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	Abstract

Adalimumab, the first fully humanized monoclonal antibody against tumour necrosis factor (TNF)-alpha, has played a leading role in the revolution brought about by the introduction of biologics and has received the widest range of indications among TNF inhibitors. With the loss of exclusivity for the originator medicinal product, a number of biosimilar adalimumab molecules have been licensed for of the same indications as the originator molecule across rheumatology, dermatology, gastroenterology and ophthalmology. Clinicians in these areas first gained experience with biosimilar infliximab, followed by etanercept and rituximab. However, adalimumab is likely to present a number of unique challenges given the numbers of patients treated and the range of biosimilar adalimumab products available. This overview covers the extent of use of adalimumab in clinical practice and summarizes the regulatory process involved in the development of biosimilars. The authors also discuss clinical data available so far on adalimumab biosimilars as well as their envisaged impact in the field of immune-mediated inflammatory diseases.  
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Introduction
The treatment of immune-mediated inflammatory diseases has radically changed over the last few decades, as result of a dramatic escalation in the knowledge of the underlying pathogenesis of these conditions [1-4]. This has facilitated the development of  targeted therapies  in the form of biopharmaceutical agents, also known as biological drugs, for a variety of conditions including rheumatoid arthritis (RA), psoriasis and inflammatory bowel disease (Crohn’s disease and ulcerative colitis). TNF was the first cytokine to be fully validated as a therapeutic target [5-7] and TNF inhibitors were subsequently the first biologic drugs to be licensed across a range of indications. Adalimumab (Humira; AbbVie Corporation, USA), is a genetically engineered fully humanised IgG1 monoclonal antibody binding with high affinity to TNF-α, preventing it from binding to receptors on the cell surface and thus reducing  TNF receptor-mediated cell signalling. Adalimumab was approved in Europe for the treatment of RA in September 2003 and was the third TNF antagonist to be introduced  after etanercept and infliximab.  Nevertheless, Humira has subsequently received the widest range of indications among TNF inhibitors [8].  With the loss of exclusivity for a number of anti-TNF-α originator molecules, we have witnessed the successful introduction of biosimilar drugs into clinical practice. Their advent has presented clinicians and budget decision makers with a number of challenges, with rheumatologists, dermatologists and gastroenterologists being at the forefront of this dynamic field [9].  The primary product patent for adalimumab expired in Europe in October 2018, as a result of which a strong pipeline of adalimumab biosimilars have either been approved for use in Europe, are in development or are about to gain approval [10]. The commercial success of adalimumab as the global top selling drug for several years made adalimumab an attractive target for the developers of biosimilar molecules. This overview summarizes the main clinical indications for adalimumab and the regulatory process involved in the development of biosimilars. The authors also discuss clinical data available so far on adalimumab biosimilars as well as their envisaged impact in the field of immune-mediated inflammatory diseases (IMIDs).   
Adalimumab
Adalimumab is a human monoclonal IgG1 antibody that binds to and neutralizes TNF-alpha. Comparative effectiveness data between different TNFα inhibitors (TNFi) is difficult to interpret; some studies in specific indications suggest that adalimumab may have some advantage in terms of effectiveness and costs [11]. The adalimumab Fab binds to TNF-α through a large and highly complementary, strong and stable interface including the formation of hydrogen bonds and salt bridges [12-14]. Humira is currently approved in the EU for the treatment of RA, juvenile idiopathic arthritis, plaque psoriasis and psoriatic arthritis, ankylosing spondylitis, adult and paediatric Crohn’s disease, ulcerative colitis, hidradenitis suppurativa and uveitis [8]. 
