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ABSTRACT

Rheumatoid arthritis (RA) is characterized by persistent joint inflammation, a defining feature of this chronic
inflammatory condition. Considerable advancements have been made in the field of disease-modifying anti-rheumatic
medicines (DMARDs), which effectively mitigate inflammation and forestall further joint deterioration. Anti-tumor
necrosis factor-alpha (TNF-a) drugs, which are a class of biological DMARDs (bDMARDs), have been efficaciously
employed in the treatment of RA in recent times Adalimumab, a TNF inhibitor, has demonstrated significant efficacy in
reducing disease symptoms and halting disease progression in patients with RA. However, its usage is associated with
major side effects and high costs. In addition, ongoing advancements in therapeutic development have resulted in the
production of medications that exhibit enhanced efficacy and safety characteristics. However, further investigation is
required before RA can be deemed a manageable pathology. This review presents an analysis of the utilization of
adalimumab for the treatment of RA by synthesizing information from relevant literature and emphasizing its effectiveness
and safety to improve the overall outcomes along with potential cost reductions for patients with RA.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory
disease that is highly prevalent. It has the potential to
cause damage to cartilage and bones, resulting in
disability that can impose a considerable burden on both
the individual and society [l1]. TNF-0, a
proinflammatory cytokine, has been identified as a
major contributor to the pathogenesis of chronic
immune-mediated disorders [2]. At present, anti-tumor
necrosis factor (anti-TNF) medications are recognized
as an efficacious therapeutic option for RA [3]. TNF-a,
a proinflammatory cytokine, has been identified as a
major contributor to the pathogenesis of chronic
immune-mediated disorders. Apart from adalimumab,
various other TNF-a inhibitors have obtained regulatory
endorsement for their clinical application in
rheumatology, such as etanercept, golimumab,
infliximab, and certolizumab [2]. The management of
rheumatoid arthritis usually entails the utilization of
these agents. Several studies [5-8] suggest that TNF-a
inhibitors may have adverse effects on patients with RA,
despite their therapeutic benefits. The preponderance of
the trials primarily concentrated on the general adverse
effects (AEs) or a solitary type of AE, and certain meta-
analyses conducted initially were subsequently refuted
by subsequent research. Although several pair-wise and
network meta-analyses have assessed the safety of
different TNF-a inhibitor therapies for patients with RA,
Bongartz et al. found that those receiving anti-TNF
therapy had a higher likelihood of experiencing serious
infections and malignancies. Conversely, another study
investigating the risk of malignancy in RA patients
concluded that there was insufficient evidence to
suggest an elevated risk of malignancy associated with
TNF-a inhibitors. The efficacy and tolerability of anti-
TNF therapy in patients with RA have been
demonstrated in various studies [11,12]. However, it
should be noted that not all patients exhibit an
immediate response to this treatment, and in some cases,
the effectiveness of these medications may diminish
over time. Currently, a comprehensive investigation into
the specific mechanism underlying the inadequate
response to anti-TNF therapy has yet to be undertaken
[13]. Currently, there is a lack of established
methodologies for prognosticating a patient's reaction to
TNF-a inhibition. The early detection of individuals
who are likely to respond poorly to therapy would
necessitate the implementation of alternative treatment
approaches, which would result in a delay in disease
progression and a reduction in unnecessary expenses
[14]. The efficacy of TNF inhibitors may be hindered in
certain individuals due to factors such as variances in
patient pathophysiological responses and the primary
cytokine involved in each patient's disease progression
[15]. The original compound of adalimumab was
granted approval by the FDA for the treatment of
rheumatoid arthritis. Following the approval of
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etanercept and infliximab, the third TNF-a inhibitor was
granted FDA approval, as reported in reference 16.
Extensive clinical testing has been conducted on
adalimumab. The monoclonal anti-TNF antibody is
composed solely of human amino acid sequences.
Clinical trials have demonstrated that adalimumab is
both safe and effective when administered alone or in
conjunction with other antitheumatic medications
[17,18]. The comparative efficacy of adalimumab and
other targeted drugs was evaluated through direct and
indirect comparisons. The findings revealed notable
variations in effectiveness, which could potentially
impact the management of RA [19]. Adalimumab has
been associated with severe infections and various
adverse effects, including but not limited to cancer,
significant cardiac events, venous thromboembolism,
and mortality. The administration of Adalimumab has
been associated with various adverse effects such as
herpes zoster, lymphopenia, hepatic impairment, and an
increase in CPK levels [20]. While anti-TNF therapy has
demonstrated efficacy and tolerability in the treatment
of RA patients [21], not all patients exhibit an immediate
response, and some individuals may experience a
reduction in drug efficacy over time [22]. The exact
mechanism responsible for the insufficient response to
anti-TNF therapy has not been comprehensively studied,
as indicated by previous research [23]. Currently, there
is a lack of established techniques for predicting the
response of patients to TNF-o blockade [24]. The
identification of poor responders prior to commencing
therapy would necessitate the implementation of
alternative treatment methods, resulting in delayed
disease progression and reduced wastage of expenses
[24]. Due to variations in the pathophysiological
response of each patient and the primary cytokine
involved in their specific illness process, a subset of
individuals may not experience the desired therapeutic
effects of TNF inhibitors [25]. The efficacy and safety
of adalimumab over an extended period of more than
three years in treated patients remains largely uncertain
[20]. The aim of this review is to examine the long term
clinical effectiveness and safety, as well as the clinical
and pharmacogenetic factors that impact the response to
adalimumab therapy in patients with RA.

