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Abstract
Rheumatoid arthritis (RA) is a chronic immune-mediated inflammatory disease which can induce progressive disability 
if not properly treated early. Over the last 20 years, the improvement of knowledge on the pathogenesis of the disease has 
made available several drugs targeting key elements of the pathogenetic process, which now represent the preferred treat-
ment option after the failure of first-line therapy with conventional drugs such as methotrexate (MTX). To this category of 
targeted drugs belong anti-cytokine or cell-targeted biological agents and more recently also Janus kinase inhibitors (JAKis). 
In the absence to date of specific biomarkers to guide the therapeutic choice in the context of true precision medicine, the 
choice of the first targeted drug after MTX failure is guided by treatment cost (especially after the marketing of biosimilar 
products) and by the clinical characteristics of the patient (age, sex, comorbidities and compliance) and the disease (pres-
ence or absence of autoantibodies and systemic or extra-articular manifestations), which may influence the efficacy and 
safety profile of the available products. This viewpoint focuses on the decision-making process underlying the personalized 
approach to RA therapy and will analyse the evidence in the literature supporting the choice of individual products and in 
particular the differential choice between biological drugs and JAKis.

Key Points 

Rheumatoid arthritis is a chronic auto-immune inflam-
matory disease that requires early diagnosis and treat-
ment to prevent the progression of joint damage.

Several therapeutic options are now available after first-
line treatment with conventional drugs, such as metho-
trexate, has failed.

In the absence of predictive biomarkers, the choice of the 
first targeted drug after MTX failure is guided by clinical 
and pharmacoeconomic factors through a patient-centred 
decision-making process.

1 Introduction

Rheumatoid arthritis (RA) is a chronic systemic inflam-
matory autoimmune disease that primarily affects the 
joints and is characterized by progressive cartilage and 
bone damage, resulting in a high rate of disability. In addi-
tion, the possible involvement of other organs and systems 
(especially the respiratory and cardiovascular systems) and 
the development of disease- and therapy-related co-mor-
bidities contribute to the deterioration of quality of life and 
life expectancy of these patients.

In the last 3 decades there has undoubtedly been 
immense progress in the field of rheumatology and rheu-
matoid arthritis in particular. Knowledge of the disease 
pathogenetic mechanisms has allowed the development of 
drugs that can radically alter the disease course and greatly 
improve the quality of life and survival of RA patients. 
This has been complemented by the use of therapeutic 
strategies aimed at intercepting the disease at its earliest 
stages and achieving a therapeutic goal, such as disease 
remission (treat-to-target strategy) [1].

However, many challenges remain. The aetiology of RA 
is still largely unknown, and there is still a lack of bio-
markers for the prediction of response to individual drugs 
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[2]. Furthermore, in recent years it has become increas-
ingly clear that RA is a highly heterogeneous disease and 
that there are likely to be distinct patient subgroups and 
disease sub-phenotypes [3, 4]. In this scenario, the choice 
of the drugs to be used in the individual patient is still 
mainly left to the expertise of the rheumatologist and to a 
trial-and-error approach [5].

To date, there are two main categories of ‘advanced’ 
drugs available to the rheumatologist: biologics [biologic 
disease-modifying antirheumatic drugs (bDMARDs)], 
i.e., monoclonal antibodies or fusion molecules with anti-
cytokine or anti-cellular targeting and, more recently, 
targeted synthetic agents (tsDMARDs), i.e., Janus kinase 
inhibitors (JAKis) with intracellular and pleiotropic action.

According to the 2019 recommendations of the 
European Alliance of Associations for Rheumatology 
(EULAR), the first-line treatment of patients with RA 
involves the use of methotrexate (MTX) or another con-
ventional DMARD (csDMARDs), often combined with a 
low dose of bridging steroid. If first-line therapy fails, it 
is recommended to add a bDMARD or a tsDMARD to the 
ongoing treatment [6]. No preference is given between the 
two drug categories, as they are comparable in their effi-
cacy profile. In the updated version of the 2022 EULAR 
recommendations for the management of RA, this sugges-
tion remains essentially unchanged, confirming the pos-
sibility of using a bDMARD or tsDMARD as second-line 
therapy, but adding a caveat of requiring a careful assess-
ment of the patient’s risk profile before starting any Janus 
kinase (JAK) inhibitor therapy [7]. This cautionary note is 
mainly based on the results of two studies. ORAL Surveil-
lance, a phase IV randomized controlled post-marketing 
study, showed an apparently higher incidence of major car-
diovascular events (MACE) and cancer in patients treated 
with tofacitinib than in those treated with tumour necrosis 
factor inhibitors (TNFis) in a study population selected for 
age (> 50 years) and the presence of at least one traditional 
cardiovascular risk factor [8]. The second study, B023, a 
multi-register observational study, showed higher rates of 
thromboembolic events in patients treated with the JAKi 
baricitinib compared with TNFis [9].

In light of this evidence, the US Food and Drug Admin-
istration (FDA) has decided to restrict the use of JAKis 
to patients who have failed (or are intolerant to) at least 
one TNFi [10]. Instead, the European Medicines Agency 
(EMA) recommends that the use of JAKis in patients aged 
65 years and older, current or former smokers and patients 
with cardiovascular, neoplastic and thromboembolic risk 
factors should be considered only in the absence of valid 
therapeutic alternatives [11]. Similarly, as mentioned 
above, the latest version of the EULAR recommenda-
tions stated that risk factors for cardiovascular events 
and malignancies, including age over 65 years, current or 

former smoking, other cardiovascular risk factors, other 
risk factors for malignancy and risk factors for thrombo-
embolic disease, should be considered when considering 
prescribing a JAKi [7]. In line with the principle of shared 
decision-making, JAKis therefore remain a viable second-
line treatment option after careful assessment of the risk 
profile and appropriate communication with the patient.