Extent of use and evidence for efficacy of adalimumab (Table 1) 
Rheumatoid arthritis and Juvenile idiopathic arthritis (JIA)
Adalimumab in combination with methotrexate (MTX) is indicated for the treatment of moderate to severe, active RA in adult patients when the response to conventional synthetic disease-modifying anti-rheumatic drugs (csDMARDs) has been inadequate. It can also be given as monotherapy in cases of intolerance to methotrexate or when continued treatment with methotrexate is inappropriate. Post-registration observational studies and registries have substantially confirmed that real-life findings observed in clinical practice are in line with outcomes recorded in registrational clinical trials [15-17]. In an observational study to evaluate the effectiveness and safety of this humanized monoclonal antibody alone or in combination with DMARDs, adalimumab was shown to be well tolerated and effective in 6610 difficult-to-treat patients with active RA treated in clinical practice [16]. A number of registries have examined the real-life long-term effectiveness although the main aim of these has remained the assessment of drug safety. Clinical outcomes from the DANBIO registry, a nationwide registry that encompasses more than 95% of all patients with inflammatory arthritis under medical care in Denmark, showed significantly reduced radiographic progression in patients with RA treated with TNFi’s including etanercept and infliximab. Adalimumab had the highest rate of treatment response and disease remission [17]. The British Society for Rheumatology Biologics Registry (BSRBR) was initially launched to monitor the real-life safety and effectiveness of biologics, including TNFi’s, in RA but further indications and evaluation of switching between different biological medicinal products have subsequently been included [18]. The BSRBR has generated a wide range of data although a comparison of the effectiveness of different TNFi’s in biologically naive patients has not been performed. 
The efficacy of adalimumab with or without concomitant methotrexate in the treatment of polyarticular JIA was demonstrated in a placebo-controlled randomized clinical trial in children aged 4 to 17 years with active JIA [19]. In this 48-week study the percentages of patients treated with methotrexate who had ACR Pedi 30, 50, 70, or 90 responses were significantly greater for those receiving adalimumab than for those receiving placebo although the differences between patients not treated with methotrexate who received adalimumab and those who received placebo were not significant. The safety of adalimumab in paediatric patients with JIA subtypes including polyarticular JIA and paediatric enthesitis-related arthritis and other immune-mediated conditions was assessed in a recent analysis [20]. The safety profile was generally similar across indications, with upper respiratory tract infections, nasopharyngitis and headache being the most commonly reported adverse events. Serious infections (4.0 events/100 patient-years) were the most frequent serious adverse events. No new safety signals were identified in the treatment of paediatric patients with adalimumab.
Ankylosing spondylitis (AS) and non-radiographic axial spondyloarthritis (nr-axSpA)
Adalimumab is approved for the treatment of adults with severe active ankylosing spondylitis (AS) who have had an inadequate response to conventional therapy and in patients with severe non radiographic axial spondyloarthritis (nr-axSpA) who are unresponsive or intolerant to non steroidal anti inflammatory drugs (NSAIDs) and show evidence of inflammation by elevated CRP and/or positive MRI. The efficacy of adalimumab in AS was observed through a randomised, double-blind, placebo controlled trial (ATLAS study) [21]. During the 24-week study period adalimumab was well tolerated and was associated with a significant and sustained reduction in the signs and symptoms of active AS. In recent years adalimumab gained EMA approval for the treatment of nr-axSpA following assessment of its safety and efficacy in two randomized, double-blind placebo controlled studies in patients nr-axSpA [22]. In the ABILITY-1 study significantly more patients in the adalimumab group achieved the primary endpoint, ASAS40 response at week 12, compared with the placebo group [23]. In results from the ABILITY-2 study, adalimumab was shown to improve the signs and symptoms of disease and improve physical function in patients with active non-psoriatic peripheral SpA [24]. 

Psoriatic Arthritis 
Adalimumab is indicated for the treatment of active and progressive psoriatic arthritis (PsA) and for the treatment of moderate to severe chronic plaque psoriasis. From the joint perspective, adalimumab is recommended for the treatment of adults with inadequate response to previous disease-modifying anti-rheumatic drugs (DMARDs), administered either individually or in combination. According to National Institute for Health and Clinical Excellence (NICE) guidelines the patient should have peripheral arthritis with three or more tender joints and three or more swollen joints in order to be eligible for treatment with adalimumab or other TNFi’s [25].  In two double-blind, placebo-controlled RCTs of adalimumab in adults with active PsA, ADEPT (n = 313, follow-up of 24 weeks) [26] and Genovese 2007 (n = 100, follow-up of 12 weeks) [27], adalimumab significantly reduced the signs and symptoms of PsA, lessened disability, inhibited structural changes on radiographs while being well tolerated. 
