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Abstract

Biosimilars are biologic products that provide equal mechanisms and efficacy to that of their original
biologic references. This paper aims to provide a comprehensive overview of the numerous ways
biosimilars are improving care for individuals living with rheumatoid arthritis (RA), from the effective
application of biosimilars in treatment-naive RA patients, switching from an original biologic to a
biosimilar, to the ability to tailor biologic therapy in respect to mechanisms provided by different biologic
classes. Biosimilars provide a significant reduction in cost and provide patients with treatment options that
do not exhibit adverse drug reactions (ADRs) as exhibited with methotrexate and other conventional
synthetic disease-modifying antirheumatic drugs (csDMARDs). Understanding mechanisms to discern
patient response to biologic therapies will gain increasing importance as biosimilars with different targeted
mechanisms enter the market. Patients who do not respond to one class of biologic medicine now have
alternative biosimilars available to support their care. Study results support that patients initiated on
biosimilars stay on biosimilars, so it is prudent to remain aware of the biosimilars available and candidates
in development.
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Introduction

Biological disease-modifying antirheumatic drugs (bDMARDs), are designed to target specific mediators of
the immune system contributing to rheumatoid arthritis (RA) inflammation. They are more selective than
conventional synthetic disease-modifying antirheumatic drugs (csDMARDs), while providing a faster onset
to symptom relief and remission [1]. Biologic DMARDs represent a significant improvement in the
treatment of RA and other autoimmune diseases, however, the costs associated with this class of
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medication remain a barrier. Biosimilars offer a cost-effective alternative, making this powerful class of
medications more accessible by removing financial obstacles to their use.

Targeted treatment in the setting of RA and comorbidities

The bDMARDs are not “one size fits all”. The 2024 updated recommendations by the French Society of
Rheumatology for diagnosis and management of RA provide guidance on when select bDMARDs may be
preferred over others, such as when individuals become pregnant or wish to become pregnant, in the
presence of cardiovascular comorbidities, or those with a history of cancer [2]. Figure 1 provides a
depiction of recommendations based on coexisting conditions, as recommended by expert guidelines,
corresponding clinical studies, and translational evidence.
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Figure 1. Tailored bDMARDs for RA with coexisting conditions [2-8]. bDMARDs: biological disease-modifying
antirheumatic drugs; RA: rheumatoid arthritis; PEG: polyethylene glycol; CDRs: complementarity-determining regions.
Downward arrows indicate ‘decreasing’. Created in BioRender. Shea, L. (2025) https://BioRender.com/y00r741

Pregnancy

Certolizumab-pegol, the preferred tumor necrosis factor « inhibitor (TNFa-i) in pregnancy, does not have a
biosimilar available. Fortunately, there is one currently in development [9]. The lack of a certolizumab-
pegol biosimilar is an important deficiency in available biosimilars due to the safety of this biologic in
pregnancy and breastfeeding. Certolizumab-pegol lacks the Fc fragment of IgG, which is what binds to the
neonatal Fc receptor and is transported to the placenta [3]. [gG antibodies are antibodies that are
transferred from the mother to the fetus [3]. When evaluating the placental transfer of TNFa-i therapies,
certolizumab-pegol levels were below detection whereas detectable levels were identified with infliximab,
adalimumab, and etanercept [3]. The exposure of TNFa-i to the fetus is not ideal, however, TNFa-i therapies
are considered safe in pregnancy, with a Food and Drug Administration (FDA) pregnancy level B [3]. The
discontinuation of TNFa-i may be more harmful as increased levels of TNFa can negatively impact the
pregnancy [3].
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Cancer

In individuals living with RA and a history of cancer, certain targeted therapies may be preferred over
others [2]. Rituximab targets the CD-20 antigen on B-cells [10]. It is indicated for the treatment of B-cell
(Iymphocyte) cancers, so it provides an effective treatment modality for both hematologic cancers and RA.
Interleukin-6 (IL-6), a pro-inflammatory cytokine, plays a role in promoting tumor growth and metastasis
in various solid cancers [2-9, 11]. Tocilizumab, an IL-6 receptor inhibiting monoclonal antibody, may be
beneficial in modulating the tumor microenvironment. However, more research is needed to establish its
role in cancer prevention or treatment. The inflammatory processes involved in RA already increase an
individual’s risk for cancer, so targeted therapy that effectively results in remission is protective.
Importantly, the ideal option for any individual living with RA can only truly be determined between the
rheumatologist and their patient.

Cardiovascular disease

RA inflammation has systemic consequences leading to accelerated atherosclerosis, increased plaque
burden, thrombogenesis, and plaque vulnerability [5, 6]. It is essential to treat to remission to prevent the
worsening of disease, disability, and significant cardiovascular morbidity and mortality [5, 6]. A study
evaluating biologics and major adverse cardiovascular events (MACE) identified individuals with RA (with
high disease activity at baseline) not on bDMARDs were associated with a greater risk of MACE than those
with high disease activity and on bDMARDs [7]. The findings indicate that it is not simply the reduction in
disease activity that provides cardiovascular protection, as the reduction in risk identified by those on
bDMARDs included responders and non-responders [7]. A real-world study performed in Germany
identified that TNFa-i in the setting of RA is more likely to be protective than harmful for patients with
heart failure (HF) [8]. This is relevant as a clinical trial investigating the TNFa-i, infliximab, as a treatment
option for HF resulted in patients in the infliximab arm exhibiting higher incidences of worsening HF and
increased HF-associated hospitalizations [12]. The importance is the distinction that the worsening of HF
and hospitalizations was demonstrated in trials evaluating infliximab for the treatment of HF, not in
individuals with RA and HF [12]. In the setting of RA, TNFa-i therapy has consistently exhibited a
cardiovascular risk reduction [5-8, 13, 14].