So the question remains: In a patient with RA who does 
not respond to csDMARDs, which drug (or which class of 
drugs) should be used?

In this narrative review, we analyse the main factors to 
consider when choosing a treatment for this RA patient 
category, including the pharmacodynamic properties of 
the drugs, the demographic and clinical characteristics of 
the patients and disease-related factors.

The searches were conducted between December 2022 
and January 2023 in the databases MEDLINE, Scopus, and 
Web of Science. The search terms included: rheumatoid 
arthritis, treatment strategy, treatment recommendations, 
biologics, Janus kinase inhibitors and targeted therapy. 
Every individual search term was supplemented with 
relevant free text terms. The search result was limited to 
articles that were written in English as well as articles 
published during the last 10 years. The evidence presented 
in the manuscript is illustrated and summarized in the 
Table 1.

2  Overview of Targeted Therapies

2.1  bDMARDs

The bDMARDs approved to date for the therapy of RA 
include five TNFis (infliximab, adalimumab, golimumab, 
certolizumab pegol and etanercept), two IL6 inhibitors (toci-
lizumab and sarilumab), a monoclonal anti-B-cell CD20 
antibody (rituximab) and a T-lymphocyte co-stimulation 
inhibitor (abatacept). They are all monoclonal antibodies, 
with the exception of abatacept and etanercept, which are 
fusion proteins. Their key feature is their therapeutic target 
selectivity. Compared with conventional immunosuppres-
sive drugs, bDMARDs are highly specific for their target 
molecule or cell, ensuring selective target suppression while 
maintaining adequate function of the various (cellular and 
non-cellular) components of the immune system.

The first bDMARDs approved in 1999 were two TNFis, 
infliximab and etanercept. Since then, the family has grown 
to include five drugs that differ in chemical structure, 
route of administration and therapeutic interval, but have 
similar efficacy and safety profiles. Use of these drugs has 
been shown to dramatically reduce disease activity and, in 
responding patients, slow or halt clinical and radiographic 
progression and improve patient-reported outcomes. Their 
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success has paved the way for the development of other 
molecules with different mechanisms of action. Abatacept, 
a fusion protein whose mechanism of action is to inhibit 
lymphocyte co-stimulation by antigen-presenting cells, and 
rituximab, a monoclonal antibody that can induce depletion 
of mature pre-B and B lymphocytes by binding to the CD20 
receptor, were approved in 2005 and 2006. The last class of 
approved bDMARDs are inhibitors of the receptor (soluble 
and membrane-bound) of IL6, a pro-inflammatory cytokine 
whose role in the pathogenesis of RA is known and exten-
sively described [12].

2.2  JAK Inhibitors

JAKis are a class of drugs that work by inhibiting the activ-
ity of one or more members of a family of enzymes known 
as Janus kinases. These enzymes are intracellular non-recep-
tor tyrosine kinases that act by transducing signals mediated 
by various cytokines through the JAK–signal transducer and 
activator of transcription (STAT) pathway, which consists 
of four JAKs (JAK1, JAK2, JAK2 and TYK2) and seven 
STATs (STAT1-4, STAT5A and 5B, STAT6). A plethora 
of inflammatory mediators (IL-2, IL-4, IL-6, IL-7, IL-9, 
IL-11, IL-12-23, IL-15, and type I–II interferons) and hae-
matopoietic growth factors [such as IL-3, IL-5, granulocyte 
colony-stimulating growth factor (GM-CSF), erythropoietin 
and thrombopoietin] carry out their intracellular signalling 
via this pathway [13]. As many of these molecules play a 
central role in the RA network, the use of agents target-
ing JAK inhibition allows modulation of multiple pathways 
simultaneously and potentially a broader effect on disease 
pathogenesis.

Tofacitinib, the first JAKi approved (in 2012 by the FDA 
and in 2017 by the EMA), is a selective inhibitor of JAK1,3 
with minor activity against JAK2 and TYK2, whereas barici-
tinib is a selective inhibitor of JAK1,2 with moderate activ-
ity against TYK2 and minimal activity against JAK3. In 
later years, drugs with more selective activity against JAK1 
were investigated, mainly to minimize the negative effects 
of JAK2 inhibition on the haemopoietic system, leading to 
the approval of the “second-generation JAKis” or “selec-
tive JAKis”, upadacitinib and filgotinib [14]. However, the 
selectivity of JAKis has been evaluated in vitro, while it 
is still unclear whether this really affects their use in vivo 
[15]. Unfortunately, there are no head-to-head comparisons 
between pan-JAK inhibitors and selective JAK inhibitors to 
better define the impact of theoretical selectivity on their 
safety and efficacy profile.