Psoriasis
Adalimumab is recommended as a treatment option for adults with severe plaque psoriasis. The threshold for treatment as defined by NICE criteria is a total psoriasis area and severity index (PASI) of 10 or more and a dermatology life quality index (DLQI) of more than 10, following inadequate response or intolerance to standard systemic therapies including ciclosporin, methotrexate and PUVA [28]. In two randomized trials of adalimumab in patients with moderate-to-severe chronic plaque psoriasis, REVEAL (n = 1212, follow-up of 52 weeks) [29] and CHAMPION (n = 271, follow-up of 16 weeks) [30], adalimumab efficacy was well maintained over more than 3 years of continuous therapy and was shown to provide significantly superior efficacy and more rapid improvements in psoriasis compared with either methotrexate or placebo. Real-life data for adalimumab are being obtained in a 10-year, prospective, multicenter, international registry study of the long-term safety and effectiveness of adalimumab as used in routine clinical practice in adult patients with chronic moderate to severe plaque psoriasis (ESPRIT study) and results from the 7-Year interim analysis have been published [31]. During the first 7 years of the registry, effectiveness of adalimumab was maintained and safety was consistent with the known safety profile of adalimumab. 
Hidradenitis suppurativa (HS) 
Humira has gained licensing approval for the treatment of moderate to severe hidradenitis suppurativa (HS) in patients 12 years of age and older. For this indication, adalimumab has been studied in two similarly designed randomized, double-blind, placebo-controlled studies (PIONEER I and II) [32] and an open-label extension study [33] in adult patients with moderate to severe HS who were intolerant or showed inadequate response to at least a 3-month trial of systemic antibiotic therapy.  The safety profile for subjects with HS treated with adalimumab was consistent with the known safety profile of this biologic for other indications. 
Inflammatory bowel diseases
The efficacy of adalimumab in the treatment of Crohn’s disease was demonstrated in the CHARM trial [34], a study evaluating the maintenance of response and remission in adults with moderate to severe disease. In this clinical trial, patients received open-label therapy with adalimumab for four weeks and were then stratified by response, in terms of decrease in Crohn's Disease Activity Index (CDAI) ≥ 70 points from baseline, and randomized to double-blind treatment with placebo, adalimumab 40 mg every two weeks, or adalimumab 40 mg weekly for a further 52 weeks. In both eow and weekly regimens, adalimumab was well-tolerated and significantly more effective than placebo in maintaining remission in moderate to severe Crohn’s disease through 56 weeks. No significant differences across the two dose regimens were appreciated. Data from a large long-term post-registration registry (PYRAMID) [35], after up to 7 years of observation, confirmed how evidence for efficacy from registrational studies could be extrapolated to real practice and long-term adalimumab exposure continued to be well tolerated in patients with moderately to severely active Crohn’s disease. 
Adalimumab is indicated for treating moderately to severely active ulcerative colitis in adults whose disease has responded inadequately to conventional therapy including corticosteroids and mercaptopurine or azathioprine, or who cannot tolerate, or have medical contraindications for such therapies. The efficacy of adalimumab in the treatment of ulcerative colitis was demonstrated in an international, multicenter, randomized, double-blind, placebo-controlled, phase III, clinical trial conducted between 2006 and 2010, with a total of 518 adult patients enrolled in the study (ULTRA 2 trial) [36]. Adalimumab was generally well tolerated and more effective than placebo in patients with moderate-to-severe UC that was not responsive to conventional therapy. These findings could be reproduced into real-world data in a retrospective observational study in a cohort of 88 patients ulcerative colitis patients treated in 22 Italian centres [37] while a partial confirmation could be obtained in another "real-life" experience of 72 patients retrospectively enrolled among those undergoing therapy with infliximab and/or adalimumab in a German teaching hospital [38], where real-life remission rates of ulcerative colitis under TNFi’s were overall low. 