METHOD

A systematic and comprehensive search using specific
keywords '"adalimumab", ‘"rheumatoid arthritis,"
"safety," '"effectiveness," "genetic polymorphism,"
clinical," "epidemiological," and '"response" from
PubMed, Google Scholar, and ResearchGate databases
will be conducted. All the papers were thoroughly
investigated and presented in the text. Since the approval
of adalimumab in 2002, all studies that meet the
inclusion criteria and have been published were
included. Authors conducted full-text verification if they
cannot classify research based on their titles and
abstracts. During the study selection process, any
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disagreements will be declared and resolved by
consensus.

Inclusion criteria

The primary search results were imported into
Mendeley, and the publications discovered there will be
examined using the criteria listed therein: 1) any and all
research that investigated the link between the
effectiveness, safety, clinical, epidemiological, and
pharmacogenetic factors impacting response to
adalimumab in RA patients; 2) papers containing
adequate data to extract.

Exclusion criteria

The duplicates, meta-analyses, case reports, book
chapters, letters to the editor, and conference abstracts
will be omitted.

RESULTS
Effectiveness and Safety of Adalimumab in RA

TNF-a is a crucial cytokine that regulates the immune
response and plays a vital role in the inflammatory
cascade. Elevated levels of TNF-a have been reported in
both the synovial tissue and synovial fluid of individuals
diagnosed with RA, as documented in a previous study
[26]. The erosion of bone and breakdown of cartilage
can lead to functional impairment and loss of function.
Additionally, it has the potential to induce inflammation
in a specific area and result in the formation of pannus.
According to previous studies [27], it is recommended
to use TNF-a inhibitors for managing conditions with
moderate to high levels of activity. Numerous studies
have demonstrated the safety and efficacy of
adalimumab, a TNF-alpha inhibitor, in the treatment of
RA, either as a monotherapy or in conjunction with
methotrexate (MTX) [28-30]. According to Weisman et
al., adalimumab is deemed to be safe and devoid of
significant adverse reactions. In this study, intravenous
administration of adalimumab was performed at
variable dosages. The trial demonstrated that
adalimumab was generally well-tolerated and did not
exhibit any adverse effects related to dosage. This study
reported that a considerable proportion of patients who
received adalimumab in conjunction with MTX
exhibited noteworthy and persistent improvements.
During the 4-week double-blind and placebo-controlled
period, 64.4% (29/45) and 24.4% (11/45) of individuals
exhibited American College of Rheumatology
improvement by 20% and 50% (ACR20 and ACRS50)
responses, respectively, upon receiving a single dose of
adalimumab with MTX [31]. In the United States, the
selection of a biological agent for specific clinical
applications is often based on factors such as the ease of
administration and the level of self-injection anxiety
experienced by patients. Although adalimumab is
considered to be more pragmatic, it resulted in a higher
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incidence of injection/infusion-site burning and stinging
(ISBS) compared to etanercept. Furthermore, the
severity of this unfavorable outcome surpassed that
observed in previous clinical trials [32]. The utilization
of three TNF-a inhibitors in conjunction with MTX has
been shown to elicit favorable self-reported outcomes in
the management of active RA among patients. [33]. Ina
study conducted by Weinblatt et al. to evaluate the safety
and efficacy of adalimumab in comparison to MTX plus
placebo, it was demonstrated that the inclusion of
subcutaneously administered adalimumab at doses of 20
mg, 40 mg, or 80 mg every other week to long-term
MTX treatment resulted in a significant, rapid, and
enduring reduction in disease activity over a 24-week
period [17]. In a clinical trial conducted by Huang et al.,
participants were administered adalimumab or a placebo
at varying dosage levels. The objective of the study was
to assess the efficacy and safety of adalimumab in
conjunction with MTX, specifically at doses of 40 mg
or 80 mg, for the management of RA. Prior to
participating in the trial, each participant had undergone
MTX therapy. The study findings indicate that the
combination of adalimumab and MTX demonstrated
superior efficacy in managing RA compared to the use
of MTX monotherapy. The combination of adalimumab
and MTX is generally considered to be safe and well-
tolerated. This treatment approach has been shown to
result in a notable increase in response rates, a gradual
reduction in rheumatic symptoms and inflammatory
markers, and benefits in terms of reducing disability
levels and enhancing the overall quality of life for
patients [18]. In another study, Heiberg ef al. made a
discovery indicating that the administration of
adalimumab in combination with MTX was more
effective than the administration of adalimumab alone in
patients who had pre-existing RA. The group that
received the combined treatment exhibited a
significantly higher proportion of patients who were
cured (p=0.07) compared to the other groups.
Additionally, there was a significant change observed in
all parameters when compared to the baseline [34]. The
study known as "STAR" was designed to investigate the
efficacy and safety of adalimumab in individuals with
chronic RA who exhibited an inadequate response to
conventional anti-rheumatic therapies. The objective of
the study was to assess the effectiveness of adalimumab
as a therapeutic intervention for the aforementioned
medical condition. The primary outcomes of the study
were the incidence rates of side effects, major side
effects, severe or life-threatening side effects,
withdrawal-inducing side effects, infections, and serious
infections. The addition of adalimumab to the
conventional treatment for RA over a period of 24 weeks
demonstrated a high level of tolerability and a
significant reduction in the clinical manifestations of
RA. A dose of 40 mg of adalimumab was
subcutaneously administered biweekly. The efficacy and
safety of adalimumab as a therapeutic option were
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established through the analysis of outcomes in patients
with active RA who exhibited an inadequate response to
conventional anti-theumatic treatment [35]. Post-
marketing surveillance has revealed that the safety
profile of adalimumab is comparable to that of other
anti-rheumatic biologics. Additionally, there were no
unanticipated adverse drug reactions (ADRs) observed
that could have compromised the safety of adalimumab.
The research revealed a noteworthy association between
diabetes mellitus and heightened susceptibility to
various infections, ranging from mild to severe, along
with a possible reduction in the efficacy of adalimumab
treatment. As per the literature, it is recommended that
individuals diagnosed with both RA and diabetes
mellitus should receive adalimumab treatment while
maintaining strict adherence to infection control
protocols [36]. The incidence of adverse drug reactions
(ADRs) and the progression rate of the disease
subsequent to adalimumab therapy was found to be
comparable irrespective of whether the administration
of MTX was concomitant or the biological treatment
had been administered previously. However, a notable
disparity was observed in glucocorticoid-treated patients
when juxtaposed with those who had not undergone
such treatment, as evidenced by studies [36,37]. An open
prospective cohort study was conducted by Brazilian
researchers to investigate the effectiveness and safety of
adalimumab and etanercept in treating patients with
rheumatoid arthritis over a period of six and twelve
months. The Disease Activity Clinical Index, Health
Assessment Questionnaire, and EuroQol-5D were
utilized as assessment tools. The findings of the present
investigation indicate that adalimumab and etanercept
exhibit comparable levels of safety and efficacy in the
management of patients with RA [38]. The study
conducted by Burmester ef al. aimed to investigate the
efficacy and safety of adalimumab in patients with
active RA who had previously received at least one
DMARD treatment but did not achieve the intended
therapeutic outcome. The present study conducted a
comprehensive observational analysis to evaluate the
effectiveness and safety of adalimumab in routine
clinical practice. The findings revealed that the efficacy
and safety outcomes of adalimumab were consistent
with those reported in controlled trials. Moreover, the
safety profile of adalimumab remained unchanged
during the follow-up period of over five years. Notably,
adalimumab demonstrated sustained effectiveness
throughout the prolonged observation period, which is a
favorable outcome [39]. A multicenter, open-label,
prospective single-cohort study was conducted in
Canada to evaluate the safety and efficacy of
adalimumab for treating patients with RA in a clinical
context that reflected the Canadian standard of care. The
aim of the study was to determine the comparative
effectiveness of adalimumab and the conventional
treatment regimen in managing RA symptoms. The
study recruited a cohort of 879 participants, whose
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average disease duration exceeded 12 years. Out of the
total sample, 772 individuals (constituting 87.9% of the
sample) successfully fulfilled the requisite 12-week
participation period as mandated by the study. The
study's results indicate that the administration of
adalimumab therapy was associated with notable
enhancements in the clinical presentation of RA. These
improvements were observed as early as the fourth week
of treatment and endured for a substantial duration.
According to the incidence rates of unfavorable effects,
the categories of unfavorable effects that transpired, and
the results of laboratory assessments, it was
demonstrated that adalimumab exhibited a general
profile of safety and tolerability [40]. The findings of a
real-world study investigating the long-term persistency
and effectiveness of adalimumab in the treatment of RA
patients led researchers to conclude that the medication
demonstrated sustained effectiveness and long-term
control in patients who adhered to the treatment regimen
for the entire 10-year treatment period [41]. Flouri et al.
conducted an evaluation of the efficacy, drug survival,
and safety profiles of three anti-TNF medications
(namely, infliximab, adalimumab, and etanercept) in a
sizable cohort of RA patients from various regions of the
world. The comparability of response rates among the
drugs was observed in this study. Nevertheless, the drug
survival rates for infliximab, adalimumab, and
etanercept after a period of five years were 31%, 43%,
and 49%, respectively. The results indicate that
Adalimumab (odds ratio 0.62; range: 0.38—1.00) and
etanercept (odds ratio 0.39; range: 0.21-0.72) exhibited
a reduced occurrence of severe infections in comparison
to infliximab. [42]. Prospective clinical research has
demonstrated the efficacy and safety of fully human
recombinant adalimumab in treating patients with RA,
particularly those who have not responded to
conventional anti-TNF drugs [43]. Horneff er al.
conducted a multinational open-label study spanning 12
weeks to investigate the achievement of remission
and/or low disease activity in RA patients who were
administered adalimumab. The study findings revealed
that clinical remission was observed in around 33% of
patients with active RA who were receiving adalimumab
therapy. The aforementioned discovery suggests that
individuals who suffer from active RA exhibit a
favorable response to adalimumab treatment [44]. The
recommended dose of adalimumab for adults is 40 mg
to be administered biweekly. In the event of a
requirement, the aforementioned dose may be escalated
to 40 mg on a weekly basis. Alternatively, it may be
increased to 80 mg biweekly. In cases where there is no
observed improvement following a 12-week treatment
regimen, it is recommended that dosage adjustments be
limited to individuals receiving adalimumab
monotherapy [45].