3  Drug‑Related Factors

3.1  Immunogenicity

All biologics are potentially immunogenic, meaning that 
they can induce an immune response against themselves, 
which is expressed in particular by the formation of anti-drug 
antibodies (ADAs) [16]. The main clinical consequences of 
immunogenicity are a reduction in clinical efficacy and the 
development of administration reactions, ranging from mild 
and localized to severe acute reactions such as anaphylaxis 
and serum sickness [17]. A clear correlation between the 
development of infusion reactions or injection-site symp-
toms and the presence of circulating ADAs has been shown 

Table 1  Summary of driven factors for b/tsDMARDs treatment choice

The colours of the cells have been assigned according to the presence or absence of data that support or do not support the use of the different 
classes of drugs. Green cells: evidence suggests a beneficial use of the drug. Yellow cells: there is some evidence in favour, but not enough to 
strongly recommend its use. Red cells: the use of the medicine is not recommended or is contraindicated. Grey cells: no clear evidence for or 
against the drug
JAKis Janus kinase inhibitors, TNFis tumour necrosis factor inhibitors, IL-6Ris interleukin 6-receptor inhibitors
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[18]. Similarly, the presence of ADAs is associated with a 
reduced clinical response and a higher rate of treatment dis-
continuation [19]. The administration of JAKis is not able to 
induce immunogenicity, and therefore, no hypersensitivity 
reactions or reduction in clinical response due to the pres-
ence of ADAs has been observed.

3.2  Costs

As clearly stated by the EULAR Task Force experts, the 
pharmaco-economic issue is one of the aspects to be consid-
ered in the overall management of RA patients [7]. The costs 
of advanced therapies with both bDMARDs and tsDMARDs 
are significantly higher than those associated with conven-
tional therapies, and this has led to limitations in their use 
and disparities in treatment between countries worldwide 
[20]. Biosimilars (currently available for infliximab, etaner-
cept, adalimumab, rituximab and recently for tocilizumab) 
have been shown to be as clinically effective as their refer-
ence biologics [21]. Their use in clinical practice has been 
found to be cost-effective and represents a valid and recom-
mended strategy to reduce healthcare expenditure [22–24].

3.3  Efficacy in Disease Activity

During their development programs, all JAK inhibitors have 
been tested in head-to-head comparisons with TNFis. In 
patients with an inadequate response to methotrexate (MTX-
IR), tofacitinib 5 mg was compared with adalimumab in the 
ORAL Strategy study, achieving the non-inferiority endpoint 
of an American College of Rheumatology (ACR) response 
of at least 50% (ACR50); 46% versus 44%) [25]. Similarly, 
filgotinib demonstrated non-inferiority to adalimumab in 
achieving a response of Disease Activity Score for 28 joints 
based on the C-reactive protein level (DAS28-CRP) ≤ 3.2 
at week 12 (FINCH1 study) [26]. In the RA-BEAM and 
SELECT-COMPARE studies, both baricitinib (74% versus 
66%, p < 0.05) and upadacitinib (71% versus 63%, p < 0.01) 
demonstrated statistically significant superiority over adali-
mumab in achieving the primary endpoint of ACR20 [27, 
28]. A better performance of baricitinib and upadacitinib 
also occurred in more stringent secondary outcomes, such 
as ACR70 in the RA-BEAM (45% versus 35%, p < 0.01 
for baricitinib versus adalimumab), and DAS28-CRP ≤ 2.6 
response in the SELECT-COMPARE trial (29% versus 18%, 
p < 0.01 for upadacitinib versus adalimumab) [27, 28]. Upa-
dacitinib was also studied in patients who had an inadequate 
response to at least one biologic (bDMARD-IR) compared 
with abatacept, both in combination with a csDMARD. At 
the end of the study (SELECT-CHOICE), upadacitinib was 
superior to abatacept in terms of DAS28-CRP response at 
week 12 [29].

In the real world, recent studies have not shown any clin-
ically significant differences between the use of available 
classes of drugs in patients with MTX-IR [30, 31]. A meta-
analysis found a lower efficacy of TNFis compared with 
non-TNFis [relative risk (RR) 0.88; 95% confidence inter-
val (CI) 0.81–0.95; p < 0.01] and of bDMARDs compared 
with JAKis (RR 0.86; 95% CI 0.79–0.94; p < 0.01) [32]. 
However, as these results come from observational studies 
that were neither randomized nor double-blind, they should 
be interpreted with caution.

3.4  Efficacy on Patient‑Reported Outcomes (PROs)

It is well recognized that pain and fatigue are among the 
most common symptoms reported by RA patients. These 
symptoms, which have a significant impact on patients’ 
health-related quality of life (HRQOL), are poorly captured 
by current disease activity scores and often persist in the 
absence of clinically detectable signs of active disease. 
Many different patient-reported outcomes (PROs) have been 
validated in RA, providing a more comprehensive assess-
ment of the disease and its impact on patients’ HRQOL.

The results of PROs observed in randomized controlled 
trials (RCTs) with JAKis are quite impressive [33]. 
In particular, baricitinib showed significantly better 
performance than adalimumab in reducing pain [as 
measured by global visual analogue scale (VAS) pain] 
and fatigue [Functional Assessment of Chronic Illness 
Therapy-Fatigue (FACIT-F) score] and improving quality 
of life [Health Assessment Questionnaire-Disability Index 
(HAQ-DI), Short Form 36]. A recent meta-analysis on 
pooled data from RCTs comparing different JAK inhibitors 
with TNFis, tocilizumab and abatacept, confirmed 
significantly better results with JAK inhibitors compared 
with bDMARDs in terms of pain relief, fatigue and general 
health [34]. These findings have been replicated in real-
world populations with remarkable results. Spinelli et al. 
reported a significant reduction in pain (≥ 50%) as early 
as week 4 of treatment with baricitinib and tofacitinib, 
which was maintained over time and was associated with 
a significant improvement in overall health [35]. Similar 
results were found in another observational study, which 
also showed that pain reduction in patients with high levels 
of synovial and systemic inflammation at baseline was the 
same as in those with low or no inflammatory status [36]. 
Indeed, it has been hypothesized that the effect of JAKis 
on pain goes beyond their ability to inhibit inflammation, 
but the underlying mechanisms of this widespread analgesic 
effect are not fully understood. However, it may be related to 
their pleiotropic effects on several inflammatory cytokines 
and pathways, including IL-6, GM-CSF and IL-10, whose 
role in the induction of nociceptive and neuropathic pain 
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has been extensively described [37]. As JAKis are small 
molecules, a direct role in the central nervous system has 
also been hypothesized. Studies in animal models have 
demonstrated their ability to cross the blood–brain barrier 
[38, 39]. However, evidence in humans is limited to date 
[40], and further developments in this area would be of great 
interest.