Uveitis

In more recent years another remarkable achievement has been approval for the treatment of non-infectious intermediate, posterior, and panuveitis in adults and pediatric patients 2 years of age or older. This has been the last indication in chronological order as a result of two randomised, double-blind, placebo-controlled studies (VISUAL I and VISUAL II) of adult patients with either active or non-active non-infectious intermediate, posterior, and panuveitis [39]. The studies excluded patients with isolated anterior uveitis and the primary endpoint was time to treatment failure (TF). Adalimumab was shown to lower time to TF versus placebo in the integrated population of two studies [40].  
Development of biosimilars and regulation
A biosimilar medical product contains a version of the active compound of an originator that has already been authorized. Unlike small molecule drugs which are exact chemical replicas (albeit with different excipients) of originator molecules, protein based therapeutics are highly similar, but not identical. Proteins sequences can be exactly reproduced by a different manufacturer to produce a construct comprised of the same amino acid sequence, however, there are many factors within the complex manufacturing process of a biological drug which can influence the protein structure and post translational modifications with profound implications for efficacy, immunogenicity and safety. Advanced modelling and analysis of data is leading to a better understanding of the possible clinical implications of any differences originator and biosimilar molecules.  As a consequence of this, the biosimilar approval pathway has an emphasis on the pre-clinical analytic data package in combination with clinical data to demonstrate their therapeutic equivalence. This consists of more than 200 different assays, a phase I study in healthy volunteers and at least 1 phase III study in a sensitive patient population. The term ‘intended copy’ applies to copies of an originator biologic that have not been evaluated using the stringent, specifically defined criteria of the EMA, FDA, or WHO guidelines for biosimilars.

Biosimilars and their clinical implementation have been extensively defined in several guidelines provided by regulatory authorities, including the European Medicines Agency (EMA) and the US Food and Drug Administration (FDA), to provide a framework for the evaluation, quality, safety and efficacy assurance of biosimilars [41-44]. Notwithstanding concerns raised regarding their comparability to the reference products for clinical use, particularly in the early stages of their adoption, the abbreviated pathways to biosimilar approval are underpinned by extensive scientific rigor [45]. The first major step is to demonstrate similarity at the molecular level. Biosimilarity of these products to the reference medicinal product with regard to physicochemical properties and biological activities has to be demonstrated in accordance with relevant guidelines of regulatory bodies. With reference to those regulatory requirements, a biosimilar must be highly similar to its originator product and their amino acid sequences should be identical. Minor differences in clinically inactive components are allowed, provided that they are not meaningful in terms of safety, purity and potency [46]. It is important to acknowledge there maybe variation within defined parameters of the originator itself: much of this is inherent in a manufacturing process that includes technologies based on living systems such as cell lines.  As a result, different batches of an originator product manufactured by the same process are not identical. The degree to which this batch-to-batch variation is acceptable has already been established and these parameters are also broadly used when defining acceptable variation for biosimilars [47,48]. The characterization studies focus on a number of critical attributes. In terms of efficacy, biosimilar product’s TNF binding capacity but also to effector functions mediated by Fc domain such as complement-dependent cytotoxicity and antibody-dependent cell-mediated cytotoxicity are assessed. A second major step required by the main regulatory agencies is a pharmacokinetic (PK)/pharmacodynamics study in humans which can be conducted either in patients or healthy volunteers, though the latter population is usually preferable as they constitute a more homogeneous group not influenced by the variability of disease-related factors. Biosimilarity of the proposed biosimilar to its marketed reference product is usually assessed in phase I, single-blind, parallel group, PK studies where all subjects enrolled receive a specified number of intravenous or subcutaneous doses of the drug and are successively followed in order to perform PK, safety and immunogenicity measurements [49].  Area under the concentration-time curve (AUC) from time zero to infinity (AUCinf), AUC from time zero to the last quantifiable concentration (AUClast) and maximum concentration (Cmax) are the primary PK parameters typically used to assess bioequivalence. Blood samples for immunogenicity evaluation are also collected throughout the study to detect anti-drug antibodies (ADAs) and neutralizing antibodies (NAbs) to biosimilar after dosing. Lastly, a phase III clinical efficacy trial in patients is generally required to ultimately demonstrate comparable efficacy and safety of the biosimilar to its originator. Moreover, most comparative studies are typically followed either by a single arm open-label extension study with all patients receiving the biosimilar or a further randomisation following the blinded phase, so as to evaluate potential changes in efficacy or safety after transitioning from the originator to the biosimilar. 

