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Abstract: It is well known that fatigue is a highly disabling symptom commonly observed in inflammatory rheumatic diseases (IRDs).
Fatigue is strongly associated with a poor quality of life and seems to be an independent predictor of job loss and disability in patients with
different rheumatic diseases. Although the pathogenesis of fatigue remains unclear, indirect data suggest the cooperation of the immune
system, the central and autonomic nervous system, and the neuroendocrine system in the induction and sustainment of fatigue in chronic
diseases. Fatigue does not correspond with disease activity and its mechanism in IRDs. It is suggested that it may change over time and
vary between individuals. Abnormal production of pro-inflammatory cytokines such as interleukin-6 (IL-6), interferons (IFNs), granulo-
cyte-macrophage colony-stimulating factor (GM-CSF), TNF, IL-15, IL-17 play a role in both IRDs and subsequent fatigue development.
Some of these cytokines such as IL-6, IFNs, GM-CSF, and common gamma-chain cytokines (IL-15, IL-2, and IL-7) activate the Janus
Kinases (JAKs) family of intracellular tyrosine kinases. Therapy blocking JAKs (JAK inhibitors — JAKi) has been recently proven to be an
effective approach for IRDs treatment, more efficient in pain reduction than anti-TNF. Therefore, the administration of JAKi to IRDs
patients experiencing fatigue may find rational implications as a therapeutic modulator not only of disease inflammatory symptoms but also
fatigue with its components like pain and neuropsychiatric features as well. In this review, we demonstrate the latest information on the
mechanisms of fatigue in rheumatic diseases and the potential effect of JAKi on fatigue reduction.

Plain Language Summary

® JAKi block pro-inflammatory cytokines, decrease activation of IDO, diminish the effects of genetic polymorphism (particularly mediated
by IL-6 and IL-1p) as well as sickness behavior also connected with IL-1f expression, which result in fatigue and pain inhibition.

® [n patients treated with JAKI, it was observed that there was significantly greater improvement compared to placebo and MTX in
fatigue and pain reduction measured using PROs.

® Administration of JAKi (BARI+UPA) benefits over TNFi treatment in pain and fatigue reduction assessed by PtGA in RA patients.

® The effectiveness of fatigue reduction in PROs under recently approved JAKi still needs to be proven in clinical practice, especially
in selective and nonselective groups of JAKI.

Keywords: fatigue, JAK inhibitors, patient-reported outcomes, tofacitinib, baricitinib, upadacitinib

Introduction

Based on research data, fatigue appears in most chronic inflammatory diseases as well as cancer and some neurological
conditions." In chronic diseases, it can be described as pain, depression, sleep disturbances, reduced physical activities,
autonomic dysfunction, and hormonal disturbances,” Severe fatigue is observed in patients suffering from inflammatory
rheumatic diseases (IRDs) including axial spondyloarthritis (AS), psoriatic arthritis (PsA), rtheumatoid arthritis (RA),
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primary Sjogren syndrome (pSS), systemic lupus erythematosus (SLE), scleroderma, and osteoarthritis.* IRDs patients
describe fatigue as one of their most exhausting problems, and while there is a lack of common tools measuring fatigue
across IRDs, there is no established treatment of fatigue and the mechanism leading to its regulation is incompletely
understood.! It is possible that multiple mechanisms, which fluctuate over time and vary between individuals, can
participate in fatigue development.’

Fatigue is strongly associated with a much poorer quality of life. It is an independent predictor of job loss and disability in
patients with different rheumatic diseases, which creates substantial social and economic costs.**” Patients experiencing a level of
fatigue implicated in reduced quality of life determine 40-80% of all RA patient groups,® 50-75% of all AS, and 45-50% of all
PsA.>'” Interestingly, fatigue and well-being were ranked by patients as the most important issues after pain and independence
above joint symptoms. Although the actiology of IRDs is unknown, it has been proved that the balance between pro- and anti-
inflammatory cytokines plays a fundamental role in disease progression and chronic fatigue maintenance. In particular, pro-
inflammatory cytokines that signal through Janus Kinases (JAKSs) family of intracellular tyrosine kinases are essential in these
processes.

In mammals, there are 4 members of the JAK family: JAK1, JAK2, JAK3, and Tyrosine Kinase 2 (TYK2). Activation
of JAKs resulted in downstream phosphorylation of various isoforms of Signal Transducers and Activators of
Transcription (STAT) proteins and their translocation into the nucleus as STATs dimers, where they alter the expression
of cytokine-responsive genes.'' This system is known as the JAK-STAT pathway and often leads to the proliferation and/
or differentiation of the immune cells, takes part in processes of immunity development (including cytokines release),
cell division, and cell death, as well as tumour formation. JAK inhibitors (JAKi) competitively bind to the ATP-binding
site of JAKs and suppress the JAKs activity, thereby inhibiting cytokine signal transduction and cytokine action.
Presently, JAKi therapy is one of the most effective treatments of disease symptoms and pain for IRDs patients not
responding to other biologic disease-modifying anti-theumatic drugs (bDMARDs), including anti-TNF therapy.'?
Therefore, the administration of JAKi to IRDs patients experiencing fatigue may find rational implications as
a therapeutic modulator not only of RA symptoms but also fatigue with its components like pain and neuropsychiatric
features. In this review we analyze the data concerning fatigue improvement after JAKi treatment in IRDs. The
mechanisms of different aspects of fatigue development and its possible control by JAKi treatment have also been
proposed.