3.5  Retention Rate

In real-world clinical practice, an extremely useful outcome 
measure for assessing the efficacy and long-term tolerability 
of a drug is the drug retention rate. The largest body of data 
concerns the use of TNFis, with over 20 years of experi-
ence in this area. Registry data show that, 12 years after 
starting a first-line TNFi, an average of 23.4% of patients 
are still on therapy, with a significantly higher retention 
rate for etanercept than for monoclonal antibodies [41]. In 
the Rhumadata registry, TNFis was associated with a simi-
lar rate of treatment retention after 9 years compared with 
abatacept in b/tsDMARDs-naive patients [42]. Larger but 
shorter cohort data compared the persistence rate of different 
b/tsDMARDs. The Japanese ANSWER study evaluated the 
persistence rate according to the reasons for discontinuation 
of the different treatments and showed that anti-IL6Rs have 
a higher persistence rate than TNFis, abatacept and JAKis 
according to inefficacy. In contrast, abatacept has the highest 
persistence rate on a safety basis [43].

At an average of 2 years after starting treatment, the 
retention rates from different observational cohorts for 
baricitinib, tocilizumab and abatacept are 93.7%, 72.2% and 
51.7%, respectively [44–46]. For tofacitinib, the average per-
sistence rate was estimated to be 78.8% in both bDMARD-
naive and b/tsDMARD-IR patients. Although the persistence 
rate in naive patients is not reported, the authors stated that 
no significant difference was found between the two patient 
categories [45].

3.6  Monotherapy

International guidelines recommend combination therapy 
with b- or tsDMARDs after failure of csDMARDs [7]. In 
fact, combination with MTX has been shown to be more 
effective than monotherapy [47–49]. This is particularly 
true for some bDMARDs, especially TNFis, which in com-
bination with MTX show higher retention rates and better 
radiological outcomes than monotherapy [27, 33, 50–53]. 
Indeed, combination with MTX can reduce the immuno-
genicity of bDMARDs on the one hand [54, 55], and have a 
synergistic immunosuppressive effect on the other, depend-
ing on the mechanism of action of each drug [56]. Despite 
the recommendations, more than a third of patients who fail 
first-line therapy start b/tsDMARDs as monotherapy, while 

another third of patients discontinue or reduce MTX within 
the first 2 years of starting biologic therapy [52, 57]. Data 
from RCTs and real-world observational experience show 
that anti-IL6R drugs and JAKis are effective and have good 
retention rates even as monotherapy [25, 58–63], and are 
therefore preferred for all patients when combination therapy 
is inappropriate due to intolerance or contraindications [7].

4  Patient‑Related Factors

4.1  Age

As the age of the general population increases, so does the 
age of patients with RA. Older people tend to be frailer and 
often have multiple comorbidities that need to be treated 
with polypharmacy. In this scenario, it is questionable 
whether age can be a discriminatory factor in the choice of 
therapy in RA patients. According to FDA and EMA rec-
ommendations, age over 65 years alone is sufficient criteria 
to start a first-line bDMARD after MTX failure [10, 11]. In 
these patients, JAK inhibitors can only be considered if other 
treatment options have failed or are contraindicated.

These indications are based on evidence from RCTs of 
an increased risk of adverse events (serious infections, her-
pes zoster, cardiovascular events and neoplasms) associ-
ated with the use of JAKis in patients over 65 years of age 
[8, 64–69]. With regard to the risk of serious infections, 
real-world data confirmed that the risk starts to increase in 
patients treated with tofacitinib after the age of 69 years 
compared with patients treated with bDMARDs, and the 
difference becomes clinically relevant in patients over 76 
years [68, 70]. In contrast, data on cardiovascular (CV) risk 
are inconsistent, with large observational studies showing 
no increased risk in patients over 65 years on JAKis com-
pared with TNFis [66, 71, 72]. Recently a group of Japanese 
authors evaluated the retention rate of JAKis in elderly (< 
65 years) and very elderly (> 75 years) patients and showed 
no differences between the two groups, even when analysing 
the discontinuation rate due to adverse events [73]. How-
ever, the survival curve changed in patients treated with the 
approved dose compared with those treated with the reduced 
dose, showing a significantly higher retention rate with the 
reduced dose. The main reason for discontinuation in all 
patient categories was infection [73].

