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ARTICLE INFO ABSTRACT
Recently licensed synthetic small-molecule-focused anti-rheumatism that adapts
to sickness medication is called Tofacitinib. The medication was created to block
pro-inflammatory receptor signaling in a precise and selective manner. By
blocking the Janus kinases, Tofacitinib limits Inflammation is a distinct process
that biological medicines cannot address. Patients with medium-to-serious
active Rheumatoid Arthritis now have the option of receiving therapy with
Tofacitinib. Numerous clinical studies have demonstrated tofacitinib's
effectiveness. The drug stops the radiographic evolution of the illness. One
noteworthy aspect of tofacitinib's new mechanism of action is that it offers
patients who do not respond to current treatments hope for a successful course
of treatment. Rheumatoid arthritis (RA) is a chronic inflammatory disorder that
primarily affects joints. The molecular targets for the treatment of RA aim to
reduce inflammation, halt disease progression, and manage symptoms these
include Tumour Necrosis Factor-alpha (TNF-a), Interleukin-6 (IL-6),
Interleukin-1 (IL-1), Interleukin-1 (IL-1), T-cell Co-stimulation. B-cell Depletion,
Interleukin-17 (IL-17), Granulocyte-macrophage colony-stimulating factor (GM-
CSF), HLA-DRB1, PTPN22, STAT4, PADI4, IL2RA, CTLA4, IRAK1, TNFAIP3,
BLK, Potential Therapeutic Approaches, Gene Therapy: Modifying expression or
correcting mutations in these genes., Targeted Drugs: Developing drugs that
specifically modulate the activity of proteins encoded by these genes, designing
biologic agents that interact with the gene products involved in RA pathogenesis.

Keywords: Tofacitinib, Rheumatoid Arthritis, Tumour Necrosis Factor-alpha,),
Interleukin-1, B-cell Depletion

1. Introduction:

Rheumatoid arthritis (RA) is a chronic systemic inflammatory illness that is autoimmune-based. The etiology
of RA is unknown. Treatment approaches for RA have advanced significantly in the last 20 years. The advent
of biological drugs, the improvement of general treatment principles, and the creation of therapeutic
techniques have all made this feasible. For individuals with RA, however, medicine is the cornerstone of an
incomplete treatment plan [1]. It has been shown that DMARDs, or disease-modifying anti-rheumatic
medications, prevent the deterioration of structural joints. The evaluation of disease activity serves as the
foundation for determining remission with a high degree of likelihood. To measure the severity of the
condition, composite disease activity indexes are employed. These indexes are not covered in this study; a
description of them may be obtained in handbooks. The main causes are the therapy's primary or secondary
inefficiency, as well as the patient's eventual development of intolerance. Additionally, the patient's attitude
(disregard, haphazard dosage reduction, etc.) can be connected to it [5, 6]. Since protein molecules make up
biological medications, their immunogenicity may lessen the therapeutic impact [7]. Moreover, a patient may
experience a distinct course of their illness. For example, some people develop "aggressive" inflammation,
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which worsens quickly and is poorly treated. For instance, up to 70% of RA patients do not achieve the
intended therapeutic objective while using conventional synthetic DMARDs [8]. About 25% of patients who
stop taking methotrexate do so due to test abnormalities, whereas adverse reactions cause about 60% of these
cases [9]. In 30—40% of cases, treatment does not lower disease activity as expected when biological drugs
are used. [5,6]

Fig 1: Rheumatoid Arthritis

1.1 Mechanism of Action Disease-Modifying Anti-rheumatic Drugs

Synthetic medications work indirectly on the metabolic pathways that trigger the activation of the immune
and inflammatory systems. There is still much to learn about these methods. By blocking the adenosine route,
methotrexate, a purine antagonist, reduces inflammation and, to a lesser extent, prevents cell influx that
damages joints structurally [14]. Pyrimidine antagonists include leflunomide and its active metabolite,
teriflunomide [15, 16]. Because activated lymphocytes need pyrimidine synthesis to start with in order to
divide, this prevents them from multiplying. There is no correlation between pyrimidine synthesis and the
proliferation of non-activated lymphocytes. The other commonly used synthetic DMARDs have poorly
understood mechanisms of action. Biological medications are "well-targeted" pain relievers. They locate in
inflammatory cells, adhere to the relevant receptor's extracellular domain, and start the process of escalating
the inflammation. For instance, certain biologics can inhibit sticky proteins or lower the quantity of immune-
competent cells. Since all biological drugs are made of cells, they all function in the extracellular
environment. They can only be administered parentally due to their protein composition.
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Fig 2: Mechanism of Action Disease-Modifying Antirheumatic Drugs