Potential Mechanism of Fatigue

The inflammation-induced fatigue has been well proved in animal and human studies in IRDs.*'*'* However, higher
concentrations of pro-inflammatory cytokines in patients with rheumatic diseases did not correspond with worse fatigue in
RA." There was no relationship between fatigue and validated disease activity scores in RA (like DAS28),"” although it often
shadows disease flare.'? Interestingly, the time needed to improve fatigue was the same in the early and established disease phase.
However, if fatigue becomes chronic, the chances for significant improvement are less likely.'> Medical interventions for RA
aiming at fatigue as a primary or secondary outcome have shown that bDMARD:s, including anti-TNF agents, rituximab,
tocilizumab, canakinumab, abatacept, and anti-IFN-y, reduced fatigue in a similar proportion in patients suffering from active RA
as compared with placebo.'®'” However, it remains elusive if the fatigue improvement results from reduced inflammation and
disease activity or is mediated by other mechanisms.® Inflammation may play a pivotal role in initiating fatigue response, but
there is no evidence that it takes part in the maintenance of fatigue in the chronic phase of the disease. Psychosocial factors seem
to play a certain role in the mechanism of fatigue development, but increasing data support the genetic and molecular basis of that
process.' There are models explaining fatigue as evolutionary, complex, and automated behaviour increasing the probability of
survival during “danger” like infection or injury.'® The “sickness behaviour” investigated in animals is characterized by
inactivity, demotivation, and withdrawal. It is signalled by IL-1p in the brain and resembles chronic fatigue in humans.' JAKi,
at least baricitinib (BARI), was shown to decrease IL-1p and TNF (indirectly), thus intervening in the mechanism of fatigue.'’

Oxidative Stress
Inflammation might result in metabolic disturbances, including oxidative and nitrosative stress (Figure 1). Oxidative
stress takes part when reactive oxygen species (ROS), produced by innate immune cells during the inflammation,

3950 e Journal of Inflammation Research 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Felis-Giemza et al

dominate over antioxidant defenses. Oxidative and nitrosative stress, mitochondrial dysfunctions together with activated
immune-inflammatory pathways and brain metabolic disorders are involved in the pathophysiology of severe fatigue.?’
Data presented by Surowiec et al have shown that the metabolic profile of plasma carries information about the severity
of fatigue and seems to be independent of inflammation (measured as C-reactive protein; CRP), disease activity
(measured as Disease Activity Score; DAS28), and presence of other disease-related factors like anti-cyclic citrullinated
peptide (anti-CCP) or rheumatoid factor (RF).! The metabolomic study of fatigue has shown its strong associations with
biochemical patterns connected with oxidative stress as increased fatigue correlated with a metabolic pattern character-
ized by the down-regulation of metabolites from the urea cycle, fatty acids, tocopherols, aromatic amino acids, and
hypoxanthine." What’s more, oxidative stress has been linked with initiation or progression of several neurodegenerative
disorders like Parkinson’s disease, which are accompanied by fatigue too.?!

In the nervous system, it was shown that oxidative stress may stimulate astrocytes to inhibit glutamate transporters.”
Consequently, the accumulation of glutamate may decrease brain-derived growth factor concentrations, resulting in decreased
neuroplasticity involved in motivational and cognitive fatigue. Increased production of free radicals and reactive intermediates
of oxygen and nitrogen is measured by f2-isoprostanes. Although levels of f2-isoprostanes in urine and plasma independently
predicted fatigue scale in SLE patients, the precise mechanism connecting oxidative stress with fatigue is still unclear.**

Brain Microglial Activation

Central nervous system disturbances and strong bi-directional signalling between the immune system and the brain are
shown to participate in the development of strong fatigue.* Cognitive impairment and lack of motivation are declared in
RA patients suffering from fatigue.”® There are several mechanisms by which inflammation might alter the neurochem-
istry of the brain and thus contribute to fatigue (Figure 1). One of them is the presence of pro-inflammatory cytokines that

JAKIi
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Figure | The possible metabolic pathways of inflammation that may stimulate the onset of fatigue. All the pathways shown on the picture are described in the text. The
possible places of intervention by JAKi treatment are shown on the picture and described in an article as well.

Abbreviations: ERNI, endoplasmic reticulum to nucleus signalling I; IDO-1, indoleamine 2.3-dioxygenase; JAKi, JAK inhibitors; JAKs, Janus Kinases; MASP-1, mannose-
associated serine protease |; PRDM-1 (BLIMP-1), B lymphocyte-induced maturation protein-I; ROS, reactive oxygen species; RTP4, receptor transporter protein 4; TDO,
tryptophan 2.3-dioxygenase.
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activate microglia in the brain by transferring the signal directly across the blood—brain barrier or indirectly via activated
vascular endothelial cells or the vague nerve.?** It was shown almost 10 years ago that inflammation originating from
joints can be transmitted by sensory afferent neurons through spinal pathways to the central nervous system.?®