In clinical practice, it has been observed that age is one 
of the main factors affecting the choice of bDMARD, with 
abatacept and tocilizumab being the most commonly used in 
older patients [74]. Indeed, both abatacept and tocilizumab 
are also the drugs with the highest drug retention among 
patients aged 75 years and older. Abatacept in particular 
appears to be the b/tsDMARD with the lowest discontinua-
tion rate due to adverse events, particularly in older patients 
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[70, 75, 76]. In view of the good safety profile of abatacept, 
also in the long term, the British Society for Rheumatology 
recommends its use as a first-line bDMARD for patients 
at high risk of infection [77]. However, tocilizumab’s good 
persistence may be related to the possibility of using toci-
lizumab effectively even as monotherapy. Indeed, the use 
of methotrexate in elderly patients is often poorly tolerated 
or contraindicated due to polypharmacology and potential 
impaired renal function [78]. Higher disease activity and 
C-reactive protein (CRP) levels at baseline have also been 
reported in patients with elderly-onset RA, which could 
explain the good clinical response to tocilizumab in these 
patients [79]. Nevertheless, as tocilizumab has been shown 
to increase the risk of bowel perforation in patients with 
pre-existing diverticulitis, special care should be taken when 
treating elderly subjects, who are more likely to be affected 
by diverticulosis.

4.2  Sex

Several lines of evidence suggest that women tend to 
respond less to bDMARDs than men do, despite similar 
baseline disease activity between the sexes [80, 81]. This 
finding was recently confirmed by a post-hoc analysis of the 
NORD-STAR trial, a RCT comparing the efficacy and safety 
of three different bDMARDs (certolizumab, abatacept and 
tocilizumab) with conventional active therapy (csDMARDs 
plus oral or intra-articular corticosteroids) in patients with 
early RA [82, 83]. Response was lower in women than in 
men in each treatment arm, particularly in the tocilizumab 
group [83]. 

The influence of sex on the response to JAK inhibitors, 
however, seems to be limited to pain modulation. A greater 
effect on pain was observed in men than in women, but the 
overall response and thus the likelihood of achieving the 
therapeutic goal seems to be the same in both sexes [84].

In terms of safety, it has been shown that men with RA 
are more prone to adverse events, particularly serious infec-
tions, during biologic treatment [85] and also have a signifi-
cantly higher 10-year risk of cardiovascular disease (CVD) 
than women [86].

These data suggest that sex may be a discriminatory fac-
tor in the choice of therapy. However, to date there is a lack 
of randomized trials specifically designed to test whether 
there are differences in the efficacy of different DMARDs 
between men and women [87].

4.3  Reproductive Health/Pregnancy and Lactation

Women are two to three times more likely to have RA than 
men, and the disease often starts during their childbearing 
years [88]. The choice of therapy must also take into account 

the patient’s current or future life plans. Biological drugs can 
be actively transported across the placenta via the Fc region 
of the monoclonal antibody. The only exception is certoli-
zumab, which lacks Fc portion and is conjugated to a poly-
ethylene glycol (PEG) molecule. Its unique structure makes 
it compatible with all three trimesters of pregnancy. More 
recently, the other TNFis have also been shown to be com-
patible with pregnancy, but it is recommended that they be 
discontinued between the first and second trimester, depend-
ing on their half-life, to ensure adequate immunization of the 
unborn child [89]. For the other bDMARDs, although there 
are no data to support their teratogenicity or increased risk 
of infection, it is recommended that they be discontinued at 
conception due to the paucity of evidence [89]. With regard 
to lactation, minimal transfer of bDMARDs into breastmilk 
has been reported [90]. However, many studies have shown 
that IgG antibodies are efficiently digested by the infant 
gut [91]. According to the latest guideline on prescribing 
in pregnancy and breastfeeding from the British Society of 
Rheumatology, all TNFis are compatible with breastmilk 
exposure. Indications also exist for other bDMARDs, but 
these are based on limited evidence. Data on the safety of 
JAKis during pregnancy and lactation are still too limited, 
and therefore, these should be avoided [89].

4.4  Compliance and Adherence to Treatment

In general, the preferred route of administration for patients 
is the least invasive, which is primarily the oral route [92]. 
The parenteral route of administration can also be easily 
associated with the occurrence of infusion reactions or 
drug injection-site symptoms, most of which are mild (i.e. 
pain, erythema, itching, swelling, and burning) but can still 
alter patient satisfaction with treatment and potentially lead 
to reduced adherence [93]. However, intravenous therapy 
may allow for closer and more careful monitoring of those 
patients who have demonstrated low adherence [94].

4.5  Comorbidities

4.5.1  Cardiovascular Disease (CVD)

Inflammation is a pathophysiological process highly cor-
related with atherogenesis and atherothrombosis [95]. It is 
known that people with RA have an increased risk of cardio-
vascular (CV) morbidity and mortality and that inflamma-
tion confers a 1.5-fold further increase in the CV risk related 
to traditional risk factors [96–98]. Recently, large RCTs have 
shown that modulation of inflammation could be an effective 
prevention strategy in the general population [99, 100] as 
well as in RA patients. In particular, several observational 
studies have shown how the use of TNFis correlates with a 
reduction in CV risk in RA patients [101, 102], and a recent 
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study even demonstrated a reduction in inflammation at the 
vascular level that was independent of clinical response 
related to the decrease of disease activity [103]. However, in 
patients without RA, the ATTACH trial demonstrated higher 
rates of death or hospitalization in subjects with congestive 
heart failure (CHF) receiving infliximab, especially in the 
subgroup treated with a high dosage (10 mg/kg), which is 
not approved for RA treatment [104]. Another two similar 
RCTs with etanercept showed no differences in the rates 
of hospitalization or death between etanercept and placebo 
[105]. These findings led to the conclusion that TNFis may 
cause cardiomyocyte dysregulation in a decompensated 
heart [106]. For this reason the ACR suggested that the use 
of TNFis should be avoided or used with extreme caution in 
patients with chronic heart failure, especially in those with 
New York Heart Association (NYHA) class III or IV [107]. 
Actually, in patients with RA, there is some evidence sup-
porting a protective role of TNFis against the development 
of heart disease [108–110], especially diastolic dysfunc-
tion, which is known to be strictly related to inflammatory 
cytokines, including TNFα [111].