1.2. Tofacitinib as a drug with different Mechanism of Action

Tofacitinib is a synthetic, tiny-Particles targeted anti-rheumatic drug that alters disease. Its main objective
was to selectively and primarily block pro-inflammatory receptor signaling. Pro-inflammatory cytokines
which bind to certain effector cell receptors' extracellular domain, as was previously proven. Intracellular
receptor signal transmission ends in the cellular nucleus when transcription and specific gene expression
occur. This leads to the de novo creation of many inflammatory proteins, such as pro-inflammatory cytokines
and proteins, the induction of inflammatory angiogenesis, and so on. Intracellular signaling pathway gives
biological medications an additional way to impede the inflammatory process. Signaling through receptors is
a multi-step process. Consequently, the pair of Janus kinase molecules linked to the intracellular receptor
domain becomes active. Phosphorylation alters the structure of proteins, which allows them to interact with
other proteins that have the SH2 domain. (17) Dimers go to the nucleus of cells, where they start to express
and transcribe certain genes required for elevated inflammatory activity [18]. TYK2 (tyrosine kinase 2), JAK1,
JAK2, and JAK3 are the four Janus kinases that are now known to exist. The first meaning of "JAK" was "Just
another Kinase." The enzymes indicated above are made up of two different domains: a kinase domain that
catalyzes the process of phosphorylation and an inhibitory domain that stops it from happening [19].
Tofacitinib obstruct JAK1 and JAK3, which changes the signals from type I and II interferon receptors and
interleukin and alters the inflammatory and immunological responses. Additional immunological pathways
that may be involved in the pathophysiology of RA have been proposed [20]. In individuals with RA,
tofacitinib dramatically lowers inflammation. Over the course of the six-month treatment period, this effect
(a considerable drop in blood C-reactive protein levels) is evident as early as week two of medication. It
persists after stopping the medication for at least two weeks [17]. RA patients on tofacitinib exhibited lower
levels of circulating CD16/56+ NK cells. [17]. Furthermore, the medication raises the B-cell count while
having no effect on the quantity or subpopulations of T cells. Studies show that five years of tofacitinib use
results in a 25% reduction in CD4 and CD8 cell counts. There's no evidence linking these alterations to
infection rates. The levels of total serum immunoglobulin G, M, or A were unaffected by dacatinib treatment
[17]. On the other hand, patient compliance could affect how successful it is. As a result, the drug's special
extended-release (ER) formulation was created. (19)
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1.3. Tofacitinib in the treatment of Patients with Rheumatoid Arthritis

Oral tofacitinib 5 mg twice daily may be beneficial for adult patients in the European Union with clinical
studies such as ORAL SOLO and ORAL SYNC have shown that tofacitinib is well tolerated either on its own
or in combination with other cs DMARDSs such as methotrexate [22, 23].
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Fig 4: Tofacitinib in the treatment of Patients with Rheumatoid Arthritis
2. Efficacy of Monotherapy

The drug stops the radiographic evolution of the sickness. The second week of treatment was when the first
effects (ACR20) were noticeable. The combination of tofacitinib and methotrexate has not been
demonstrated to be a less effective oral treatment than adalimumab plus methotrexate. The subjects were
systematically to either 5 mg or 10 mg of Tofacitinib for duration of three months. Following that, for a
further three months, they received either a placebo or 10 mg of Tofacitinib. Primary aim (p < 0.001). 4.4%,
8.7%, and 5.6% of the population, respectively, had a DAS28-ESR < 2.6. The quality of life changed by -0.50
and -0.57 vs. -0.19 (p < 0.001), according to the HAQ-DI score.

2.1. Efficacy of Combination Treatment

ORAL SYNC searched the use of Tofacitinib in individuals with Rheumatoid Arthritis who either did not
respond adequately to biologics such as TNF-a antagonist or did not react to DMARDs (methotrexate and
other csDMARDs). Compared to 2.6% in the placebo group, 8.5% and 12.5% of the individuals, respectively,
had remission after six months. [26].