A few brain areas with different neurotransmitters (including glutamate, acetylcholine, noradrenaline, serotonin, and
dopamine) are involved in fatigue development.* The presence of several pro-inflammatory cytokines (like IL-1, IL-6,
TNF, IL-23, and IL-17) in rheumatic disorders causes the reduced level of monoamines (like serotonin, dopamine, and
noradrenaline) important for mood and motivation in the synaptic cleft by increasing monoamine transporter.
Additionally, the secretion of noradrenaline, a neurotransmitter responsible for increasing arousal, alertness, and atten-

tion, is inhibited by pro-inflammatory cytokines and nitric oxide.*

Activation of IDO and TDO

Finally, activation of tryptophan 2.3-dioxygenase (TDO) and indoleamine 2.3-dioxygenase (IDO-1) induced by pro-
inflammatory cytokines results in tryptophan conversion to the kynurenine metabolic pathway, further inducing local
inflammation in the brain. Tryptophan, degraded into kynurenine cannot serve for serotonin production anymore and this
lack further supports motivational fatigue development. Kynurenine is later metabolized into 3-hydroksykynurenine and
quinolinic acid in microglia or kynurenic acid in astrocytes.?”*® Both compounds activate oxidative pathways, causing
mitochondrial dysfunctions and neurodegenerative effects.”*° In RA and SLE patients elevated levels of kynurenine
correlated with fatigue, but not with depression (in SLE patients).>'*? RA fibroblast-like synoviocytes (FLS), the main
effector cells in joint destruction and perpetuation of inflammation in RA, were able to produce IDO as a result of [FN-y
stimulation.>*** The recent data showed that JAKi (tofacitinib (TOFA), BARI, and upadacitinib (UPA)) significantly
suppressed the expression of IDO by FLS and decreased IDO-mediated suppressive effects of FLS on T cell
proliferation.®> Observed effects resulted probably from suppression of IFN-y secretion as well as IFN-y signalling by
JAKi. From the three tested JAKi, UPA decreased IDO-1 expression in FLS the most efficiently and also most strongly
reduced IFN-y production by T cells co-cultured with FLS.*> However, none of the tested JAKi (at the concentration of
0.1 uM, which correspond with plasma levels detected in blood with approved JAKi doses) was able to inhibit IDO-1

expression.® 3%

Proteomics

Proteomic analysis of cerebrospinal fluid from pSS patients has revealed 15 proteins discriminating patients with fatigue
from those without, but none of the proteins holds the known pro-inflammatory function, which stays in line with
oxidative stress-derived fatigue actiology described above.*° Inflammation stimulates the onset of fatigue, which can
further persist despite successful treatment and inhibition of inflammation in rheumatic disorders.*® These observations
might result from long-term changes in the brain morphology due to inflammation-induced decrease in nerve growth
factors, like brain-derived neurotrophic factor (BDNF), or changes in the striatal microstructure of the human brain
predicting fatigue.*!

Pain
Musculoskeletal pain often accompanies many inflammatory rheumatic diseases and is a strong predictor of fatigue.
44,45

8,42,43

It was shown that the treatment of rheumatic patients had a much stronger effect on pain than fatigue, which suggests
different brain mechanisms engaged in pain and fatigue.* In RA, the causal link between pain and fatigue has not been

proved, although pain reduction achieved with DMARDSs treatment is followed by improvement in fatigue.®

Genetics

The observation that patients with similar disease activity experienced extremely different fatigue supports the genetic
background of the process.'® The last data showed that genetic variation can influence fatigue severity and that specific
genes contribute to the regulation of fatigue and pain. Polymorphisms in genes encoding TNF, IL-1p, IL-4, and IL-6 have
been already associated with fatigue, while IL-6 and IL-1p influence also pain feeling.**’ Data published by Norheim
et al pointed genetic variants at the RTP4/MASPI locus associated with fatigue in Scandinavian patients suffering from
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Sjogren syndrome.'® RTP4, encoded by RTP4 gene, is a Golgi chaperon involved in the organization of y-8 opioid pain
receptors. As JAKi treatment aims to IL-6 (directly) and IL-1B (indirectly), this can explain why this treatment was
shown to have a good effect on pain, even more pronounced than bDMARDs.*®

There are also other genes like FRNI and PRDM]I involved in fatigue regulation. ERN! codes enzyme IREla
important for sensing cellular stress signals, while PRDM encodes a transcription factor expressed by T cells and B cells
and is involved in downregulation of immune responses and repression of IFN-y expression.'® Genetic variants of
PRDMI1 support the notion that mechanisms downregulating the inflammation may be associated with fatigue.'®

Hormones

There is observed dysfunction of two important hormonal axes (hypothalamic-pituitary-gonadal axis and hypothalamic-
pituitary-thyroid axis) in patients with pSS, SLE, and RA, but their links with fatigue were not investigated.*’
Considering the role of neuroendocrine disturbances in fatigue development, investigation of SLE patients showed
that stress, depression, and pain, but not disease activity, independently correlated with fatigue.** Gonadal hormones may
have a role not only in the higher prevalence of autoimmunity in women but also in higher disease activity and stronger
fatigue.””

At present, treatment by JAKi seems to modulate the mechanism of fatigue in four possible points as shown in
Figure 1. JAKi stop or decrease inflammation mediated by pro-inflammatory cytokines, decrease activation of IDO,
diminish the effects of genetic polymorphism (particularly mediated by IL-6 and IL-1B) as well as sickness behaviour
also connected with IL-1B expression. Other pro-inflammatory cytokines like TNF-a, IL-1B, and IL-17 signal through
different pathways than JAK-STAT.