Biosimilars in the setting of RA

RA is an autoimmune condition in which early and effective treatment is imperative to arrest the
inflammatory processes that manifest well before clinical symptoms present. Inflammation present with RA
is often depicted with a picture of a hand showcasing the deleterious effects on the joint composition, but
RA inflammation has systemic consequences [5, 6]. The deleterious inflammation present with RA may also
contribute to the development of other autoimmune conditions, as overlap in cytokine pathways and
immune mechanisms exist [15]. The bDMARDs indicated for RA excel in targeting and inhibiting
inflammatory pathways responsible for the manifestation of the disease [1, 16]. Furthermore, bDMARDs
have demonstrated superior outcomes when compared to csDMARDs in improving clinical disease activity,
physical function, and inflammation identified with magnetic resonance imaging (MRI) [1]. A retrospective
cohort identified that methotrexate step-up therapy with csDMARDs demonstrated less efficacy than TNFa-
i with methotrexate [17]. Some guidelines do not provide preference for TNFa-i over other bDMARDs [2]. In
the United States (US), TNFa-i is recommended as initial step-up therapy for individuals with moderate to
severe disease activity that have not responded to maximally tolerated methotrexate therapy [4].
Fortunately, TNFa-i currently have the most biosimilar options in the RA bDMARD artillery [18]. When
individuals do not respond to TNFa-i therapy, there are additional biosimilar options available. However,
failure to respond to one does not indicate an individual will not attain benefit from a different TNFa-i.
These therapies all provide inhibitory action on the cytokine TNFa, however, the mechanisms, affinity,
binding, and molecular structures are different [10].

For those that TNFa-i therapy does not result in remission, there are additional bDMARDAs available
as biosimilars: rituximab and tocilizumab [18].
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The biosimilar journey

While biosimilars are less costly than original reference products, they still represent a significant financial
investment. The biosimilars currently available on the market provide equivalent safety and efficacy [19-
24]. Because biologics are more complex to identify, develop, and study, biosimilars do not share the same
reduction in production cost as seen with generics for synthetic molecules. Biosimilars do not have the
extensive research and development costs to re-coup as the original biologic (reference) product but still
have an expensive journey in research costs (to ensure the biosimilar has the same efficacy as the
reference), and due to complex manufacturing processes.

Figure 2 provides a depiction of when biosimilars were approved by the FDA as a prescription
medication, and when launched onto the US market. The launch indicates when the biosimilar is truly
available to the public. There may be a significant gap between FDA approval and market launches due to
reference product patent extensions.
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Figure 2. US timeline for biosimilars indicated for RA; approval and launches [18]. RA: rheumatoid arthritis; FDA: Food
and Drug Administration

Biosimilars approved for RA

Biosimilars indicated for the treatment of RA available in the US and/or Canada are provided in Table 1.
There are several biosimilars available for adalimumab and infliximab. Etanercept biosimilars are available
in Canada, but not yet in the US due to patent extensions. Rituximab and tocilizumab biosimilars are also
available in both countries, providing additional biologic classes for those not attaining remission/low
disease activity with TNFa-i therapy, or those with a history of cancer. You will note that the naming of
biosimilars in Canada does not include the 4 letters assigned to biosimilars as required with biosimilars in
the US [25].

TNFa-i biosimilars

Although all TNFa-i’'s demonstrated remarkable efficacy in treating RA, each biologic exhibits distinct
characteristics. Adalimumab is a fully human monoclonal antibody [10]. Etanercept is a fusion protein
consisting of two human p75 TNFa receptors (specifically the TNFR2) coupled to the Fc portion of a human
antibody [10]. Infliximab is a humanized-chimeric antibody, engineered with a predominant human
sequence (75%) and a smaller murine component (25%) [26]. While all three TNFa-i have been shown to
be efficacious in RA, etanercept does not exhibit efficacy in the treatment of inflammatory bowel disease
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Table 1. Biosimilars indicated for RA available in the United States and Canada [18, 25]

Biologic original (reference)

Biosimilar(s) available in the US

Biosimilar(s) available in Canada

TNFa-i
Adalimumab (Humira®)

Certolizumab pegol (Cimzia®)
Golimumab (Simponi®)

Abrilada (adalimumab-afzb)

Amijevita (adalimumab-atto)

Cyltezo (adalimumab-adbm)
+ Hadlima (adalimumab-bwwd)

Hulio (adalimumab-fkjp)

Hyrimoz (adalimumab-adaz)

Idacio (adalimumab-aacf)

+ Simlandi (adalimumab-ryvk)
* Yuflyma (adalimumab-aaty)
* Yusimry (adalimumab-aqvh)
None

None

Abrilada (adalimumab)

Amijevita (adalimumab)

Hadlima (adalimumab)
)

* Hyrimoz (adalimumab

Hulio (adalimumab)

Idacio (adalimumab)

Simlandi (adalimumab)
* Yuflyma (adalimumab)
* Yusimry (adalimumab)

None
None

Etanercept (Enbrel®) 2 approved but not available * Brenzys (etanercept)
* Elrezi (etanercept)
* Rymti (etanercept)
Infliximab (Remicade®) + Avsola (infliximab-axxq) + Avsola (infliximab)

* Inflectra (infliximab-dyyb) Inflectra (infliximab)

+ Infliximab (infliximab) * Remsima (infliximab)

+ Renflexis (infliximab-abda) Renflexis (infliximab)
» Zymfentra (infliximab-dyyb)
CD20 antigen substrate that leads to B-cell lysis

Rituximab (Rituxin®)

* Riabni (rituximab-arrx) Riabni (rituximab)

* Ruxience (rituximab-pvvr) Riximyo (rituximab)

+ Truxima (rituximab-abbs) Ruxience (rituximab)

Truxima (rituximab)
IL-6-receptor inhibitor
Tocilizumab (Actemra®)

+ Tofidence (tocilizumab-bavi) Tyenne (tocilizumab)

» Tyenne (tocilizumab-aazg)

Sarilumab (Kevzara®) None None
Co-stimulatory inhibitor of T cell activation

Abatacept None None
(Orencia®)

RA: rheumatoid arthritis; TNFa-i: tumor necrosis factor a inhibitor; IL-6: interleukin-6

(IBD) [26]. When evaluating the differences between the therapies, it has been identified that etanercept
exhibits less stable complexes with soluble TNFa, and binds to TNFa with a 1:1 ratio, rather than infliximab
which has been shown to bind to all 3 binding sites [26, 27].