2.2, Inhibition of structural damage progression

Investigating the level of resist of radiographic disease increament in individuals who did not react well to
methotrexate was the aim of the oral scan. It was evaluated for tofacitinib doses of 5 mg and 10 mg in
conjunction along MTX. Tofa-citinib has been demonstrated in the study to slow the advancement in body
joint deterioration and to reduce disease action [27]. The goal of having tofacitinib-treated participants
exhibit a higher suppression of radiographic progression in comparison to control subjects was not met. The
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prolonged duration of the disease and the early onset of radiographic abnormalities may have contributed to
the little structural damage advancement in both groups.

2.3. Efficacy after failure the conventional synthetic Disease-Modifying Antirheumatic drugs
Randomly assigned to groups receiving tofacitinib were those in the placebo group who, by the third month,
did not show a 20% drop in the number of swollen or sensitive joints. In the sixth month, adalimumab
(47.2%), Tofacitinib (5 mg or 10 mg), and both had higher ACR20 rates than placebo (28.3%) [28]. In sick
people who didn’t give respond well to csDMARDs. Phase 111b/IV, double-blind, 12-month trial. Following a
six-month period, 39% of participants in the I group, 47% in the II group, and 45% in the adalimumab group
had achieved ACR50. The experiment found that the combination of tofacitinib and methotrexate did not
perform worse than the combination of methotrexate and adalimumab [26].

2.4. Efficacy after failure of biological Treatment

Examining the effectiveness of Tofacitinib in conjunction with methotrexate for sick person who had not
acknowledged to biological therapy with TNF-a inhibitors was the goal of the six-month ORAL STEP trial.
The study involved more than four hundred individuals. In individuals receiving tofacitinib at a higher dosage
at month three, 48% (64/133) achieved ACR20, as did 41.7% of participants take tofacitinib 5 mg bid
(56/133). 24.4% (32/131) of the methotrexate-treated patients reached ACR20. In 1.7%, 6.7%, and 8.8% of
cases, DAS28 was less than 2.6. With 4% of patients experiencing each, headache, nasopharyngitis, and
diarrhea were the most adverse effects. The study verified that in patients who didn’t give respond to
biological therapy with TNF-a inhibitors, Tofacitinib helped to create an early and excellent clinical response
[28]. However, only a tiny percentage of the patients in this cohort achieved clinical remission following such
a brief course of treatment.

2.5 Sustained Therapeutic Effects

Extended safety investigations validate both the safety profile demonstrated in significant clinical trials and
the ongoing effectiveness of tofacitinib. A study of 6194 tofacitinib-treated patients was reported by Cohen et
al. (2017) [29]. The outcomes of a different trial that evaluated tofacitinib's use in clinical practices over a
three-year period were released to the public in February 2018 [29]. 34,223 patient-years, or 9291 patients,
were included in the investigation. There didn't seem any changes to the medication's extended-term safety
profile or variations in safety between clinical practices and research.
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Diagram 5. Efficacy after failure of conventional syntjhetic Disease-Modifying Antirheumatic
drugs

3. The Role of Tofacitinib in Current Strategies

The American College of Rheumatology (ACR) altered its algorithm in 2015 [2] [31] The guidelines stress the
necessity of using methotrexate, the significance of promptly identifying rheumatoid arthritis, and the use of
sulfasalazine or leflunomide in circumstances in which methotrexate is not suitable.

If the medications employed in the first phase are not tolerated, a similar strategy is needed. One should be
aware of any signs that the disease is progressing "aggressively" and quickly in order to begin the second
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stage of therapy. Something similar is treated with a biological medication, and methotrexate is typically
maintained if well tolerated.

It can be used as a stand-alone medication or in combination with methotrexate. Like all previous stages, the
aim of this therapy phase is to attain low disease activity or remission before the scheduled six-month mark.
If the therapeutic aim is not reached, one should use a Janus kinase inhibitor or another biological drug. 2015
saw the introduction of the ACR treatment recommendations, one year earlier.

3.1 Tofacitinib Registry Observations

A number of registries, including the Swiss registry, the American Corona registry, and data from clinical
trials, provided information on tofacitinib, which was gathered and examined.