Fatigue in Selected Rheumatic Diseases

IRDs patients experience progressive and significant restrictions in daily living reporting pain, fatigue, sleep distur-
bances, and functional impairments in work and leisure-time physical activities.’' Patient-reported symptoms signifi-
cantly influence patients’ quality of life as are often present early in the disease. To assess disease activity in clinical
trials, the American College of Rheumatology (ACR) established a core set of measures that includes several patient-
reported outcomes (PROs) associated with RA.%> PROs have been recognized by the ACR and the European League
Against Rheumatism (EULAR) as important factors in the assessment of patient disease activity, and their evaluation has

53:54 and additional measures of

been recommended as a daily clinical practice when considering a response to therapy
effectiveness in clinical trials of RA.>

Among the most important and often used in clinical practice PROs are as follows: Patient Global Assessment of
Disease Activity (PtGA), quality of life assessed by Health Assessment-Questionnaire (HAQ), disability index (DI)
(HAQ-DI), fatigue assessed by the Functional Assessment of Chronic Illness Therapy (FACIT-F), assessment of well-
being assessed by Short Form Health Survey (SF-36) including physical and mental component summary (PCS and
MCS), impact on work assessed by Work Instability Scale for RA (RA-WIS) and pain-intensity assessment on the Visual

Analogue Scale (VAS).

Rheumatoid Arthritis
RA is a chronic inflammatory joint disorder characterized by joint stiffness, swelling, and pain, which can have
a profound impact on a patient’s health-related quality of life.’*” The goals of RA treatment are not only symptom
relief, reduction in disease activity, and contraction of the rate of joint damage but also improvement in physical
functioning and well-being from the patient’s perspective.’® So, in addition to effectively treating joint inflammation
and reducing the rate of joint deterioration, the treatment aims to improve quality of life as well.®

Fatigue and pain often coexist in theumatoid arthritis (RA) patients and can be challenging to separate due to various
reasons. Both symptoms share common underlying mechanisms, such as chronic inflammation and altered pain proces-
sing. Additionally, fatigue and pain are subjective experiences, influenced by psychological and emotional factors,
making it difficult to differentiate them based solely on patient reports. EULAR, ACR, and Outcomes Measures in
Rheumatology (OMERACT) have outlined the importance of PROs in addition to physician-assessed outcomes for the
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complete assessment of the progression of the disease and the evaluation of the effectiveness of RA treatment.’> PROs
used for the assessment of treatments in RA clinical trials typically include VAS, PtGA, HAQ-DI, and SF-36.°""¢?
Patients who are intolerant or show an inadequate response (IR) to conventional DMARDs (cDMARDs) are often treated
with a biological agent. For DMARD-IR patients, biologics are usually combined with cDMARDSs, primarily metho-
trexate (MTX), but some biologics are approved and are efficacious as monotherapy as well.*>***

Treatments targeting inflammation and pain in RA may simultancously affect both fatigue and pain symptoms,
making it challenging to distinguish between the two solely based on treatment response.

Fatigue in patients with early RA, treated according to modern treatment strategies, is still not well understood.
Holten et al explored associations between disease activity and fatigue in patients with early RA during the initial 2
months of modern treat-to-target therapy and predictors of fatigue after 24 months of follow-up.®® The prevalence of
fatigue declined from 69% at baseline to 38% at 24 months, with a rapid and sustained reduction during treatment. Fewer
swollen joints, lower power Doppler ultrasound score, and higher PtGA increased the risk of clinically relevant fatigue at
24 months. Not achieving remission at 6 months was associated with a higher risk of reporting fatigue at 24 months.

Low-objective disease activity and high PtGA at baseline were predictors of clinically relevant fatigue at 24 months.®’

Axial Spondyloarthritis

AS is a progressive disease that has a significant impact on the patient’s daily functioning and quality of life. The most
frequently reported symptoms in patients with AS are pain, stiffness, and fatigue,®® and back pain is associated with
fatigue and work impairment.®” Therefore, the goal of treating AS is not only to relieve symptoms, reduce disease
activity, and reduce joint and spine damage but also to improve physical fitness and well-being from the patient’s
perspective.®® Inflammatory disease activity and functional capacity are assessed in AS with Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI)** and Bath Ankylosing Spondylitis Functional Index (BASFI),
respectively.”® Interestingly, in the first question of the BASDAI questionnaire, there is a question about fatigue,
which shows its importance in this disease. A widely used PRO instrument in assessing health-related quality of life
in AS is SF-36"" and Fatigue Severity Scale (FSS).”* Ankylosing spondylitis quality of life (ASQoL),”* HAQ-DI,”* and
FACIT-F scale are also often used.”

Psoriatic Arthritis
PsA is a combination of dermatological and joint disorders. Little is known about the factors underlying PsA-associated
fatigue. In two Canadian studies involving approximately 400 patients with PsA from a single center,”’® 54% of the
variability in fatigue can be explained mainly by physical disability, pain, and psychological stress.”” A recent study of
246 patients with PsA from 13 countries demonstrated that high fatigue was mainly explained by disease-related factors
(skin psoriasis, number of tender joints, and enthesitis), but also by patient-related characteristics (level of education and
female gender), indicating that fatigue in PsA has a multifactorial nature.”®

However, another study of fatigue in 101 patients with PsA found that it may also be related to the emotional and
social aspects of the disease, rather than to arthritis. Fatigue is often cited by patients in qualitative research, and it has
complex meanings covering both the physical and mental aspects.’® In a qualitative study preceding the development of
the updated PsA Core GRAPPA (Group for Research and Assessment of Psoriasis and Psoriatic Arthritis)/ OMERACT,
fatigue was considered a critical component of the impact on the life of PsA patients.”’ In a study by Gossec et al which
involved 474 patients with PsA, the participants ranked fatigue as the second most important domain after pain.®

