TNFi agents during preg
nancy had a slightly higher risk of having children with birth 
defects. In this study, only 4 women were specifically taking 
golimumab and reported no adverse events during pregnancy.90

After the second semester of pregnancy there is an increased 
placental transfer of monoclonal antibodies via the neonatal Fc 
receptor. Golimumab, as a complete IgG1 antibody, crosses the 
placenta and can be detected for up to 6 months in the serum of 
the infant born from a treated woman. Consequently, these 
infants may be at increased risk of infection.91, 92

The timing of anti-TNF dosing during pregnancy is still 
debated. The concern with stopping the anti-TNF early is the 
possibility of disease flare, which may lead to preterm birth, as 
well as immunizing the mother to the drug. In the patient in 
remission, some authors have suggested discontinuing anti-TNF 
agents at week 20 of gestation to reduce the amount of drug 
present in the infant at birth. In the patient with active disease, 
anti-TNFs are continued.89 The administration of live vaccines 
to infants exposed to golimumab in utero is not recommended 
for 6 months. A risk-benefit assessment of the use of golimumab 
during pregnancy should always be done.65, 68

TNFi have been shown to be excreted in breast milk, but only at 
minimal amounts. Therefore, this is unlikely to result in systemic 
immune-suppression and breastfeeding may occur while on this 
therapy.93

In children, golimumab has shown consistent safety profile 
across weight, concomitant medications and age, similar to 
adult results and the other TNFi pediatric studies.94

Golimumab should not be used in patients with New York 
Heart Association (NYHA) Grade 3 or 4 cardiac failure and 
only with caution in milder grades.

In the RA, PsA, AS, and UC golimumab phase III studies no 
significant differences in adverse events, serious adverse events, 
and serious infections were found in patients age 65 or older 
when compared with younger patients. However, caution 
should be taken when treating the elderly, especially regarding 
infections occurrence.34
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Conclusions

Golimumab is a TNFi used for the treatment of several 
immune-mediated chronic inflammatory diseases. It is well 
tolerated and associated with low levels of immunogenicity.
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