670 rheumatologists from 170 sites around the US provide data to the registry. The Corona Registry has
information on about 45,500 sick people and more than 153,000 patient years as of June 30, 2017. The US is
seeing an increase in the number of patients collects Tofacitinib, and the demographic makeup of these
individuals is similar to that of patients beginning biological therapy, according to the most recent figures
available. It is more typical to use Tofacitinib in monotherapy.

3.2 Safety Profile of Tofacitinib

The Defense profile of tofacitinib was evaluated in both published clinical studies and real-world scenarios.
At the ACR 2017 conference, analyses of tofacitinib use over a ten-year period were presented. Their results
supported information that had previously been gleaned from clinical research [30]. The safety profile
uncovered in clinical studies was most significantly verified by clinical practice. Based on data from the US
Corona Registry, the danger of TB, gastrointestinal perforation, cardiovascular events, neoplasms, and severe
infections is similar to that of biological therapy. [37]

The prevalence of Tofacitinib in herpes zoster infection cases was only marginally higher; however, the effect
varied by geography, with the lowest risk observed in Central and Eastern Europe and the highest risk in Asia
(Japan) . Moreover, over 90% of the cases involved only one dermatome, and the majorities (about 90%)
were simple, moderate instances. Just 8% of patients had to stop taking tofacitinib entirely, 40% had to stop
taking it for a brief period of time, and 40% were still required to take it. The majority of patients did not
need to stop using it. [39]

3.3 Childhood Side Effects

Adults and children experience Tofacitinib side effects differently in terms of frequency and kind. In one trial,
minor side effects were observed in 37% of patients receiving Tofacitinib during a 24-week period. Over the
course of the following twenty-four weeks, the majority of these side effects subsided after appearing during
the first six weeks of therapy [21]. Other adverse effects that were seen during the first six weeks were
headaches and increased alanine transaminase, both of which improved in the weeks that followed. One
negative effect that has been reported in several trials is anemia. Its frequency rose throughout the first
twenty-four weeks, from 3.7% at week six to 7.4% at week twenty-four.

From 3.7% at week six to 7.4% at week twenty-four, its frequency increased throughout the course of the first
twenty-four weeks [21, 22]. At the conclusion of the study, unresolved viral infections showed a customary
moderate negative impact [22]. Compared to adult patients, children who get long-term Tofacitinib treatment
experience fewer, milder side effects, many of which go away with time.

3.4 Adults Side Effects

Over 25% of people using tofacitinib for more than nine years’ experience major adverse effects, according to
several research; one study found that 23.1% of patients stopped their therapy as a result of these side effects
[18, 19].

Infection is the most frequent side effect for both little-dose (5 mg) and more amount-dose (10 mg)
tofacitinib; studies show that over 67% of patients had at least one infection while receiving therapy [18].

4. Interaction between Tofacitinib and different other Drugs

Co-administration of the CYP inducer rifampicin with Tofacitinib may result in a decrease in its
concentration. This is particularly important for people with latent tuberculosis who received anti-
mycobacteria treatment before beginning Tofacitinib. If Tofacitinib is started when rifampicin is being
delivered, then the lesser effectiveness of the normal dosage should be taken into contemplation. As
isoniazid and Tofacitinib do not interact, this statement does not apply to combination therapies. It is crucial
to emphasize that there is no evidence of methotrexate affecting the therapeutic levels of tofacitinib
pharmacokinetics. Similarly, Tofacitinib had no action on the drug movement of metformin .[17]

Chronic use of nephrotoxic drugs, such as methotrexate and NSAIDs, can cause renal failure in RA patients.
Research by Bae SH et al. showed that animals with renal failure had a much larger area under the drug
metabolism curve than control rats. [17]
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Conclusions

A new era of therapeutic choices has been made possible with the information of Tofacitinib for the therapy of
individuals with RA. According to research from 2014 and 2015, when traditional synthetic
therapeutic ameliorating. anti-rheumatic medication(s) prove ineffective or unacceptable, tofacitinib should
be started as part of the treatment plan.

The study data that are now accessible fully corroborate the reasoning behind the previously given
suggestion. These findings also suggest that the treatment's approved indications may be increased and that
it could be useful in the future for treating other illnesses.

Because of its exceptional method of action, tofacitinib offers patients who don't respond well to other drugs a
shot at effective therapy. The mode of administration is particularly important since it is an additional feature
that distinguishes the medication from biological therapy.
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