Thus, fatigue in RA, AS, and PsA occurs on most days and varies in intensity and frequency, ranging from heaviness
and weariness to exhaustion. Individuals distinguish between systemic fatigue, related to their arthritis, and general
tiredness. Despite the use of newer and more selective drugs for inflammation (blDMARD:s), the percentage of patients
complaining of fatigue is still significant.'” In recent years, JAK inhibitors have become a hope for patients with IRDs,
which not only block inflammation but also affect other mechanisms of fatigue."'
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JAK Inhibitors
Oral JAK inhibitors have been developed for the treatment of RA, PsA, and AS. Currently, there are four JAK inhibitors:
tofacitinib (TOFA), baricitinib (BARI), upadacitinib (UPA), and filgotinib (FILGO) licensed for the treatment of RA, two
(TOFA and UPA) licensed for the treatment of PsA and one JAKi (UPA) approved for the AS treatment.®'** They are
categorized as targeted synthetic DMARDs (tsDMARD:s) to differentiate them from bDMARDs and cDMARD:s.
Recommendations for RA treatment underline the importance of early diagnosis and introduction of intensive
treatment strategies, with the target of remission or the lowest possible disease activity.** As suggested by the ACR
and EULAR, the treatment regimen for RA includes initial cDMARDs, especially MTX; if not effective, combining
¢DMARDs with bDMARDSs, or oral tsDMARDs that target the intracellular JAK-pathways.>® This early intensive
disease management has been shown not only to mitigate joint damage and inflammation but also to improve patient
health-related quality of life.>"®" It has also been postulated that the treatment of RA should be a shared decision-making
process between the patient and the physician, when together they should address questions of significance to the
patients, including the potential improvement of PROs.** A relevant question to both patients and physicians is whether
bDMARDs or tsDMARDs require co-administration of MTX, which itself is associated with potential adverse effects
that may affect patient function (fatigue, nausea, etc.).*® Unfortunately, in clinical trials, when registering drugs for
rheumatic diseases, the feeling of fatigue is not taken into account either as a primary or secondary endpoint, it is
combined with pain and other PROs.

Tofacitinib (TOFA)
TOFA, a pan-JAK-inhibitor blocking JAK1/2/3 and to a lesser extent TYK?2, is the first approved JAKi by the FDA in
2012 for the treatment of RA.

Numerous studies have demonstrated that TOFA administration leads to a decrease in the level of pro-inflammatory
cytokines that signal through JAK-STAT and a reduction of fatigue sensation in rheumatic patients. For instance, it has
been demonstrated that RA patients following 3 months of TOFA treatment had reduced levels of 1L-2, IL-4, IL-15, IL-
21 (common y-chain cytokines), IFN-y, and decreased phospho-STAT and STAT expression levels.* Another cytokine
associated with neuronal symptoms in IRDs is IL-6. It has been demonstrated that a high level of IL-6 correlates not only
with disease activity and inflammation but also with fatigue and mood disorders, including depression.”® Moreover, RA
patients treated with TOFA for 6 months had decreased sera levels of IL-6, IFN-y, and other JAK-STAT-independent
cytokines like IL-17 and TNF-a and simultaneously reduced VAS and HAQ-DI scores.”’

TOFA is currently approved for use in five diseases: RA, PsA, AS, polyarticular juvenile idiopathic arthritis (JIA) or
juvenile PsA, and ulcerative colitis.** During clinical trials, this drug has been proven to be effective and safe in all the
above-mentioned indications, and numerous studies have shown its positive effect on fatigue, physical fitness, quality of
life, and sleep quality.

Rheumatoid Arthritis

In RA, there was a sustained improvement in PROs in randomized controlled trials, including PtGA, pain, HAQ-DI, and
FACIT-F, as well as HRQoL (measured with SF-36), reported in Phase II,° Phase IIL,>*°” and Phase ITIb/IV randomized
controlled trials of TOFA. These clinical trials included patients with insufficiency responses to MTX,”* cDMARDs,”® or
bDMARDs,”” as well as in patients with early arthritis’> and TOFA used as monotherapy.”® In RA, TOFA administration
alone or in combination therapy resulted in statistically significant improvement from baseline in all five fatigue-related
scores (PtGA, pain, HAQ-DI, FACIT-F, and SF-36) as compared to placebo’® *® or MTX that was maintained throughout
the duration of TOFA treatment.”> Furthermore, significantly more patients reported improvement in their physical
functioning, which is directly connected with better fatigue control, after treatment with TOFA (10 mg twice a day) vs
those treated with ADA.”®

Psoriatic Arthritis
Another disease in which fatigue is one of the important accompanying symptoms is PsA. Post hoc analysis results from
two Phase III studies of TOFA in patients with active PSA suggest that there is an approximately linear relationship
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between the Psoriatic Arthritis Disease Activity Score (PASDAS) and SF-36, Patient’s Global Joint and Skin Assessment
(PGJS), HAQ-DI, and FACIT-F.”*'°° The results in patients with active PsA treated with TOFA confirmed that patients
achieving PASDAS-defined remission or low disease activity had greater improvements in health-related quality of life,
fatigue, and physical function than patients with high disease activity.'’ This confirms the importance of fatigue
symptoms in PsA patients and is consistent with other studies that indicate improvement in fatigue as a key result
indicating improvement in their condition.””'%* In these studies, both median time and time to initial HAQ-DI and
FACIT-F response and disease activity (as determined by minimal disease activity and PASDAS) were generally similar
in patients with active PsA treated with TOFA or ADA.'%'%4