Infliximab was the first RA biosimilar to become available in the US in 2016 [18]. A study performed in
European countries evaluating cost-savings obtained with the use of the infliximab biosimilar in
comparison to the reference reported significant cost reductions ranging from 22.37 million to 25.7 million
Euros [28].

Table 2 provides a snapshot of clinical trials and American College of Rheumatology 20% improvement
(ACR20) comparisons at 24 weeks for adalimumab and etanercept biosimilars and their reference
products. See Table 3 for a description of ACR scoring.

Important studies for biosimilars evaluate if efficacy and safety are maintained when individuals
switch from the reference (the original biologic) to the biosimilar, or variations thereof in crossover studies.
The Spanish RESTART study evaluating the biosimilar MSB11022 (adalimumab-aacf) identified that
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Table 2. TNFa-i biosimilar clinical trial examples [20-24, 29-31]

Biosimilar compared to reference Patients on Patients on Biosimilar ACR20 Reference ACR20
biosimilar (n) reference (n) (%) (%)

PF-06410293 (adalimumab-afzb); 297 300 68.7 72.7

Abrilada®

MSB11022 (adalimumab-aacf); 147 145 85.7 82.8

Idacio®

FKB327 (adalimumab-fkjp); Hulio® 366 362 77 79.3

Bl 695501 (adalimumab-adbm); 321 318 68.8 64.5

Cyltezo®

Bl 695501 (adalimumab-adbm); 297 300 83.2 77.7

Cyltezo®

SB5 (adalimumab-bwws); Hadlima® 271 273 67.2 67.4

ABP 501 (adalimumab-atto); 264 261 73.5 72.4

Amjevita®

SB4 (etanercept-ykro); Eticovo® 299 297 80.8 81.5

GP2015 (etanercept-szzs); Elrezi® 186 190 88.8 93.6

TNFao-i: tumor necrosis factor a inhibitor; ACR20: American College of Rheumatology 20% improvement

Table 3. RA assessment & scoring tools [32]

Assessment tools Description
Disease Activity Score-28 (DAS28) Scale 0-9.4
» Tender joint count * Remission: < 2.6
+ Swollen joint count * Low disease activity: > 2.6 and < 3.2
» Blood markers of inflammation (ESR or CRP) * Moderate disease activity: > 3.2 and < 5.1
» Patient’s assessment of their global health (VAS analogue » High disease activity: > 5.1
scale)
Clinical trial assessment tool Scoring system

* American College of Rheumatology (ACR) developed criteria + ACR20: 20% improvement in comparison to baseline

to evaluate treatment efficacy in RA clinical trials - ACR50: 50% improvement in comparison to baseline

+ ACRY70: 70% improvement in comparison to baseline

RA: rheumatoid arthritis; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; VAS: visual analogue scale

efficacy and safety were maintained in individuals switched from the reference to the biosimilar [31]. This
is consistent with other trials of this adalimumab biosimilar, and the other biosimilars currently available
[20,29-31, 33].

Monoclonal antibody targeting CD20 biosimilar
Rituximab
Rituximab is generally not recommended as a first-line biologic in the setting of RA [4]. This biosimilar is

often reserved for patients with moderate to severe RA unresponsive to other DMARDs, or those with a
history or active hematologic cancer.

The rituximab biosimilar provided a cost reduction of up to 570 million Euros following a budget
impact analysis of 1-3 years [34]. A powerful finding reported was the rituximab biosimilar enables
significantly more individuals to receive rituximab treatment for those with RA and cancer, with estimates
between 7,531 to 47,696 more patients (depending on the scenario) obtaining access that would not be
economically feasible without the cost savings exhibited with the biosimilar [34].

IL-6 inhibitor biosimilar
Tocilizumab

Tocilizumab is often reserved for moderate-severe RA that has not responded to other forms of RA therapy,
such as methotrexate+/- TNFa-i [35]. Interestingly, several trials evaluating tocilizumab have identified
this bDMARD to be effective as monotherapy. The AMBITION (Actemra versus Methotrexate double-Blind
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Investigative Trial In mONotherapy) demonstrated tocilizumab monotherapy provided superior efficacy to
methotrexate monotherapy, with Disease Activity Score-28 (DAS28) remission rates of 33.6% in the
tocilizumab cohort versus 12.1% in the methotrexate cohort [36]. See Table 3 for a description of DAS28.
The ACT-RAY study evaluated the difference in efficacy of tocilizumab monotherapy versus tocilizumab +
methotrexate [37]. Results for the combination cohort included increased incidences of adverse drug
reactions (ADRs) while not demonstrating superiority to tocilizumab monotherapy [37]. Elevated liver
enzymes (alanine aminotransferase, ALTs) were reported as threefold the upper limit of normal in 7.8% of
the combination cohort versus 1.2% for monotherapy [37]. The ADACTA trial evaluated tocilizumab
monotherapy versus adalimumab monotherapy in the setting of RA in which patients were intolerant to
methotrexate therapy [38]. Tocilizumab exhibited superior efficacy over adalimumab in the primary
endpoint of DAS28, with a difference in DAS28 between the two groups of -1.5 [95% confidence interval
(CD: -1.8 to -1.1; p < 0.0001] [38]. A follow-up study was performed to evaluate the cost-effectiveness
exhibited between tocilizumab monotherapy and adalimumab monotherapy [39]. The mean cost associated
with administration and achieving DAS28 < 2.6 was $45,868 for tocilizumab, compared to $244,174 for
adalimumab [39]. Tocilizumab also yielded significant cost savings in achieving ACR20, ACR50, and ACR70
responses, with the latter resulting in a difference of $56,253 for tocilizumab and $143,136 for adalimumab
monotherapy [39]. Tocilizumab monotherapy is a potent and economically viable bDMARD for individuals
living with RA who have not achieved adequate disease control with other therapeutic options.