Immunogenicity of Adalimumab
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It is nonetheless extremely concerning that people with
RA are unable to respond to TNF inhibitors regularly.
Although some patients report a primary response
failure in lowering their symptoms, other patients
experience medication resistance and are exposed to
secondary loss of response. In this regard, another TNF
inhibitor can routinely administered to patients who are
not responding to one treatment, however, there is little
evidence from clinical trials to support this practice.
Switching to a different class of medicine may be the
best line of action if the currently used TNF inhibitor
does not yield enough results or if there are equivalent
tolerability issues [46]. Adalimumab (Humira®; Abbott
Laboratories) was manufactured genetically by
mimicking naturally occurring human immunoglobulin
G1 (IgG1) utilizing phage display technology. It is
physically and functionally identical to normal human
IgG1 in the human body since it only comprises amino
acid sequences from the human germline [20].
Additionally, adalimumab has a terminal half-life of
around two weeks, the same as that of human IgG1. It
acts by inhibiting TNF-o from interacting with the p55
and p75 TNF cell surface receptors, among others [47].
Accordingly, adalimumab is thought to have a lesser
immunogenic potential than chimeric proteins due to
being a totally human immunoglobulin [48]. There has
been speculation in the past that human anti-human
antibodies may also develop in response to adalimumab,
despite the scant information that is currently available.
Adalimumab monotherapy at a dose of 40 mg every
other week was reported to be effective in 12% of RA
patients who had anti-adalimumab antibodies [49].
Radioimmunoassay was performed by many researchers
to identify anti-drug antibodies in RA patients receiving
adalimumab therapy [50,34,51]. A prospective cohort
trial lasting 28 weeks found that 17% of RA patients
produced anti-adalimumab antibodies, and a decrease in
disease activity was linked to the existence of these
antibodies. In contrast to the use of concurrent MTX,
which was linked to a lower rate of antibody generation
(12%), adalimumab monotherapy was related to a
higher rate of antibody development (38%) [34].
Adalimumab was used as the treatment when infliximab
failed to provide any results, which increased the drug's
immunogenicity [51]. Anti-adalimumab antibodies
were more likely to form in patients (33/52) who had
previously produced anti-infliximab antibodies than
they were in patients (63%) who were anti-TNF naive.
Therefore, compared to patients who did not produce
anti-adalimumab antibodies, these patients were less
likely to respond to adalimumab. However, 89% of
individuals who did not have adalimumab anti-drug
antibodies also used MTX concurrently. Compared to
the 54% of patients who did develop anti-adalimumab
antibodies, this figure was noticeably greater. The same
team also assessed how immunogenicity affected 272
RA patients on long-term adalimumab treatment. Over
the course of three years, they discovered that 28% of
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patients acquired anti-drug antibodies, with the majority
doing so during the first six months of therapy. Anti-
drug antibodies were discovered to be strongly related
to greater rates of drug withdrawal as a result of
ineffective therapy, poorer rates of remission, and a
lower likelihood of minimal disease activity [50]. At
baseline, there was a significantly lower risk of
concurrent MTX use and a significantly lower mean
dose in patients who developed anti-adalimumab
antibodies over the course of the study. Other DMARDSs
were not related to this impact when used concurrently,
but their usage was significantly less common.
Additionally, there was no appreciable distinction
between individuals who acquired anti-drug antibodies
and those who did not in terms of prednisolone dosage
or amount administered. In a group of patients who
showed a definite dose-dependent association with
MTX as well as a decrease in the production of anti-drug
antibodies, Krieckaert et al. looked deeper into the
relationship  between immunogenicity and the
effectiveness of drugs [52]. The baseline MTX dose was
used to stratify the RA patients (n = 272) in the
adalimumab cohort. The number of patients who
received no concurrent MTX (n = 70), a low dose of
MTX between 5 and 10 mg/week (n = 40), an
intermediate dose of MTX between 12.5 and 20
mg/week (n = 54), or a high dose of MTX beyond 22.5
mg/week (n = 108) was provided to these patients.
Compared to patients who weren't treated, those who
received MTX had a decreased incidence of generating
anti-drug antibodies. The percentage of patients who
produced anti-drug antibodies was shown to be
inversely correlated with the dose of MTX administered,;
the group receiving a dose of less than 22.5 mg/week
had the lowest percentage of patients who became
immunogenic. Additionally, it is probable that a sizable
percentage of RA patients receiving adalimumab
treatment would lose their initial response. When a
person generates anti-adalimumab autoantibodies, this
might lead to insufficient therapeutic benefits or
increased adverse effects [34]. The link between
antidrug antibodies and the therapeutic response to
adalimumab and etanercept, as well as the blood trough
levels of these drugs, was examined in a study
conducted by Chen and colleagues. It was discovered
that antidrug antibodies were associated with decreased
EULAR (European League Against Rheumatism)
responses. The researchers came to the conclusion that
tracking drug levels is a useful way to assess how anti-
TNF drugs are influencing the patient's response to
therapy [38]. The most likely explanations for these
observations in individuals who were not responding
well to the medication were immunological
complexation between adalimumab and anti-
adalimumab and increased clearance [48].