Inhibition of IL6, a cytokine widely implicated in CV 
disease risk in both RA patients and the general popula-
tion, has been shown in several clinical trials to alter the 
lipid profile, with increases in total cholesterol, low-density 
lipoprotein (LDL) cholesterol and triglycerides, but also to 
be associated with an increase in high-density lipoprotein 
(HDL) cholesterol levels and function [112] and a reduction 
in other pro-atherogenic proteins such as serum amyloid A, 
lipoprotein (a) and secretory phospholipase A2 [113, 114]. 
Nevertheless, the metabolic changes induced by IL-6 inhibi-
tion have been shown not to be associated with an increased 
CV risk, being comparable in fact to that associated with 
TNFis [115].

Abatacept appears to have a very good CV safety pro-
file and has shown greater cardioprotection than TNFis and 
other bDMARDs in many studies [116, 117].

The impact of JAKis on CV disease is a current topic of 
debate and study. As mentioned above, concerns about the 
cardiovascular safety of JAKis arose in 2022 from a post-
marketing safety surveillance study of tofacitinib (ORAL 
Surveillance), which enrolled patients with RA with an inad-
equate response to methotrexate who were over 50 years of 
age and had at least one cardiovascular risk factor [8]. The 
study showed an increased incidence of major adverse car-
diovascular events (MACE) with tofacitinib compared with 
TNF inhibition based on a prespecified non-inferiority cri-
terion. The risk of MACE was higher in patients older than 
65 years, and patients enrolled in North America. A post-hoc 
analyses revealed that risk of MACE was primarily observed 
in patients with a history of atherosclerotic cardiovascular 
disease (ASCVD), while no differences between tofacitinib 
and TNFi were observed in those with prevalent risk factors 

but no history of ASCVD [64]. Despite the results of ORAL 
Surveillance, prior to this trial, data from several RCTs [118, 
119], systematic reviews and meta-analyses [120] found no 
difference in the rate of CV events in patients receiving 
JAKis compared with placebo. Furthermore, recent real-
world observational data have shown that CV risk is simi-
lar between JAK inhibitors and other bDMARDs [66, 72, 
121, 122]. However, a numerical increase in cardiovascular 
events was observed in some studies when the analysis was 
restricted to patients with pre-existent cardiovascular risk 
factors [121, 122].

Pending more robust epidemiological data and studies 
clarifying the pathogenetic mechanism underlying the CV 
risk associated with JAKis, the most reasonable approach 
at present seems to be risk stratification on an individual 
patient basis, including medical history of ASCVD and the 
use of CV risk scores that have been validated in patients 
with RA [97, 123–125].

4.5.2  Venous Thromboembolic (VTE) Risk

Patients with RA are at increased risk of VTE [126, 127] due 
to systemic inflammation leading to endothelial dysfunction 
and vascular damage that may predispose patients to the 
development of venous and arterial thrombi [128]. While 
there has been no evidence from clinical trials or observa-
tional registries of an increased risk of VTE associated with 
the use of bDMARDs, warnings have recently been raised 
in patients treated with JAKis. Indeed, an increased inci-
dence of VTE events has been described in association with 
tofacitinib and baricitinib, mostly at higher doses (10 mg 
twice daily (BID) and 4 mg once daily, respectively) [8, 9]. 
Also, a post-hoc analysis of the SELECT phase 3 clinical 
programme with upadacitinib revealed a higher incidence 
of thromboembolic events in patients with a higher CV risk 
[129]. Data from real-world practice are somewhat conflict-
ing, but overall an increase in thrombophlebitis, deep vein 
thrombosis or pulmonary embolism has been observed in 
patients treated with JAKis compared with those treated 
with bDMARDs [72, 130]. Risk of VTE was highest among 
males and those with a previous history of VTE [130]. To 
date, no increased thromboembolic risk associated with 
using filgotinib was reported. As filgotinib has only recently 
been introduced, it is important to note that real-world stud-
ies do not include (or include a very small proportion of) 
patients treated with filgotinib.

4.5.3  Malignancies

Incidence of malignancies is overall increased in patients 
with RA compared with general population, mainly due 
to an increased occurrence of lung cancer and lymphoma 
[131–133]. Despite optimal disease control and application 
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of a treat-to-target strategy, cancer still remains an important 
cause of death in RA [134]. A large amount of data has been 
reassuring on the cancer risks with the use of bDMARDs, 
particularly with TNFis and rituximab, even in the long 
term [135–138]. Some concerns exist about treatment with 
abatacept, which has shown conflicting results. Three stud-
ies found a statistically significant increased risk of cancer 
overall with abatacept [138–140], while two studies did not 
confirm these findings [141, 142]. However, an increased 
risk of melanoma and non-melanoma skin cancer was noted 
with abatacept [142, 143]. There is less data on the risk asso-
ciated with anti-IL6R drugs, but evidence suggests they are 
not associated with an increased risk of cancer [138, 144].