Biosimilars to support improved quality of life

Current guidelines indicate that methotrexate is generally first line for patients with RA, except for those
with low disease activity at diagnosis, in which current ACR guidelines recommend consideration of
hydroxychloroquine prior to methotrexate [4]. Yes, methotrexate is an effective first-line medication.
However, methotrexate is associated with many ADRs [40]. One ADR rarely mentioned because it is
aesthetic rather than leading to additional poor outcomes, such as pulmonary toxicity, is methotrexate-
induced alopecia [41]. Lukasik et al. [41] performed a study to truly evaluate the incidence of hair loss in
patients initiating methotrexate for RA and found that hair loss occurred in almost 30% of the patients. This
is a significant difference from the 1-3% incidence commonly reported [42]. The discussion of hair loss, or
alopecia, had to be stated because it is rarely mentioned and is worthy of consideration in and of itself.
However, what is well-known about methotrexate is the significant ADR profile [40]. When considering the
importance of treating RA to remission, and the 20-30% reported discontinuation within the first year of
methotrexate due to adverse events [40], it is easy to understand how RA will progress to a worsening state
for many individuals. Methotrexate is an affordable option that is known to provide a level of efficacy
necessary to halt disease progression, however, not without the cost of significant ADRs [40, 41]. Biologic
therapies offer potent treatment options for RA that enhance efficacy while simultaneously preserving or
improving patients’ quality of life.

Biosimilars to support precision medicine

Molecular signatures can aid in the determination of those that may respond better to one therapy over
another. Due to cost restraint and insurance barriers, obtaining a molecular signature may not lead to any
change if the recommended therapy is not on the insurance formulary. However, with biosimilars being less
expensive than reference biologics, there is hope that future molecular signature guidance may provide
actionable information to support personalized and improved treatment of RA.

Rivellese et al. [43] performed a precision medicine randomized clinical trial that included a
comprehensive analysis of molecular signatures and the development of machine learning classifications to
identify complex mechanisms that may lead to response or poor response from biologic agents (rituximab
and tocilizumab) in the setting of RA. This trial addressed the heterogeneity of the disease down to cell
lineages, genes, genetic pathways, and molecular signatures. If ever there was a clinical trial that was a
masterpiece, this would be it. Furthermore, they provide evidence to identify when an individual is more
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likely to respond to tocilizumab in place of rituximab [43]. The authors share that in patients with low
synovial B-cell signatures, only 12% of the patients responded to rituximab, whereas 50% of those with low
synovial B-cell signatures responded to tocilizumab [43]. These responses align with the distinct
mechanisms of action of the biologics: rituximab specifically targets B-cells, whereas tocilizumab acts
through a B-cell-independent pathway [43]. Thus, an individual that has an inflammatory disease that
exhibits less B-cell activity involved with the inflammation, is less likely to respond to a therapy that targets
B-cells. These findings are extremely relevant to current practice as most patients who are indicated for
biologic therapy in the treatment of RA must try and fail at least 1 to 2 TNFa-i prior to having coverage for a
different biologic. With tocilizumab now available as a biosimilar, there are 2 classes of non-TNFa-i
biologics that are available in the biosimilar space, meaning TNFa-i are not the only biologics available at a
reduced cost. If tocilizumab is not a preferred next-line agent for an insurance formulary, knowing the
patient is likely to fail with rituximab based on a molecular signature can offer insight when working on
insurance appeals. Understanding mechanisms to discern patient response to biologic therapies will
become more and more important as machine learning is implemented into clinical practice.

Do patients stay on biosimilar therapy?

A retrospective study evaluating the retention time in individuals treated with original and biosimilar
biologics of adalimumab and etanercept identified that the biosimilar for etanercept resulted in improved
retention time compared to that of the original biologic (45 months versus 19 months of therapy, p =
0.0265) [44]. A large observational study in Sweden evaluated several of the currently available biosimilars
and their original products to determine if differences in retention were identified at 1 year [45]. This study
evaluated the reference and biosimilars for adalimumab, etanercept, infliximab, and rituximab [45].
Importantly, they evaluated two distinct scenarios that are important when evaluating biosimilars in post-
marketing analysis: (1) treatment retention for those starting and staying on either reference or biosimilar
and (2) treatment retention when started on reference and switched to biosimilar [45]. The study identified
an intriguing finding, also reported by Larid et al. [44], in which improved retention of the biosimilar for
etanercept was exhibited in those that started the etanercept biosimilar and stayed on that therapy [hazard
ratio (HR) 0.91 (0.83-0.99)] [44, 45]. In cohorts that had switched from a reference to a biosimilar, no
statistically significant differences in therapy retention were identified at 1 year [45].

Conclusions

Biosimilars provide therapeutically equivalent outcomes at a lower price point, addressing the dual
challenges of clinical efficacy and economic accessibility in RA. While it would be beneficial to have
biosimilars for all current biologics on the market for the treatment of RA, one biologic that is missing and
is of particular importance is certolizumab-pegol, as this biologic is the preferred bDMARD for individuals
wishing to become pregnant or are pregnant living with RA. It is evident that biosimilars are advantageous
for both patients and health systems. Supporting biosimilar approvals enables improved access and care for
individuals living with RA, and significant cost reductions for patients and health systems.
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TNFa-i: tumor necrosis factor inhibitor

US: United States

Declarations
Author contributions

LAS: Conceptualization, Investigation, Writing—original draft, Writing—review & editing. JSA:
Investigation, Writing—original draft.