Genetic Polymorphisms and the Response to
Adalimumab
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The introduction of biological anti-TNF medication has
drastically changed how RA is managed. Anti-TNF
medication therapy has been shown to be helpful in
reducing the degree of tissue and joint long-term
damage as well as in reducing inflammation [53].
Nevertheless, despite the fact that TNF-o medications
have been shown to have therapeutic efficacy, about
25% of patients exhibit either an insufficient response or
none at all [54]. The constant portion of biological
agents, the Fc fragment of 1gG1, which precisely binds
to the human FcG receptors (FCGRs), and their variable
portion, which is designed to block the target molecule,
are what give biological agents their pharmacological
effects [55,56]. FCGRs are present on the surface of the
majority of immune cells. A number of cellular
processes, including phagocytosis, antibody-dependent
cellular cytotoxicity, activation of apoptosis, cytokine
production, and macrophage-mediated clearance of
immune complexes, may be impacted by TNF
antagonists' engagement of FcGRs [57]. Numerous
candidate gene investigations have convinced scientists
that the heterogeneity of the FCGR is a necessary
condition for the anti-TNF therapeutic response [58,59].
In fact, it is well known that the FcGR2A and FCGR3A
subclasses are also subject to genetic variations that can
result in varying degrees of ligand binding. The
extracellular Fc-binding region of the FCGR contains
each of these polymorphisms, and as a result, they each
affect the affinity with which the FCGR interacts with
the different 1gG subclasses [60], which may have an
impact on the clearance of immune complexes [61].