Regarding JAKis, in the ORAL Surveillance trial, a 
higher incidence of both adjudicated malignancies exclud-
ing non-melanoma skin cancer (NMSC) and of NMSC was 
observed with combined tofacitinib doses in comparison to 
TNFis (4.2% and 2.2% for tofacitinib versus 2.9% and 1.1% 
for TNFis) [8]. Risk was highest in patients with history 
of ASCVD or increased CV risk [145]. To better estimate 
the association of JAKis with the incidence of malignancy, 
a large meta-analysis was performed including 78 clinical 
trials and long-term extension studies of all the approved 
JAKis in adults with all the licensed indications (RA, pso-
riatic arthritis, psoriasis, axial spondyloarthritis, inflam-
matory bowel disease and atopic dermatitis) [146]. Results 
showed that JAKis are not associated with a higher incidence 
of malignancies compared with placebo or methotrexate. 
However, JAKis seemed to be associated with a higher inci-
dence of cancer compared with TNFis [146]. Considering 
that treatment with TNFis resulted in a significant reduced 
cancer risk compared with placebo, it could be discussed 
whether JAKis are harmful or rather whether they are less 
protective than TNFis with regard to cancer risk. Real-world 
observational short-term studies have found no increased 
risk of cancer overall with JAKis compared with TNFis 
[138, 147, 148], with the only exception of NMSC [149].

The issue becomes even more complex and sensitive 
when the treatment has to be started in a patient who has 
already been diagnosed with cancer in the past. As a history 
of cancer is generally an exclusion criterion in RCTs, there is 
a lack of robust safety evidence for the use DMARDs in this 
population. Recommendations for treating RA in oncologi-
cal patients are also based on low-grade evidence—mostly 
expert opinion [150]. However, reassuring data are emerging 
about a non-increased risk of tumour recurrence with the use 
of b/tsDMARDs [151]. A greater amount of evidence exists 
for TNFis and rituximab [152, 153].

4.5.4  Infections

Infections are a major cause of mortality in RA. The risk 
of serious infections (SIs) in RA, estimated to be 50% 

higher than in matched patients with non-inflammatory 
musculoskeletal conditions, may be explained by 
disease-related immune alterations, comorbidities and/or 
immunosuppressive medications [154]. An increased rate of 
serious infections has been reported for several biologicals 
as compared with placebo and conventional DMARDs [155, 
156].

Recently, a scoping review and meta-analysis combined 
the results of 242 studies (trials and registries) involving a 
total of 293,431 patients to estimate the impact of biologic 
and targeted synthetic therapies on infectious complications 
in RA patients. The study showed that non-serious infections 
were much more common than serious infections during the 
use of b/tsDMARDs in RA. In fact, 30% of patients experi-
enced an infection during a trial, compared with 2–3% who 
experienced a serious infection. There were no differences in 
the risk of serious infections between the different biologi-
cals. However, the proportion of patients with serious infec-
tions was highest among rituximab users compared with 
other drug classes. TNFis were associated with an increased 
proportion of mycobacterial infections. Conversely, tofaci-
tinib use was associated with an increased proportion of 
herpes zoster [157]. This study confirms what was already 
partly known. In fact, the use of anti-TNF drugs is notably 
associated with risk of reactivation of latent tuberculosis 
[158], while herpes zoster, or varicella zoster virus (VZV) 
reactivation has emerged as the most relevant infectious 
complication of JAKis. Data from safety analyses of tofaci-
tinib, baricitinib and upadacitinib have reported increased 
rates compared with placebo, with a greater risk in patients 
prescribed higher doses [159–161]. Real-world data have 
also confirmed HZ as the most common adverse event with 
these drugs, with no significant difference between them. 
The risk is greatest in elderly patients, those concomitantly 
prescribed glucocorticoids or MTX and in Asian regions 
[162]. Multidermatomal or disseminated herpes has been 
rarely described, while no cases of visceral disease or death 
are known [162]. Uncomplicated HZ has also been reported 
in filgotinib clinical trials, particularly in patients older than 
55 years. A recent network analysis of RCT data reported 
that filgotinib is associated with the lowest risk of HZ com-
pared with other JAKi [163].

4.5.5  Obesity

Obesity is a common comorbidity in RA patients and has 
been shown to have a strong direct and indirect impact on 
disease activity. Indeed, obesity is an inflammatory state 
characterized by an excess of visceral adipose tissue, which 
is associated with elevated levels of C-reactive protein (CRP) 
and erythrocyte sedimentation rate (ESR) [164]. Obese RA 
patients have higher disease activity at baseline, higher 
scores on patient global assessment, pain, disability and 
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overall quality of life. Several studies (RCTs or observational 
trials) have evaluated the impact of obesity on the response 
to individual treatments [165]. For TNFis, a higher BMI at 
baseline has been observed to correlate with a lower like-
lihood of achieving and maintaining the therapeutic goals 
of remission or low disease activity (LDA) over time [166, 
167]. In contrast, BMI does not appear to influence the thera-
peutic response to anti-IL6Rs and abatacept, which showed 
the same clinical response rate in both normal-weight and 
overweight patients [168–171]. It has been hypothesized that 
pathophysiological mechanisms intrinsic to the production 
of pro-inflammatory adipokines may explain the differential 
effect of obesity on the response to different anti-cytokine 
drugs (TNFis versus anti-IL6R) [172]. Less is known about 
how obesity affects response to JAKis. Results from post-
hoc analyses of RCTs showed no significant difference in 
clinical response between overweight and normal-weight 
patients for tofacitinib, baricitinib, and filgotinib [173–175]. 
This finding has been confirmed in real life experience [176, 
177].