The design of comparative clinical trials for biosimilars can appear to be straightforward on a first assessment. However, there are a number of key design considerations requiring careful consideration, including choice of therapeutic indication, targeted patient population, background therapy, stratification factors, primary endpoints, transition design and definition of equivalence margins [50]. Biosimilar approval does not mandate re-establishing efficacy but is instead focused on the demonstration that there are no clinically significant differences from the originator product in terms of efficacy and safety. This can be generally obtained by using efficacy endpoints in the setting of either a non-inferiority or equivalence design [41] although an equivalence design is often more accurate in demonstrating biosimilarity versus the originator and is in broad terms preferred over non-inferiority studies unless these are appropriately justified. As the scientific pre-clinical regulatory pathway is better understood and validated by the successful introduction of an increasing number of biosimilar medicines into clinical practice, the need for phase III efficacy studies might be questioned. They add little in terms of establishing the efficacy of the molecule under study but add considerably to the cost and time of bringing a biosimilar into clinical use.    
Extrapolation

 In line with their abbreviated regulatory pathway, performing comparative clinical trials for each of the approved indications of the originator product is not a mandatory requirement. Once biosimilar comparability has been demonstrated in one indication, the “extrapolation” of safety and clinical data to other therapeutic indications of the originator product is considered acceptable [41] as it is expected that, despite minor differences in their molecular characteristics, they are effective across the same indications as they share the same mechanism of action. This certainly represents a great advantage in terms of reduced time and cost for biosimilar development.  The challenge posed by extrapolation has been addressed differently by regulatory agencies on a country by country basis, raising concerns in the medical community about the use of biosimilars in indications for which no specific clinical trial with the biosimilar has been performed and that have been licensed on the grounds of clinical data obtained from other indications [51,52].
Use of biosimilars in clinical practice: switching
The main benefit of biosimilars is the reduction of drug acquisition costs potentially leading to increased access to medications for patients. In most indications, the majority of prescribing is in patients already established on a molecule rather than patients starting treatment de novo [53] and therefore switching and interchangeability is a crucial issue for clinicians. There are differences between the regulators around the definition of interchangeability.  The EMA consider a biosimilar to be interchangeable with the originator molecule, however biosimilars are only compared to the originator molecule and not other biosimilars leaving a considerable area of uncertainty for clinicians as more biosimilar molecules are licensed and clinicians may be faced with switching between biosimilar molecules rather than from originator to biosimilar. Some scientific (rather than clinical) evidence is emerging comparing different biosimilar molecules which is reassuring thus far [54].  In parallel with the advent of the first biosimilar products, a section of the US Congress Biologics Price Competition and Innovation Act (BPCI Act 2009) [55] provided a definition of “interchangeable”, characterizing a biosimilar that may be substituted for the originator by a pharmacist without even involving the prescribing health-care professional, in the event that, for example, health insurers were to mandate the use of the least expensive version of a biological medical product. In recent years the US FDA has issued a guidance in an attempt to address the additional regulatory requirements a biosimilar has to fulfill in order to be approved as interchangeable, recommending sponsors to promote one or more switching studies to demonstrate that the biosimilar and the originator can be safely alternated without loss of efficacy [56].  In contrast, in the European Union the EMA has not designated biosimilars as interchangeable leaving the decision to national competent authorities.