Polymorphism of human Fc fragment of IgGl
receptors (FCGR)

The pharmacological effects of biological medication
are a result of both the variable portion of this
medication, which is intended to inhibit the target
molecule, and the constant portion of biological agents,
which is the Fc fragment of IgG1 that binds specifically
to human Fc fragments of 1gG receptors [62]. FCGRs are
present on the surface of the vast majority of immune
cells. A number of diverse cellular processes, including
phagocytosis, antibody-dependent cellular cytotoxicity,
the induction of apoptosis, the production of cytokines,
and macrophage-mediated clearance of immune
complexes, may be impacted by the interaction of
FcGRs with TNF -inhibitors [63]. In order to determine
whether FCGR genetic variations might be a predictor of
adalimumab effectiveness in RA patients, Fajardo and
associates conducted a study that compared the allelic
frequencies of responders with those of non-responders.
They found that the presence of the FCGR2A*R allele
was associated with an EULAR excellent response at 14
weeks. Additionally, there was no discernible link
between FCGR3A and a favorable response or remission
of the illness. There is some proof that FcGR
polymorphisms can be employed to forecast the efficacy
of adalimumab in RA patients [64]. A functional
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polymorphism in FCGR2A H131R and a patient's
response to treatment with Fc-containing inhibitors of
TNF-a (infliximab, etanercept, and adalimumab) were
the subjects of a separate study by Montes et al. The
results show that there is no relationship between the
FCGR2A H131R polymorphism and how well a patient
reacts to adalimumab therapy [65]. In a separate study,
Tutuncu et al. investigated the relationship between
polymorphisms in the FcGR3A-158 and clinical
efficacy in RA and PsA patients receiving adalimumab,
etanercept, and infliximab therapy. The distribution of
the alleles among people who are exceptional
responders is as follows, according to the study's
findings: F/F: 48, V/F: 13, and V/F: 38 percent. The
distribution of the alleles among people who did not take
part in the study was as follows: 0% for F/F, 8% for V/V,
and 92% for V/F. The homozygous low-affinity F/F
genotype was found to be strongly associated with
responses to TNF inhibitor therapy. These results
suggest that FcGR3A-158 polymorphisms may
influence the efficacy of TNF-blocking medications
[66].

Transcriptional biomarker (CD11c) polymorphism

There was a substantial association between the levels
of disease activity and the expression of monocyte-
related genes prior to patients starting therapy with a
new DMARD (either MTX or an anti-TNF drug). IFN
and TNF, in turn, significantly influence the various
gene expression profiles that monocytes in RA produce
[67]. The emergence of RA is caused by these gene
expression profiles. According to research, even a single
biomarker on monocytes may be adequate to measure
disease activity and forecast responsiveness to anti-TNF
biologics, such as CD11c in RA [68]. Additionally, it
was found that patients with RA had differing
frequencies of classical, intermediate, and non-classical
blood monocytes compared to healthy donors [69].
Given their significant involvement in the RA
pathological processes that are especially susceptible to
anti-TNF, it appeared advantageous to look into
enriched monocytes in this regard [70]. This is due to
the significant role that monocytes play in these
processes. In general, this hypothesis offers proof-of-
concept for the possibility that stringent purification
combined with genome-wide analysis of important cell
types in the easily accessible blood compartment (i.e.,
monocytes) may be a successful method for discovering
functionally relevant biomarkers so that exposure to
biologicals can be restricted to therapy responders. This
is significant because it enables the selective targeting of
biological exposure to patients who will benefit from the
treatment. To prove that future responders to
adalimumab monotherapy will experience it, larger
studies involving other anti-TNF biologics and
treatment methods targeting other targets must confirm
the predictive usefulness of CD11c [68]. Data collected
revealed that CD11c is expressed on the surface of
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human monocytes as well as other myelomonocytic
lineage cells (such dendritic cells), and that the amount
of this protein is markedly increased in RA monocytes.
The presence of CD11c on the surface of these cells
served as confirmation, because the complement
component 3 receptor 4 subunit and the CD11c form of
the Integrin-X protein both have expertise in
inflammation and cell attachment [71]. Since monocytes
are crucial to the pathophysiology of RA, to the best of
our knowledge, Stuhlmiiller et al. has looked into the
increased monocyte transcriptional biomarker (CD11c).
The results (100% sensitivity; 91.7% specificity; 99.6%
power; P=0.01) demonstrated an increase in CD11lc
expression in patients who reacted to adalimumab.
Pretherapy CD11c levels and the ACR response criteria
showed a substantial association (r=0.656, P=0.0001)
[68].

Protein tyrosine phosphatase
(PTPN22) genetic polymorphism

non-receptor-22

Numerous biological predisposing variables, including
genetic elements, have been identified to contribute to
RA susceptibility [72]. In this context, 30-50% and
23%, respectively, of the genetic load of RA are
attributed to the human leukocyte antigen (HLA) locus
and non-HLA genes, such as the PTPN22 gene [73]. The
PTPN22 gene is one example of a non-HLA gene. In
order to stop T cells from spontaneously activating, a
family of enzymes known as protein tyrosine
phosphatases dephosphorylate and inactivate T cell
antigen receptor-associated kinases and other substrates.
A member of this family of enzymes is PTPN22.
Therefore, any alteration to the PTPN22 gene may have
an impact on its products and functions [74]. One of the
many single nucleotide polymorphisms (SNPs) in the
PTPN22 gene is the C-to-T mutation at position 1858
(1858C/T), which has been associated with a higher
chance of developing RA [75]. The PTPN22 gene is
currently thought to be one of the most important
inherited risk factors that can result in the emergence of
autoimmune illness. There is proof that inheriting the
PTPN22 gene raises your risk of contracting a variety of
autoimmune illnesses [76]. The early functional
influence of PTPN22 in autoimmune diseases was
investigated by genetic association studies. C1858T,
rs2476601, a missense SNP, were discovered to be
substantially correlated with RA [77]. In a sizable,
multicenter cohort study conducted in the UK, the
relationship between the PTPN22 620W (C1858T)
polymorphism and clinical response to anti-TNF
medications  (infliximab and adalimumab) was
examined. Participants with RA who were using the
anti-TNF medications infliximab and adalimumab were
included in this trial. According to the results, there is
no link between the presence of the PTPN22 gene
variation, which raises the chance of developing RA,
and the response to adalimumab treatment [78].
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TNF-0-308 G/A