Conflicts of interest

Both authors declare no conflicts of interest.

Ethical approval
Not applicable.

Consent to participate

Not applicable.

Consent to publication

Not applicable.

Availability of data and materials

Not applicable.

Funding
Not applicable.

Copyright
© The Author(s) 2025.

Publisher’s note

Open Exploration maintains a neutral stance on jurisdictional claims in published institutional affiliations
and maps. All opinions expressed in this article are the personal views of the author(s) and do not
represent the stance of the editorial team or the publisher.

References

1. Mgller-Bisgaard S, Hgrslev-Petersen K, Ejbjerg B, Hetland ML, Christensen R, @rnbjerg LM, et al. Effect
of initiating biologics compared to intensifying conventional DMARDSs on clinical and MRI outcomes in
established rheumatoid arthritis patients in clinical remission: Secondary analyses of the IMAGINE-
RA trial. Scand ] Rheumatol. 2022;51:268-78. [DOI] [PubMed]

2. Fautrel B, Kedra ], Rempenault C, Juge P, Drouet ], Avouac ], et al. 2024 update of the
recommendations of the French Society of Rheumatology for the diagnosis and management of
patients with rheumatoid arthritis. Joint Bone Spine. 2024;91:105790. [DOI] [PubMed]

Explor Musculoskeletal Dis. 2025;3:100787 | https://doi.org/10.37349/emd.2025.100787 Page 9


https://dx.doi.org/10.1080/03009742.2021.1935312
http://www.ncbi.nlm.nih.gov/pubmed/34474649
https://dx.doi.org/10.1016/j.jbspin.2024.105790
http://www.ncbi.nlm.nih.gov/pubmed/39389412

10.

11.

12.

13.

14.

15.

16.

17.

18.

Romanowska-Préchnicka K, Felis-Giemza A, Olesiniska M, Wojdasiewicz P, Paradowska-Gorycka A,
Szukiewicz D. The Role of TNF-a and Anti-TNF-a Agents during Preconception, Pregnancy, and
Breastfeeding. Int ] Mol Sci. 2021;22:2922. [DOI] [PubMed] [PMC]

Fraenkel L, Bathon JM, England BR, Clair EWS, Arayssi T, Carandang K, et al. 2021 American College of
Rheumatology Guideline for the Treatment of Rheumatoid Arthritis. Arthritis Care Res (Hoboken).
2021;73:924-39. [DOI] [PubMed] [PMC(]

Hollan I, Ronda N, Dessein P, Agewall S, Karpouzas G, Tamargo ], et al. Lipid management in
rheumatoid arthritis: a position paper of the Working Group on Cardiovascular Pharmacotherapy of

the European Society of Cardiology. Eur Heart ] Cardiovasc Pharmacother. 2020;6:104-14. [DOI]
[PubMed]

Halacoglu ], Shea LA. Cardiovascular Risk Assessment and Therapeutic Implications in Rheumatoid
Arthritis. ] Cardiovasc Transl Res. 2020;13:878-90. [DOI] [PubMed]

Karpouzas GA, Ormseth SR, van Riel PLCM, Gonzalez-Gay MA, Corrales A, Rantapaa-Dahlqvist S, et al.
Biological use influences the impact of inflammation on risk of major adverse cardiovascular events in
rheumatoid arthritis. RMD Open. 2024;10:e004546. [DOI] [PubMed] [PMC]

Strangfeld A, Richter A. How do register data support clinical decision-making? Z Rheumatol. 2015;74:
119-24. [DOI] [PubMed]

Xbrane to regain full rights to BIIB801, a proposed biosimilar referencing CIMZIA® [Internet].
XBRANE BioPharma; [cited 2025 Jan 21]. Available from: https://xbrane.com/en/mfn_news/xbrane-t
o-regain-full-rights-to-biib801-a-proposed-biosimilar-referencing-cimzia/

Raskova M, Lacina L, Kejik Z, Venhauerova A, Skalickova M, Kolat M, et al. The Role of IL-6 in Cancer
Cell Invasiveness and Metastasis-Overview and Therapeutic Opportunities. Cells. 2022;11:3698. [DOI]
[PubMed] [PMC]

Chung ES, Packer M, Lo KH, Fasanmade AA, Willerson JT; Investigators ATACHF; Anti-TNF Therapy
Against Congestive Heart Failure Investigators. Randomized, double-blind, placebo-controlled, pilot
trial of infliximab, a chimeric monoclonal antibody to tumor necrosis factor-alpha, in patients with
moderate-to-severe heart failure: results of the anti-TNF Therapy Against Congestive Heart Failure
(ATTACH) trial. Circulation. 2003;107:3133-40. [DOI] [PubMed]

Roubille C, Richer V, Starnino T, McCourt C, McFarlane A, Fleming P, et al. The effects of tumour
necrosis factor inhibitors, methotrexate, non-steroidal anti-inflammatory drugs and corticosteroids
on cardiovascular events in rheumatoid arthritis, psoriasis and psoriatic arthritis: a systematic review
and meta-analysis. Ann Rheum Dis. 2015;74:480-9. [DOI] [PubMed] [PMC]

Agca R, Heslinga SC, Rollefstad S, Heslinga M, Mclnnes IB, Peters MJL, et al. EULAR recommendations
for cardiovascular disease risk management in patients with rheumatoid arthritis and other forms of
inflammatory joint disorders: 2015/2016 update. Ann Rheum Dis. 2017;76:17-28. [DOI] [PubMed]
Cojocaru M, Cojocaru IM, Silosi I. Multiple autoimmune syndrome. Maedica (Bucur). 2010;5:132-4.
[PubMed] [PMC(]