Biosimilars of adalimumab

The loss of patent exclusivity of Humira(  has sparked a fierce and unprecedented patent disputes and a large number of companies to submitting regulatory filings and starting litigation efforts in order to challenge the originator manufacturer’s patent portfolio [57]. Similarly, the considerable revenues from Humira have encouraged Abbvie to file patent infringements proceedings against biosimilar developers and to submit claims in an attempt to delay the entry of biosimilars [58]. This context has allowed supplementary protection certificates to be granted to the originator ownership, but nonetheless exclusivity of the primary product was only provided in Europe until October 2018. With recent expiration of patent protection of the originator medicinal product, a number of biosimilar versions of adalimumab have either gained regulatory approval or are undergoing biosimilarity studies and randomized controlled trials, aiming to assess clinical equivalence to their originator [59]. Rheumatoid arthritis has been the most attractive indication for the pivotal phase III comparative studies since patients with RA are one of the largest population receiving TNFi therapies. In terms of clinical efficacy and immunogenicity, psoriasis studies have shown the highest placebo-adjusted response rate and adalimumab is usually given in monotherapy without background methotrexate for this indication. Psoriasis is therefore a more sensitive disease model to detect potential differences in effectiveness and incidence of anti-drug antibodies between a biosimilar and the originator. Most trials have been conducted in patients naïve to biological therapies in order to reduce patient heterogeneity and the majority of comparative studies have used equivalence rather than a non-inferiority design. In line with registrational studies, the primary endpoint of choice for RA has been ACR20 at week 24 or 52 while for trials in psoriasis PASI75 at week 16 has been the chosen primary outcome measure. At the time of writing, a large number of adalimumab biosimilars have either gained approval for use in Europe or progressed to the pre-marketing, clinical or preclinical stages of development (table 2). A multitude of biopharmaceutical products, such as ‘similar biologics' approved in India and ‘biogenerics’ approved in Iran and in South America, have published RCTs but have not been authorized by the EMA, as a result of the stringent regulatory requirements and possibly the cost in meeting these requirements and are therefore not covered in this overview.  Planned clinical trials and intended copies, regarded as commercially available versions of originator biologics which have not undergone or failed rigorous comparability evaluations as recommended by leading regulatory bodies, will also not be included.
The current scenario of adalimumab biosimilars is very heterogeneous. To date, five adalimumab biosimilars have been approved for use in Europe and have entered the market following recent expiration of the originator basic patent protection. It is noteworthy that, since its first marketing authorization, Abbvie has obtained further regulatory approval for a new formulation of Humira with higher antibody concentration and smaller injection volume but most of all, citrate buffers and other inactive components have been removed [58]. This adjustment has aimed to reduce the pain associated with injection, but biosimilars have been developed and approved on the basis of the original Humira formulation. However, because the biological effect is deemed equivalent between different formulations of biosimilar, it is unclear how such variations in excipients will influence prescribing.  

Comparative effectiveness and safety evidence for adalimumab biosimilars approved for the EU market
Amgevita / Solymbic

Amgen was the first biosimilar developer to be granted European marketing authorization for not one but two adalimumab biosimilars after EMA approval in March 2017 of its products Amgevita and Solymbic. The company has therefore pursued a two-brand strategy for the same identical product ABP 501. The use of multiple brand names is not uncommon in the biosimilar industry, as shown by Celltrion’s infliximab biosimilar known as Inflectra or Remsima. This is mainly due to an attempt to meet different marketing demands and needs including local market distribution. The two products are identical molecules, however Amgevita only has received indication for Juvenile idiopathic arthritis. Comparative phase III large and high quality randomized controlled clinical trials were conducted in both RA and psoriasis [60, 61]. A switch between the originator and the biosimilar was evaluated in the psoriasis trial while patients in RA trial did not undergo transition from the RP to biosimilar. Prior use of biologics in the RA trial was balanced across the two groups with the majority of patients (ABP 501, 73.1%; adalimumab, 71.8%) treatment-naive for prior use of biologics. Overall ABP 501 was shown to be clinically equivalent to adalimumab in rheumatoid arthritis and plaque psoriasis, with ACR20 response at week 24 of 74.6% (ABP 501) and 72.4% (adalimumab) and PASI percent improvement at week 16 of 80.9 for ABP 501 and 83.1 for RP, respectively. Moreover, safety and immunogenicity were not impacted after transition. 