polymorphism

(rs1800629) promoter

More and more emphasis is being paid to the single
nucleotide polymorphisms (SNPs) discovered in the
TNF-a promoter. The most extensive study has focused
on the G-to-A transition at position 308 (rs1800629)
[79]. The precise mechanism by which the SNP at TNF-
a-308G/A is related to autoimmune illnesses like RA,
however, has not been satisfactorily demonstrated. One
of the biggest challenges to treating RA is the emergence
of drug resistance to traditional treatments [80]. A
number of TNF-a-targeting therapies (like adalimumab)
have been launched in the treatment of RA and have
demonstrated efficacy on the basis of the notion that
excessive TNF-a buildup may have harmful effects [81].
Despite the possibility of severe side effects, 40-60% of
patients did not respond to TNF-alpha inhibitors [82].
These severe negative effects include the possibility of
life-threatening infections and perhaps cancer. The
effectiveness of anti-TNF-o. medication should be
assessed using biomarkers that take into account the
particular traits of each patient. Other studies [83,84]
have demonstrated that TNF-a-308G/A is a highly
accurate predictor of responsiveness to TNF-a
inhibitors. The G/A polymorphism at position 308 of the
TNF-a promoter gene has been reported to be the most
strongly associated with both the risk of developing RA
and the severity of the disease [85], and polymorphisms
in the TNF-a promoter region have been linked to
individual variations in TNF production [86]. The first
study to examine the effect of the -308 G/A
polymorphism in the TNF-alpha promoter on the
clinical response of RA patients receiving adalimumab
medication was conducted by Cuchacovich and
colleagues. To ascertain if 81 RA patients possessed the
polymorphism 308 G/A, they underwent genotyping.
The proportion of individuals in the GG genotype group
who reacted favorably to adalimumab at 24 weeks was
substantially greater than the proportion of individuals
in the GA genotype group (68%). Additionally, the GG
genotype group improved their average DAS28 score
more than the GA genotype group [87]. Seitz et al.
looked into whether the -308 G/A polymorphism of the
TNF-alpha promoter affects the therapeutic response to
anti-TNF-a medication that includes adalimumab in the
treatment of 54 RA patients, in keeping with the results
of the prior study. The GG genotype showed a larger
average improvement in DAS28 score than the GA
genotype after receiving anti-TNF-o. medication for 24
weeks. These results showed that RA patients with GG
TNF-0-308 genotype responded better to anti-TNF-o
medication than RA patients with AA or GA genotype
[88]. In addition, O'Rielly et al. performed a meta-
analysis of the TNF-a 308 G/A polymorphism, which
indicated that individuals with RA on adalimumab
would not respond well to TNF-a inhibitors. The odds
ratio for possessing the A allele status was found to be
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considerably lower in survey respondents (OR: 0.43; ClI
95%: 0.28-0.65; P = 0.000245) [89].

TNF-a Receptor 2 (TNFR2) Polymorphism

A pleiotropic cytokine called TNF-a is crucial for
modulating a number of immunological processes, such
as inflammation, the control of apoptosis and necrosis,
and the generation of cytotoxicity [90]. It can
communicate through either type | (CD120a,
TNFRSF1A) or type Il (CD120b, TNFRSF1B)
membrane-bound receptors, which are both capable of
inducing a number of distinct immune responses [91].
Compared to type 2 TNF-a receptors (TNFR2), which
are mostly found on immune system cells, type 1 TNF-
a receptors (TNFR1) are more common and expressed
on all cell types [92]. Proliferation induction and
apoptosis induction via a death domain-independent
mechanism are the primary functions of TNFR2, which
is primarily activated by membrane-bound TNF-a [93].
Numerous polymorphisms have been discovered in the
TNFR2 and TNF genes, and it has been researched
whether there is a connection between these variants and
RA [94]. Ongaro et al. studied 105 RA patients who had
received anti-TNF therapy with adalimumab for a
duration of one year in accordance with ACR criteria to
see if polymorphisms in the TNFR2 gene at position 676
T/G could affect their clinical response. After receiving
adalimumab therapy for three to six months, individuals
with the TG genotype had roughly a threefold higher
likelihood of developing into good responders than
patients with the TT genotype. Additionally, the
presence of a single G allele, as in the GT genotype, is
linked to a less responsive phenotype during
adalimumab treatment. Comparatively speaking, the GG
genotype is linked to a more responsive phenotype [95].
TNF-a receptors can exist as soluble proteins in addition
to their membrane-bound forms, which are produced
from the membrane-bound form by the proteolytic
operations of the disintegrin metalloproteinase TNF-a
converting enzyme [96]. Many different types of cells
include soluble TNF-a receptors. The soluble variations
retain their ability to bind to ligands after cleavage [97],
and by engulfing soluble forms of the protein, they may
function as natural inhibitors of TNF-a. Therefore, it is
plausible that reduced amounts of soluble TNFRs in
individuals with the G allele may encourage the binding
of TNF-a to its membrane receptor, decreasing the
effectiveness of anti-TNF-a therapy. This is due to the
fact that TNF-a prefers to bind to its membrane receptor
at lower concentrations of soluble TNFRs [98]. From
this perspective, the genetic mutation known as TNFR2
676T>G has the ability to influence the disease's
eventual prognosis as well as the body's response to anti-
TNF-o therapy. A poorer response to anti-TNF-a
therapy and TNFR2 676T>G are associated, but it is
impossible to rule out the possibility that there are other
ramifications [99]. Moreover, the identification of gene
mutation might be a valuable addition to the regional
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databases on rare genetic variant, although a functional
analysis should be performed to explain its pathological
consequences [100]. An overview of some research that
evaluate the effectiveness, safety, and factors
influencing the clinical response to adalimumab is
included in Table 1.