Sepriano A, Kerschbaumer A, Bergstra SA, Smolen ]S, Heijde Dvd, Caporali R, et al. Safety of synthetic
and biological DMARDs: a systematic literature review informing the 2022 update of the EULAR
recommendations for the management of rheumatoid arthritis. Ann Rheum Dis. 2023;82:107-18.
[DOI] [PubMed]

Huang Y, Agarwal SK, Chen H, Chatterjee S, Johnson ML, Aparasu RR. Real-world Comparative
Effectiveness of Methotrexate-based Combinations for Rheumatoid Arthritis: A Retrospective Cohort
Study. Clin Ther. 2023;45:e177-86. [DOI] [PubMed]

FDA-Approved Biosimilars [Internet]. Biosimilars Council; © 2025 [cited 2024 Dec 15]. Available
from: https://biosimilarscouncil.org/resource/fda-approved-biosimilars/

Mpofu S, Fatima F, Moots R]. Anti-TNF-alpha therapies: they are all the same (aren’t they?).
Rheumatology (Oxford). 2005;44:271-3. [DOI] [PubMed]

Explor Musculoskeletal Dis. 2025;3:100787 | https://doi.org/10.37349/emd.2025.100787 Page 10


https://dx.doi.org/10.3390/ijms22062922
http://www.ncbi.nlm.nih.gov/pubmed/33805757
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7998738
https://dx.doi.org/10.1002/acr.24596
http://www.ncbi.nlm.nih.gov/pubmed/34101387
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9273041
https://dx.doi.org/10.1093/ehjcvp/pvz033
http://www.ncbi.nlm.nih.gov/pubmed/31397840
https://dx.doi.org/10.1007/s12265-020-09964-9
http://www.ncbi.nlm.nih.gov/pubmed/32080804
https://dx.doi.org/10.1136/rmdopen-2024-004546
http://www.ncbi.nlm.nih.gov/pubmed/39043615
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11268070
https://dx.doi.org/10.1007/s00393-014-1449-1
http://www.ncbi.nlm.nih.gov/pubmed/25805514
https://xbrane.com/en/mfn_news/xbrane-to-regain-full-rights-to-biib801-a-proposed-biosimilar-referencing-cimzia/
https://xbrane.com/en/mfn_news/xbrane-to-regain-full-rights-to-biib801-a-proposed-biosimilar-referencing-cimzia/
https://dx.doi.org/10.3390/cells11223698
http://www.ncbi.nlm.nih.gov/pubmed/36429126
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9688109
https://dx.doi.org/10.1161/01.CIR.0000077913.60364.D2
http://www.ncbi.nlm.nih.gov/pubmed/12796126
https://dx.doi.org/10.1136/annrheumdis-2014-206624
http://www.ncbi.nlm.nih.gov/pubmed/25561362
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4345910
https://dx.doi.org/10.1136/annrheumdis-2016-209775
http://www.ncbi.nlm.nih.gov/pubmed/27697765
http://www.ncbi.nlm.nih.gov/pubmed/21977137
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3150011
https://dx.doi.org/10.1136/ard-2022-223357
http://www.ncbi.nlm.nih.gov/pubmed/36376026
https://dx.doi.org/10.1016/j.clinthera.2023.06.024
http://www.ncbi.nlm.nih.gov/pubmed/37573225
https://biosimilarscouncil.org/resource/fda-approved-biosimilars/
https://dx.doi.org/10.1093/rheumatology/keh483
http://www.ncbi.nlm.nih.gov/pubmed/15561736

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

Goel N, Chance K. Biosimilars in rheumatology: understanding the rigor of their development.
Rheumatology (Oxford). 2017;56:187-97. [DOI] [PubMed] [PMC(C]

Fleischmann RM, Alvarez DF, Bock AE, Cronenberger C, Vranic I, Zhang W, et al. Long-term efficacy,
safety, and immunogenicity of the adalimumab biosimilar, PF-06410293, in patients with rheumatoid
arthritis after switching from reference adalimumab (Humira®) or continuing biosimilar therapy:
week 52-92 data from a randomized, double-blind, phase 3 trial. Arthritis Res Ther. 2021;23:248.
[DOI] [PubMed] [PMC]

Fleischmann RM, Alten R, Pileckyte M, Lobello K, Hua SY, Cronenberger C, et al. A comparative clinical
study of PF-06410293, a candidate adalimumab biosimilar, and adalimumab reference product
(Humira®) in the treatment of active rheumatoid arthritis. Arthritis Res Ther. 2018;20:178. [DOI]
[PubMed] [PMC(]

Martinez-Vidal MP, Fernandez-Carballido C, Otero-Varela L, Ruiz F]M, Pérez-Vera Y, Arija SM, et al.
Long-Term Survival of Subcutaneous Biosimilar Tumor Necrosis Factor Inhibitors Compared to

Originators: Results From a Multicenter Prospective Registry. ] Rheumatol. 2024;51:877-83. [DOI]
[PubMed]

Pekhenko V, Udovitskiy V, Barbukho O. Efficacy, safety and immunogenicity of the biosimilar
etanercept compared to the reference formulation original etanercept in patients with rheumatoid
arthritis: An open-label, randomized, comparative, multicenter study. Medicine (Baltimore). 2024;
103:e39060. [DOI] [PubMed] [PMC(C]

Emery P, VencovsKy ], Sylwestrzak A, Leszczynski P, Porawska W, Baranauskaite A, et al. A phase 111
randomised, double-blind, parallel-group study comparing SB4 with etanercept reference product in
patients with active rheumatoid arthritis despite methotrexate therapy. Ann Rheum Dis. 2017;76:
51-7.[DOI] [PubMed] [PMC]