Axial Spondyloarthritis

Patients receiving TOFA experienced greater improvements compared to placebo in the summary of the physical
component of SF-36, body pain, FACIT-F, ASQoL, and work impairment in the Phase II study.'® Confirmed in the
phase III study, the efficacy endpoints showed significant improvement with TOFA compared to placebo in clinical
measurements and PROs for disease activity, mobility, function, and health-related quality of life (also measured by
change from baseline at ASQoL, SF-36, and FACIT-F). A recent study confirms that patients with AS treated with TOFA
5 mg twice daily showed significant improvements in fatigue, HRQoL, pain, and work performance compared to placebo

at week 16, which was maintained through week 48.'%

Juvenile Idiopathic Arthritis

TOFA was the first oral JAK inhibitor to be evaluated in JIA patients. The studies concluded that their primary endpoint
was met: the rate of JIA exacerbations was significantly lower with TOFA than with a placebo. Improvements were also
seen in secondary endpoints including JIA/ACR response rates and JIA/ACR inactivity, Juvenile Arthritis Disease
Activity Score (JADAS), and HAQ-DI change. Treatment with TOFA also showed a statistically significant decrease

in VAS, assessing the patient’s well-being, as well as a significant reduction in pain.'®’

Baricitinib (BARI)

This small molecule along with TOFA belongs to the first generation of JAKi. The pharmacokinetic study demonstrated
that BARI suppressed IL-2, IL-4, IL-15, and IL-21 release by peripheral blood mononuclear cells (PBMC) from healthy
control (HC), but to a lesser extent than TOFA and UPA.!%® In addition, BARI inhibited IL-6, MCP-1, and IP-10

production in oncostatin M-stimulated RA synovial fibroblasts.'*’

Rheumatoid Arthritis

BARI is an oral selective inhibitor of JAK1 and JAK2,''" molecules that enable intracellular signaling of multiple
inflammatory cytokine pathways associated with inflammation in RA. BARI has been approved as a treatment for adults
with moderate to severe disease in more than 50 countries, including Europe, the USA, and Japan.®' The results of multi-
center, randomized, double-blind, Phase III clinical trials have confirmed the efficacy and safety of the drug.

In a phase III study (RA-BEGIN), therapeutic effect of BARI was investigated in patients with active RA who were
naive to cDMARDs (no or limited exposure to MTX) or bDMARDs.>!' The results of that study have shown that BARI
alone or in combination with MTX demonstrated superior clinical efficacy with acceptable safety compared to MTX as
the initial therapy for patients with active RA.

Analysis of RA-BEGIN study in the context of PROs measures reveals that BARI alone or in combination with MTX,
when used as initial therapy, resulted in significant improvement compared to MTX in the majority of the pre-specified
PRO measures.''" Moreover, patients treated with BARI reported significantly greater and more rapid pain relief, more
weeks with limited to no pain, and clinically meaningful improvements in physical health than patients treated with MTX
alone over 1 year.'"?

Fatigue reduction was associated with improved daily activity and work productivity for RA patients treated with
ADA or BARI with MTX background investigated in RA-BEAM study.''® At the lowest levels of remaining pain
(<10 mm) at weeks 12 and 24, however, fatigue did not appear to impact work productivity.

3956 e Journal of Inflammation Research 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Felis-Giemza et al

Finally, compared with placebo and ADA, BARI showed statistically significant improvements (p<0.05) in many
different PROs, measured by HAQ-DI, PtGA, pain, FACIT-F, SF-36 physical component score, EQ-5D index scores, and
WPAI-RA (Work Productivity and Activity Impairment Questionnaire) daily activity at week 12. Improvements were
maintained for measures assessed up to week 52.''* Moderate correlations were observed between improvements in
disease activity and fatigue and between improvements in pain and fatigue in both MTX-IR and bDMARD-IR
patients. !>

It is worth noting that, mediation analysis showed that the large majority of the improvement in FACIT-F was
explained by changes in pain and disease activity for both BARI and ADA in MTX-IR patients, and these factors
explained almost all of the improvements in FACIT-F in the bDMARD experienced population.''’

In summary, addressing fatigue in RA patients undergoing baricitinib treatment is crucial for optimizing treatment
outcomes, monitoring disease activity, improving quality of life, and promoting patient adherence. By recognizing and
managing fatigue, health-care providers can support patients in achieving better symptom control and overall disease
management.

These studies indicate that baricitinib treatment is associated with improvements in fatigue levels in patients with RA.
Fatigue reduction was consistently observed across different patient populations, including those who had an inadequate
response to csDMARDs or TNFis. The specific mechanisms underlying baricitinib’s effects on fatigue in RA are not
fully elucidated, but it is believed to be related to its ability to suppress inflammation, improve disease activity, and
enhance overall well-being. However, it is important to note that individual responses may vary, and fatigue can be
influenced by various factors beyond medication alone.

Upadacitinib (UPA)

UPA is another JAKi, which belongs to the next generation of JAKi having high selectivity in blocking JAK1 over JAK2,
JAK3, and TYK?2. It has been demonstrated that UPA inhibited STAT3 and STAT5 phosphorylation in IL-6 and IL-7
stimulated PBMCs from HC.''® Similarly, UPA along with TOFA and BARI was able to attenuate IL-6 and MMP-1
production in co-cultured T and B cells with RA or OA fibroblasts.?” Interestingly, in animal models, both adjuvant-
induced arthritis (AIA) and collagen-induced arthritis (CIA), oral administration of UPA was more efficient in improved
synovial hypertrophy, inflammation, cartilage damage, and bone erosion than TOFA.''® UPA is used in patients with

active RA, PsA, and AS, as it has been approved for these indications.®

Rheumatoid Arthritis

Strand et al analyzed self-assessed symptoms in a 12-week study in RA patients with an inadequate response to
¢DMARD:s (as part of the randomized SELECT-NEXT study).''® PROs included PtGA, VAS, HAQ-DI, FACIT-F,
duration and severity of morning stiffness, depression (SF-36), and RA-WIS, compared to placebo, patients treated
with UPA reported statistically significant improvement (p<0.05) in all scales, regardless of the UPA dose (15 and 30 mg/
day were used).