CONCLUSION

This study presented an overview of how effectively
adalimumab works and how safe it is for patients with
RA, compiling the majority of the evidence that is
currently accessible. Finding methods to manage RA has
drawn more attention in recent years. This prompted a
number of studies in which patients with RA were
exposed to various therapies. The quality of life for those
who have the disease has significantly improved, despite
the fact that there is no cure. Understanding the
parameters that define the safe and effective use of
adalimumab in RA as well as the causes of response
variability would help to considerably increase the
clinical efficacy of adalimumab in the treatment of RA.
To assess appropriate dose protocols and make sure that
the advantages of the extra medication outweigh the
hazards of further long-term immunosuppression, more
longitudinal data are required. Future adalimumab dose
optimization in future RA patients who may have a
genetic predisposition that makes them prone to
immunogenicity could lead to anti-TNF dose reductions
in those who achieve remission. Adalimumab treatment
has the potential to prolong drug survival and prevent
secondary non-response, which could have a significant
financial impact and benefit patients by extending the
time they are free from their disease for those who
initially responded well to monoclonal-based therapies.
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Table 1: Studies that assess the efficacy, safety, and variables affecting the clinical response to adalimumab.

Factors influencing response

Ao e Design and treatment Main outcomes

year
Navarro- A cross-sectional study was conducted in California,  After 6 months, there was no difference in
Millan et al., USA. From October 2010 to August 2022, 267 RA patient-reported  outcomes  between
2016 [32] patients were given etanercept and adalimumab. etanercept and adalimumab users.

A retrospective and prospective data analysis of 504 Many rheumatology practices
Curtis et al., and 3326 patients using etanercept and adalimumab  underestimate the prevalence of ISBS.
2011 [101] in the USA was performed to determine the

prevalence of infusion-site burning and stinging.
Davila- In ?014, a prospective §tudy ‘of 302 Dutch‘ RA At 14 weeks, the presence of_ the
Fajardo et patients was c_onducted to investigate the potgntlalof FcGR2A*R allele was associated with a
al. 2015 FCGR  genetic _polymorphlsms as a predictor of  good response to EULAR. FCGR3A had
[61] adalimumab efficacy. no significant . a_ssouatlon with good

response or remission.

A prospective study of 30 RA patients in California ~ TNF-blocking agent treatment outcomes
Tutuncu et was conducted to determine whether Fc RIIA may be influenced by Fc RIIIA-158
al., 2005 polymorphisms  correlate with anti-TNF agent  polymorphisms.
[66] efficacy (infliximab, etanercept, and adalimumab).

A prospective study in Taiwan examined the  The positive correlation between drug
Chenetal relationships between ADAb and' therapeutic Ievel§ Aand DAS28  suggests that
2015 [38] " response, ADAb and serum drug nadir Igvels, and monitoring would bg bgneflual for

serum levels and therapeutic responses in 36 RA  assessing the therapeutic efficacy of TNF-

patients receiving adalimumab or etanercept. a inhibitors.

In the Netherlands, a prospective case-control study Patients with ADAb improved less in
Bartelds et of 212 RA patients was conducted to assess the DAS28. During follow-up, patients with
al., 2007 incidence of ADAb formation against adalimumab ADAb had lower serum adalimumab
[34] and its relationship with serum adalimumab levels levels.

and response.

In 2007, prospective study on 388 French RA  TNF locus revealed that
Miceli- patients to determine whether TNF gene the GGC haplotype (~238G/A308G/-
Richard et polymorphisms and/or the shared epitope are genetic ~ 857C) in a homozygous form was
al., 2008 predictors of response to adalimumab. significantly associated with a lower
[102] ACR50 response to adalimumab at 12

weeks.

A prospective study of 54 RA patients in TNF A308 G/G genotypes respond better

Switzerland using adalimumab to see if a G-to-A  to anti-TNF treatment than A/A or A/IG
Seitz et al., polymorphism at position A308 in the TNF gene genotypes.
2007 [88] promoter influences the therapeutic response to

TNF-blockers.
Canhéo et A Spanish prospective study (2010-2011) on 265 In the southern European population, there
al., 2015 RA patients assessed the association of the PTPRC is no link between PTPRC and anti-TNF
[103] locus with response to anti-TNF treatment. response.

A retrospective cohort study compared the outcomes A higher DAS28-CRP before treatment
Ochi etal., of 1613 Japanese RA patients (2003-2019) who  was a risk factor for a poor response but
2020 [104] responded differently to initial TNF inhibitor  not for a good response.

treatment.

. A randomized, double-blind, placebo-controlled  Responses were rapid in the vast majority
Weinblatt et study was conducted in 271 Canadian and US RA  of adalimumab-treated patients after 1
al., 2003 patients to assess the efficacy and safety of  week. Adalimumab was safe and well
[17] adalimumab in combination with MTX. tolerated.

A prospective study was conducted on 909 RA In the anti-TNF-treated subgroups, a total
Potter et al patients in the United Kingdom (2010) to determine of 187 SNPs were linked to Tesponse.