Biosimilar biologic drugs in Canada: Fact Sheet [Internet]. Government of Canada; [cited 2024 Dec 6].
Available from: https://www.canada.ca/en/health-canada/services/drugs-health-products/biologic
s-radiopharmaceuticals-genetic-therapies/applications-submissions/guidance-documents/fact-shee
t-biosimilars.html

Scallon B, Cai A, Solowski N, Rosenberg A, Song X, Shealy D, et al. Binding and functional comparisons

of two types of tumor necrosis factor antagonists. ] Pharmacol Exp Ther. 2002;301:418-26. [DOI]
[PubMed]

Billmeier U, Dieterich W, Neurath MF, Atreya R. Molecular mechanism of action of anti-tumor necrosis
factor antibodies in inflammatory bowel diseases. World ] Gastroenterol. 2016;22:9300-13. [DOI]
[PubMed] [PMC(C]

Jha A, Upton A, Dunlop WCN, Akehurst R. The Budget Impact of Biosimilar Infliximab (Remsima®) for
the Treatment of Autoimmune Diseases in Five European Countries. Adv Ther. 2015;32:742-56. [DOI]
[PubMed] [PMC(C]

Lee YH, Song GG. Comparative efficacy and safety of adalimumab biosimilars and adalimumab in
patients with rheumatoid arthritis presenting an insufficient response to methotrexate: a network
meta-analysis. Z Rheumatol. 2023;82:64-70. [DOI] [PubMed]

Popescu CC, Mogosan CD, Enache L, Codreanu C. Comparison of Efficacy and Safety of Original and
Biosimilar Adalimumab in Active Rheumatoid Arthritis in a Real-World National Cohort. Medicina
(Kaunas). 2022;58:1851. [DOI] [PubMed] [PMC(]

Garcia-Miguel ], Komsalova LY, Arnaiz CM, Alegre-Sancho ]J, Polo ]G, Torrente-Segarra V, et al.
P0OS0661 Clinical outcomes of switching to adalimumab biosimilar (MSB11022) in patients with
rheumatoid arthritis: RESTART Spanish Registry. Annals of the Rheumatic Diseases. 2024;83:808-9.
[DOT]

The DAS28 Score [Internet]. National Rheumatoid Arthritis Society (NRAS); © 2025 [cited 2024 Dec
29]. Available from: https://nras.org.uk/resource/the-das28-score/

Explor Musculoskeletal Dis. 2025;3:100787 | https://doi.org/10.37349/emd.2025.100787 Page 11


https://dx.doi.org/10.1093/rheumatology/kew206
http://www.ncbi.nlm.nih.gov/pubmed/27241704
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5410928
https://dx.doi.org/10.1186/s13075-021-02626-4
http://www.ncbi.nlm.nih.gov/pubmed/34563243
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8464121
https://dx.doi.org/10.1186/s13075-018-1676-y
http://www.ncbi.nlm.nih.gov/pubmed/30111357
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6094896
https://dx.doi.org/10.3899/jrheum.2024-0001
http://www.ncbi.nlm.nih.gov/pubmed/38825358
https://dx.doi.org/10.1097/MD.0000000000039060
http://www.ncbi.nlm.nih.gov/pubmed/39058806
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11272322
https://dx.doi.org/10.1136/annrheumdis-2015-207588
http://www.ncbi.nlm.nih.gov/pubmed/26150601
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5264222
https://www.canada.ca/en/health-canada/services/drugs-health-products/biologics-radiopharmaceuticals-genetic-therapies/applications-submissions/guidance-documents/fact-sheet-biosimilars.html
https://www.canada.ca/en/health-canada/services/drugs-health-products/biologics-radiopharmaceuticals-genetic-therapies/applications-submissions/guidance-documents/fact-sheet-biosimilars.html
https://www.canada.ca/en/health-canada/services/drugs-health-products/biologics-radiopharmaceuticals-genetic-therapies/applications-submissions/guidance-documents/fact-sheet-biosimilars.html
https://dx.doi.org/10.1124/jpet.301.2.418
http://www.ncbi.nlm.nih.gov/pubmed/11961039
https://dx.doi.org/10.3748/wjg.v22.i42.9300
http://www.ncbi.nlm.nih.gov/pubmed/27895418
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5107694
https://dx.doi.org/10.1007/s12325-015-0233-1
http://www.ncbi.nlm.nih.gov/pubmed/26343027
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4569679
https://dx.doi.org/10.1007/s00393-021-01013-3
http://www.ncbi.nlm.nih.gov/pubmed/33999266
https://dx.doi.org/10.3390/medicina58121851
http://www.ncbi.nlm.nih.gov/pubmed/36557052
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9784493
https://dx.doi.org/10.1136/annrheumdis-2024-eular.2904
https://nras.org.uk/resource/the-das28-score/

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Singh JA, Hossain A, Mudano AS, Tanjong Ghogomu E, Suarez-Almazor ME, Buchbinder R, et al.
Biologics or tofacitinib for people with rheumatoid arthritis naive to methotrexate: a systematic
review and network meta-analysis. Cochrane Database Syst Rev. 2017;5:CD012657. [DOI] [PubMed]
[PMC]

Gulacsi L, Brodszky V, Baji P, Rencz F, Pentek M. The rituximab biosimilar CT-P10 in rheumatology
and cancer: a budget impact analysis in 28 European countries. Adv Ther. 2017;34:1128-44. Erratum
in: Adv Ther. 2017;34:1234. [DOI] [PubMed] [PMC]

Scott LJ. Tocilizumab: A Review in Rheumatoid Arthritis. Drugs. 2017;77:1865-79. Erratum in: Drugs.
2018;78:285. [DOI] [PubMed] [PMC]