The SELECT-COMPARE study compared the UPA directly with an active comparator, the ADA."?° The clinical
efficacy of UPA against ADA in combination with MTX was assessed in terms of the following endpoints: ACR
response; disease activity, quality of life, pain intensity, morning stiffness, and radiological progression. The group
treated with UPA as compared to ADA achieved a statistically significant improvement of fatigue in the FACIT-F scale,
and general health assessment using the LSM method: SF-36 and in 6/8 other domains. After 12 weeks of UPA
treatment, the improvement in the physical component (PCS) of quality of life (7.89) was significantly higher compared
to the placebo group [3.56 (p<0.001)] and ADA-treated patients [6.27 (p=0.002)].

Fatigue significantly impacts a patient's quality of life. UPA's effectiveness is managing RA symptoms, including
fatigue, can improve physical function and psychosocial well-being, thereby reducing fatigue levels.

While these mechanisms offer insights into UPA's impact on fatigue, further research is needed to fully understand
the precise pathways involved. Additionally, individual responses may vary, and non-pharmacological interventions and

consideration of psychological factors may complement the management of fatigue in RA patients.
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Psoriatic Arthritis

UPA reduces the number of swollen and painful joints but also affects symptoms typically reported by patients, such as
morning stiffness and pain. The efficacy of UPA treatment was similar in patients with PsA who showed no adequate
improvement after methotrexate, as well as in patients who failed biological therapy. The results of SELECT-PsA 1
demonstrated that a significantly higher percentage of patients treated with UPA 30 mg/day compared to the group of
patients treated with ADA 40 mg every 2 weeks achieved improved pain assessment (PtGA) from week 4 and in
BASDAI/SF-36 endpoints at weeks 12 (except BASDAI Q2) and 24 (p<0.05). Improvements in symptoms in PsA
patients treated with UPA at a dose of 15 mg/day were also observed in week 24.'%!

The reduction in fatigue observed in PsA patients treated with UPA can be attributed to its potent anti-inflammatory
effects. UPA selectively inhibits JAK1, which plays a crucial role in the signaling of pro-inflammatory cytokines
involved in the pathogenesis of PsA. By reducing inflammation and disease activity, UPA can alleviate fatigue
symptoms.

Axial Spondyloarthritis

The SELECT-AXIS 1 study demonstrated a UPA-mediated improvement in disease activity and patient perception of the
fatigue.'> After 1 year of treatment, there was a continuous and persistent improvement in the reduction of Ankylosing
Spondylitis Disease Activity Score (ASDAS) disease activity and pain sensation, including back pain and nocturnal back
pain. Improvement was seen in patients treated with UPA from the beginning as well as patients in the placebo group
who were started on UPA at week 14 of the study. A similar improvement over time was observed in the assessment of
the quality of life (ASQoL and ASAS Health Index) and decreased PtGA. It should be added that regardless of the timing
of UPA inclusion, the improvement was similarly fast and of equivalent magnitude. In addition, clinically meaningful
improvements in fatigue, as measured by FACIT-F among patients receiving continuous UPA, were maintained from
week 14 through weeks 52 and 104.'%

These findings suggest that UPA has a positive impact on fatigue perception in AS patients. By effectively reducing
disease activity and pain, UPA contributes to an overall improvement in fatigue levels. Managing fatigue is crucial in
enhancing the quality of life for AS patients, and UPA offers a potential therapeutic option to address this aspect of the
disease.

Filgotinib (FILGO)

Filgotinib (FILGO) is also a JAK1 selective inhibitor which is currently approved in Europe and Japan to treat severe to
moderate RA."**!'?3 FILGO was more efficient in blocking JAK 1-dependent IL-6/pSTAT1 by monocytes from HC than
other JAKi including TOFA, BARI, and UPA.'*° In contrast, IFN-y-mediated JAK2 inhibition was less suppressed by
FILGO than by the other JAKi. A similar observation was previously seen by Dowty et al, demonstrating that FILGO
had relatively low clinical suppression towards JAK2-dependent IL-12, IL-23, and G-CSF, GM-CSF."?” FINCH3 Phase
11 clinical trial also revealed that FILGO improved PROs including HAQ-DI and FACIT-F in patients with active RA.'?®