N the effect of genetic variation within TLR and NFkB Twelve SNPs spread across nine genes
2010 [105] genes on response to anti-TNF treatment. were linked to treatment response (DAS28
and/or EULAR).

A multi-center, randomized, double-blind, placebo-  Adalimumab plus MTX is effective and
Pouw etal., controlled clinical trial on 302 Chinese RA patients  has increased the response rate.
2015 [18] was conducted in 2009 to investigate the efficacy

and safety of adalimumab plus MTX.

A double-blind, randomized trial involving 636 RA  The use of 40 mg of adalimumab every
Furst et al., patients from the United States and Canada was  other week with standard anti-rheumatic
2003 [106] conducted in 2003 to assess the safety and efficacy  therapy is well tolerated and improves RA

of 40mg adalimumab. symptoms.

A prospective observational study compared the After the first six months of treatment, the
Popescu et efficacy and safety of biosimilar and brand  biosimilar adalimumab showed similar
al., 2022 adalimumab in 441 Romanian RA patients (2019-  efficacy and safety to the brand-name
[107] 2022). drug.

Genovese et

Adalimumab's safety and efficacy were assessed in
a placebo-controlled, double-blind, randomized,

Adalimumab is well tolerated and, after 12
weeks, significantly improved the signs,

Adalimumab has linear pharmacokinetic
properties. The mean apparent terminal
half-life of adalimumab after a single IV

?1682]007 multicenter study of 100 Canadian and US patients symptoms, and disability.
with active psoriatic arthritis in 2003-2004.
Adalimumab efficacy, pharmacokinetics, and safety

Weisman et profile were evaluated in 60 RA patients from the

al., 2003 United States and Canada in a phase | randomized

[31] dose-titration study.

dose ranged from 15 to 19 days across the
five dose groups.

Adalimumab users reported 3.2 times more infusion-site burning and
stinging than etanercept users.

ISBS was common in patients receiving etanercept or adalimumab (56%
and 61%, respectively), and the prevalence of ISBS is likely to be
underestimated in many rheumatology practices.

FcGR2A (R131>H; rs1801274) and FCGR3A (F158>V; rs396991) genetic
variants, as well as FcGR polymorphisms, may influence adalimumab
efficacy in RA patients.

Homozygous (F/F) accounts for 31.5%, V/V accounts for 11.5%, and V/F
heterozygous (V/F) accounts for 57%. The following allele distributions
were found in extremely good responders: 48% for F/F, 13% for V/V, and
39% for V/F. The following alleles were distributed among non-responders:
0% for F/F, 8% for V/V, and 92% for V/F.

Response and drug levels were inversely proportional to ADAb levels
(more likely to have a poor EULAR response); 22.2% and 27.8% of 36
adalimumab-treated patients were positive for ADAb. To assess the efficacy
of TNF- inhibitors, drug monitoring would be helpful.

Serum adalimumab levels were higher in good responders than in moderate
and non-responders. Concomitant MTX use was lower in the ADAb group
(52% vs. 84%) than in the non-ADAb group.

single TNF locus haplotype (-238G/-308G/-857C), present on both
chromosomes is associated with a lower response to adalimumab in
combination with MTX.

Anti-TNF treatment was ineffective in all patients with the A/A genotype.
Good response was only seen in patients with the A308 G/G diplotype,
whereas moderate response was seen in 14/14 patients with the A308 A/G
genotype and unresponsiveness in 3/3 patients with the A308 AA diplotype.
DAS28 score improvement: A/A genotype 0.83; A/G genotype 1.50; G/G
genotype 2.72.

TRAF1/C5 RA risk variants may have an impact on anti-TNF treatment
response.

To fully understand the etiology and risk factors for bDMARDs
refractoriness, response to bDMARDSs should be assessed separately.

Adding 20, 40, and 80 mg of adalimumab every other week to long-term
MTX therapy in patients with active RA provided significant, rapid, and
sustained improvement in disease activity over 24 weeks when compared
to MTX plus placebo.

A total of 187 SNPs were linked to response in the anti-TNF-treated
subgroups. Twelve SNPs in nine genes were found to be associated with
treatment response (DAS28 and/or EULAR).

Adalimumab improves the response rates for ACR20, ACR50, and ACR70
in the two treatment groups (40 and 80 mg adalimumab) from week 12 to
week 24.

After 24 weeks, there were no significant differences in the rates of serious
adverse events between the adalimumab and placebo groups.

According to Boolean results, there were no significant differences between
the brand and biosimilar adalimumab after six months of treatment (15.0%
vs. 12.3%, p = 0.401).

Response was achieved by 39% of adalimumab-treated patients versus 16%
in the placebo group (p =0.012).

Adalimumab produces a rapid response, with 22.2% of patients responding
within 24 hours of dosing. When compared to placebo plus MTX, the
addition of adalimumab produced a significantly longer-term improvement
in patients with active RA who did not respond adequately to MTX.

4.  Bradley JR. TNF-mediated inflammatory disease. J Pathol.
2008;214:149-160. doi: 10.1002/path.2287.

5. Gottenberg JE, Morel J, Perrodeau E, Bardin T, Combe B,
Dougados M, et al. Comparative effectiveness of rituximab,
abatacept, and tocilizumab in adults with rheumatoid arthritis

and inadequate response to TNF inhibitors: Prospective cohort
study. BMJ. 2019;364:17. doi: 10.1136/bm;.167.

6. Genovese MC, Fleischmann R, Kivitz A, Lee EB, Hoogstraten HV,
Kimura T, et al. Efficacy and safety of sarilumab in combination
with ¢csDMARDs or as monotherapy in subpopulations of
patients with moderately to severely active rheumatoid arthritis
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