Jones G, Sebba A, Gu ], Lowenstein MB, Calvo A, Gomez-Reino ]], et al. Comparison of tocilizumab
monotherapy versus methotrexate monotherapy in patients with moderate to severe rheumatoid
arthritis: the AMBITION study. Ann Rheum Dis. 2010;69:88-96. [DOI] [PubMed] [PMC(]

Dougados M, Kissel K, Sheeran T, Tak PP, Conaghan PG, Mola EM, et al. Adding tocilizumab or
switching to tocilizumab monotherapy in methotrexate inadequate responders: 24-week
symptomatic and structural results of a 2-year randomised controlled strategy trial in rheumatoid
arthritis (ACT-RAY). Ann Rheum Dis. 2013;72:43-50. [DOI] [PubMed] [PMC(]

Gabay C, Emery P, van Vollenhoven R, Dikranian A, Alten R, Pavelka K, et al.; ADACTA Study
Investigators. Tocilizumab monotherapy versus adalimumab monotherapy for treatment of
rheumatoid arthritis (ADACTA): a randomised, double-blind, controlled phase 4 trial. Lancet. 2013;
381:1541-50. [DOI] [PubMed]

Best JH, Vlad SC, Pei ]. Comparative Cost per Response for 4 Clinical Endpoints with Tocilizumab
Monotherapy vs Adalimumab Monotherapy in a Head-to-Head Randomized Double-Blind Superiority
Trial (ADACTA) in Patients with Rheumatoid Arthritis. Rheumatol Ther. 2020;7:165-71. [DOI]
[PubMed] [PMC]

Wang W, Zhou H, Liu L. Side effects of methotrexate therapy for rheumatoid arthritis: A systematic
review. Eur | Med Chem. 2018;158:502-16. [DOI] [PubMed]

Lukasik A, Kozicka K, Wojas-Pelc A. The influence of methotrexate on hair loss while using
immunomodulatory doses. Pol Merkur Lekarski. 2019;46:77-9. [PubMed]

Arthritis Medication and Hair Loss [Internet]. Arthritis Foundation; [cited 2024 Dec 10]. Available
from: https://www.arthritis.org/health-wellness/treatment/treatment-plan/disease-management/a
rthritis-medication-hair-loss

Rivellese F, Surace AEA, Goldmann K, Sciacca E, Cubuk C, Giorli G, et al.; R4RA collaborative group.
Rituximab versus tocilizumab in rheumatoid arthritis: synovial biopsy-based biomarker analysis of
the phase 4 R4RA randomized trial. Nat Med. 2022;28:1256-68. [DOI] [PubMed] [PMC]

Larid G, Baudens G, Dandurand A, Coquerelle P, Goeb V, Guyot MH, et al. Differential retention of
adalimumab and etanercept biosimilars compared to originator treatments: Results of a retrospective
French multicenter study. Front Med (Lausanne). 2022;9:989514. [DOI] [PubMed] [PMC(]

Giuseppe DD, Lindstrom U, Bower H, Delcoigne B, Frisell T, Chatzidionysiou K, et al. Comparison of
treatment retention of originator vs biosimilar products in clinical rheumatology practice in Sweden.
Rheumatology (Oxford). 2022;61:3596-605. [DOI] [PubMed] [PMC(]

Explor Musculoskeletal Dis. 2025;3:100787 | https://doi.org/10.37349/emd.2025.100787 Page 12


https://dx.doi.org/10.1002/14651858.CD012657
http://www.ncbi.nlm.nih.gov/pubmed/28481462
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6481641
https://dx.doi.org/10.1007/s12325-017-0522-y
http://www.ncbi.nlm.nih.gov/pubmed/28397080
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5427122
https://dx.doi.org/10.1007/s40265-017-0829-7
http://www.ncbi.nlm.nih.gov/pubmed/29094311
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5736769
https://dx.doi.org/10.1136/ard.2008.105197
http://www.ncbi.nlm.nih.gov/pubmed/19297346
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3747519
https://dx.doi.org/10.1136/annrheumdis-2011-201282
http://www.ncbi.nlm.nih.gov/pubmed/22562983
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3551223
https://dx.doi.org/10.1016/S0140-6736(13)60250-0
http://www.ncbi.nlm.nih.gov/pubmed/23515142
https://dx.doi.org/10.1007/s40744-019-00191-6
http://www.ncbi.nlm.nih.gov/pubmed/31907758
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7021858
https://dx.doi.org/10.1016/j.ejmech.2018.09.027
http://www.ncbi.nlm.nih.gov/pubmed/30243154
http://www.ncbi.nlm.nih.gov/pubmed/30830893
https://www.arthritis.org/health-wellness/treatment/treatment-plan/disease-management/arthritis-medication-hair-loss
https://www.arthritis.org/health-wellness/treatment/treatment-plan/disease-management/arthritis-medication-hair-loss
https://dx.doi.org/10.1038/s41591-022-01789-0
http://www.ncbi.nlm.nih.gov/pubmed/35589854
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9205785
https://dx.doi.org/10.3389/fmed.2022.989514
http://www.ncbi.nlm.nih.gov/pubmed/36275803
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9582272
https://dx.doi.org/10.1093/rheumatology/keab933
http://www.ncbi.nlm.nih.gov/pubmed/34919663
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9438487

	Abstract
	Keywords
	Introduction
	Targeted treatment in the setting of RA and comorbidities
	Pregnancy
	Cancer
	Cardiovascular disease

	Biosimilars in the setting of RA
	The biosimilar journey
	Biosimilars approved for RA
	TNFα-i biosimilars
	Monoclonal antibody targeting CD20 biosimilar
	Rituximab

	IL-6 inhibitor biosimilar
	Tocilizumab


	Biosimilars to support improved quality of life
	Biosimilars to support precision medicine
	Do patients stay on biosimilar therapy?
	Conclusions
	Abbreviations
	Declarations
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	Publisher’s note
	References