Other Current JAK Inhibitors

Ruxolitinib (JAK1/2 inhibitor) significantly reduced IL-6, IL-12, and IFN-y in a dose-dependent manner, but did not
show a significant reduction of IL-4 and IL-5 in animal models mimicking hyper inflammation syndrome.'#” This may
indicate that ruxolitinib treatment ameliorates inflammation without initiation of broad immunosuppression. A case
report study showed that 4 years old patient suffering from refractory systemic idiopathic juvenile arthritis-like associated
with interstitial had decreased chest abnormalities, increased oxygen saturation, and reduced frequencies of IFN-y
producing Thl cells after 12 months of ruxolitinib administration."** A completed clinical trial (NCT00550043)
exploring the safety, tolerability, and efficacy of ruxolitinib demonstrated that 83% of patients achieved ACR20
Improvement. Patients with chronic lymphocytic leukaemia also noted an improvement in the average fatigue score
(BFI) 3 months following ruxolitinib treatment.'*' This suggests that ruxolitinib may be another promising JAKi in
rheumatic diseases, reducing fatigue and affecting ACR20. Recent animal studies demonstrated the promising role of
izencitinib (TD-1473) in targeting inflammation locally.'*? Izencitinib is a gut-selective pan-JAKi that minimizes
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systemic exposure following oral administration. Although differences in coagulation parameters and fertility ratio before
and after chronic izencitinib administration were not observed in rats and dogs, the phase IIb of the clinical trial failed to
meet the primary endpoint to treat ulcerative colitis (NCT03758443).

Overview of the Group of JAK Inhibitors

Recently published meta-analysis gives a comprehensive overview of JAK inhibitors and provides evidence for their
superiority in improving PROs and disease activity indices in RA."** Fatigue and depression measured using different
PROs showed significantly greater improvement in the group of RA patients treated with JAKi compared to placebo (SF-
36 (PCS, MCS), FACIT-F, and EuroQol 5 dimensions questionnaire—UK and US scoring algorithm, FACIT-F) and
versus patients treated with MTX (SF-36 -PCS, FACIT-F, HAQ-DI). In comparison to bDMARDs, JAKIi yielded better
results in PROs, and significantly better results in 2 of the questionnaires regarding fatigue and general health status (SF-
36, FACIT-F). It is, however, important to note that the different JAKi were pooled into one group and probably this is
the reason why the significant differences between JAK inhibitors versus bDMARDs were not observed in other
questionnaires.'*

There are also papers, claiming that the impact of JAKi on pain and fatigue is not significantly different than
bDMARDS, at least during the short and middle term corresponding to the duration of clinical trials.'**

In summary, randomized clinical trials (RCT) data in RA patients showed a faster onset of JAKi benefits than
comparator ADA in the context of reduction of fatigue and pain in PtGA assessment.'?® Interestingly, treatment of UPA
and BARI was superior to ADA in fatigue reduction in PROs, while other JAKi (TOFA and FILGO) were non-inferior to
ADA in fatigue reduction in RA patients who use combined therapy with MTX."2%!3713% Also, in RCT with PsA it was
shown that the median time and time to baseline HAQ-DI and FACIT-F response and disease activity were substantially
similar in patients with active PsA treated with JAKi or ADA.'%*'%12! 1n addition, RCT data confirm that AS patients
treated with JAKi showed significant improvements in pain, fatigue, HRQoL, and work performance.'*®'**

It should be emphasized that there are new recommendations announced by European Medicines Agency (EMA)
concerning treatment by JAKi, generally JAKi should be used with great caution.'** EMA has found that, compared with
TNF-alpha inhibitors, JAKIi used to treat chronic inflammatory are linked to a higher risk of major adverse cardiovascular
events (MACE), venous thromboembolism (VTE), malignancy, serious infections, and all-cause mortality. JAKi (TOFA,
BARI, UPA, and FILGO) should be used only in patients, in whom no suitable treatment alternatives are available: those
aged 65 years or above, current or past long-time smokers, those with a history of atherosclerotic cardiovascular disease
or other cardiovascular risk factors, or those with other malignancy risk factors. Cautious usage is also recommended in

patients with known risk factors for VTE other than those listed above.'*’

Summary

In this review, we have focused on fatigue — its mechanism and results of JAK-targeted therapies exerted on fatigue. The
importance of fatigue for patients with IRDs has been confirmed and described in many studies. However, standardized
fatigue assessments and comprehensive research into a range of rheumatic diseases are still needed, as it is a subjective
clinical manifestation that can only be assessed with PROs.

To inhibit the development and intensification of fatigue in rheumatic diseases, it is necessary to better understand the
mechanism of its pathogenesis. JAKi seem to modulate the mechanism of fatigue in a few possible ways: to limit the
release of the pro-inflammatory cytokines, decrease IDO activation, and ameliorate the sickness behaviour connected
with IL-1B expression. Importantly, the administration of JAKi to IRDs patients experiencing fatigue may have rational
implications also as a therapeutic modulator of neuropsychiatric features. However, in the context of EMA's reaffirmed
efforts to minimize the risk of serious side effects with the use of JAKi in chronic inflammatory diseases, despite the
good effect on reducing inflammation, pain, and fatigue, caution is advised in choosing this group of drugs.

It is important to underline the need for a multidisciplinary approach to understanding fatigue and the complex-
ity underlying its various causes and confounding factors. It is suggested that metabolic pathways are more
important in fatigue modulation than inflammatory processes. However, unique metabolic-dependent molecule that
could be used for the diagnosis of fatigue is still undefined.1. Further studies investigating the long-term effects of
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JAK inhibitors in comparison to other medications (especially bDMARDs) as well as head-to-head trials compar-
ing different JAKi (selective vs non-selective) would be important to further evaluate their effectiveness not only
in the context of their anti-inflammatory effects but also patient-related outcomes including fatigue. Importantly,
there are various instruments used to assess fatigue in patients with rheumatic diseases that are correlated with
each other, but there is no commonly agreed questionnaire/tool for use in a particular disease. Therefore, optimal
management of fatigue certainly requires an individualized and holistic approach to the patient and his disease.
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