5  Disease‑Related Factors

5.1  Seropositivity

Patients with RA are commonly stratified according to 
rheumatoid factor and/or anti-citrullinated protein antibody 
(ACPA) positivity. The serological status appears to confer 
a different clinical course and prognosis between patients 
who are seropositive and those who are seronegative [178]. 
The antibody profile may also influence the clinical response 
to some DMARDs. In particular, drugs that affect the adap-
tive immune response by altering the antibody production 
process, i.e., rituximab and abatacept, are particularly effec-
tive in seropositive patients [18, 179, 180]. The effect of 
serological status on clinical response to other bDMARDs 
is less clear [181, 182]. Similarly, the clinical response of 
patients treated with JAKis does not appear to be influenced 
by their serological status [183, 184].

5.2  Extra‑Articular Manifestations

5.2.1  Interstitial Lung Disease

The incidence of interstitial lung disease (ILD) in patients 
with RA varies from 10% to 20%, depending on the clinical 
or radiological definition. To date, there is limited and 
often conflicting data regarding the optimal management 
of patients with RA-ILD. Previously, it was reported that 
TNFis could lead to a worsening of lung function in patients 
already suffering from RA-ILD [185]. However, subsequent 
studies did not confirm these data and reported similar 

incidence and progression rates compared with other classes 
of bDMARDs [186]. Nevertheless, the use of non-anti-TNFi 
bDMARDs appears to be associated with a lower risk of ILD 
progression, acute flares and mortality compared with TNFis 
[187–189]. In particular, abatacept appears to be associated 
with a lower risk of infections, which are one of the main 
causes of progression and mortality in patients with RA-ILD 
[190].

The role of JAKis in RA-ILD remains to be clarified. 
Recently, very promising and reassuring data have emerged 
that seem to demonstrate their potential in reducing the 
occurrence of RA-ILD [191] and clinical and radiographic 
progression in already-affected patients [186, 192, 193]. In 
this context, two RCTs evaluating the efficacy and safety 
of tofacitinib in patients with RA-ILD (NCT04311567 and 
NCT052462) are ongoing.

6  Discussion/Current Gaps

More than 50% of patients do not respond to first-line 
treatment with methotrexate and are candidates for treat-
ment escalation to biologic or targeted synthetic DMARDs. 
Undoubtedly, the recent positioning of international regula-
tory agencies regarding the safety profile of JAKis has been 
a major limitation for the prescription of this drug class 
in patients who are insufficiently responsive to MTX. In a 
cohort of 198 patients treated with JAKis, we demonstrated 
the presence of ineligibility criteria in 45.4% of the study 
population, confirming that an age of over 65 years and/or 
the presence of cardiovascular, oncological or thromboem-
bolic risk factors is a fairly frequent occurrence in a real-
life population of RA patients. In these cases, the choice 
of the first targeted therapy after MTX failure can only fall 
to a bDMARD, to be identified taking into consideration 
the different available mechanisms of action (MoAs). In the 
remaining segment of patients who do not carry such spe-
cific risk factors, the range of therapeutic options is broader 
and also includes the class of JAKis.

Ideally, the choice of drug should be made by select-
ing the treatment that provides the best clinical response 
with the least toxicity for each patient. Unfortunately, no 
clinical, radiological or biological markers have yet been 
identified that can predict treatment response. Great efforts 
are being made towards precision medicine approaches in 
RA, and one of the major challenges in this field is the high 
degree of heterogeneity of the disease. In recent years, the 
study of synovial tissue and the use of multi-omics meth-
ods allowed the identification of several histological patho-
types whose cellular and molecular signature may be able 
to predict response to treatment [3, 194]. In addition, it has 
been possible to identify several synovial effector cells that 
may constitute potential therapeutic targets [195, 196]. The 
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improved ability to access synovial tissue with minimally 
invasive techniques and to study its cellular and molecular 
pathways has allowed the first biopsy-driven clinical trials, 
whose results are paving the way for interesting new per-
spectives [197, 198]. It is reasonable to imagine that the 
design of innovative clinical trials, specifically designed not 
only to identify biomarkers but also to elucidate the mecha-
nisms of response or non-response to different drugs, will 
lead to the selection of the right therapy for each individual 
patient a priori, thereby increasing the response and per-
sistence rates of individual treatments [2]. Until the devel-
opment of a true precision medicine, therapeutic decisions 
can still be based on a personalized approach, taking into 
account the intrinsic properties of the drug, the characteris-
tics of the patient (for example, age, sex, co-morbidity and 
the patient’s preference for the route of administration) and 
those of the disease (for example, serology status and the 
presence of extra-articular manifestations), in accordance 
with international recommendations. However, all of this 
cannot ignore the economic aspect. Since the patent expiry 
of the first TNFis, the economic gap in terms of annual cost 
between biosimilar and branded drugs is still very wide, 
albeit with progressive levelling down of the overall price 
of targeted products. In this scenario and in the absence of 
strong clinical drivers or biomarkers to guide the therapeutic 
choice elsewhere, the use of a TNFi as first-line targeted 
therapy still represents the most proper treatment choice for 
the vast majority of MTX-IR patients.

Cases in which to deviate from this approach and pre-
scribe a JAKi as first-line targeted therapy may include nee-
dle-phobic patients in whom the use of an oral rather than 
parenteral product could significantly increase therapeutic 
adherence. In addition, patients intolerant to concomitant 
MTX may benefit from drugs such as JAKis that have dem-
onstrated clinical efficacy as monotherapy comparable to 
that in combination with csDMARDs. Finally, the presence 
of a prominent pain component in the clinical picture with 
a marked elevation of PRO scores may represent a driver 
towards the early use of JAKis upon MTX failure.
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