Imraldi
Samsung Bioepis’s Imraldi (SB5) received EMA approval in August 2017. The biocomparability between this adalimumab biosimilar and the EU-sourced originator in terms of efficacy, pharmacokinetics (PK), safety and immunogenicity was demonstrated in a large phase III, randomized, double-blind, parallel-group study of patients with moderately to severely active RA despite treatment with methotrexate who were randomized 1:1 to receive SB5 or reference adalimumab at a dosage of 40 mg subcutaneously every other week [62]. All the patients enrolled in this study were naïve to biologic therapies. The difference in the ACR20 response rate (0.1%, [95% confidence interval -7.83%, 8.13%]) was within the predefined equivalence margin (±15%) and results for the two treatment groups were also comparable across other end points, including the ACR 50 and ACR 70 response rates, Disease Activity Score in 28 joints based on the erythrocyte sedimentation rate (DAS28-ESR), pharmacokinetics data, incidence of treatment-emergent adverse events, and the antidrug antibody response. A transition study was successively undertaken starting from week 24, with patients receiving the originator adalimumab (ADA) rerandomized to continue with ADA (ADA/ADA group) or to switch to SB5 (ADA/SB5 group) up to week 52 while patients receiving SB5 continued with SB5 for 52 weeks (SB5 group). Overall biosimilar adalimumab SB5 was well tolerated over one year in patients with RA and it was shown that switching from the originator to adalimumab biosimilar SB5 had no issues such as increased adverse events, increased immunogenicity, or loss of efficacy [63].
Cyltezo
Cyltezo (BI 695501; Boehringer Ingelheim) was approved in the EU in November 2017. The clinical equivalence of adalimumab biosimilar candidate BI 695501 with Humira was demonstrated in a randomized, double-blind, parallel-group study of 645 patients with active RA on stable methotrexate (VOLTAIRE-RA) [64].  At week 24 69.0% and 64.5% of patients receiving BI 695501 (n=324) and Humira (n=321), respectively, achieved ACR20. Patients on the originator were then re-randomised to stay on the RP or to switch to the biosimilar up to week 48, at which point further efficacy and safety endpoints and immunogenicity were assessed up to week 58 in an open-label extension. The study concluded that BI 695501 shows similar efficacy, safety and immunogenicity to Humira and, moreover, switch from Humira to BI 695501 had no impact on efficacy, safety and immunogenicity. Interestingly, the biosimilar developer is conducting an interchangeability study in patients with moderate-to-severe chronic plaque psoriasis (ClinicalTrials.gov Identifier: NCT03210259) and results from the study are expected in the second half of 2019 [65]. This is the first study in the U.S. to investigate an interchangeability designation for an adalimumab biosimilar candidate and has its own rationale in the interchangeability regulation covered by the FDA, meaning that a biosimilar may be substituted by a pharmacist for the originator without the intervention of the prescribing healthcare provider. A non-inferiority trial comparing efficacy, endoscopic improvement, safety and Immunogenicity of BI 695501 versus Humira in patients with active Crohn's disease is ongoing and estimated study completion date is in May 2019 (ClinicalTrials.gov Identifier: NCT02871635). 
Halimatoz / Hefiya /  Hyrimoz 
Sandoz has opted for a multi-brand commercial strategy for the same biosimilar candidate (GP2017) and has obtained marketing authorization in the EU for three adalimumab biosimilars after EMA approval in July 2018 of its products Halimatoz, Hefiya and Hyrimoz. Once again, applying a multiple brand strategy through the development of two or more brands in the same product line appears to be a practical thing to do in the fast-moving biosimilar world in order to reach the diversity of market segmentation. GP2017 biosimilarity to reference adalimumab was demonstrated in a 51-week double-blinded, phase III study of adult patients with active, clinically stable, moderate-to-severe plaque psoriasis [66, 67]. The primary end point was patients achieving ≥ 75% improvement in Psoriasis Area and Severity Index (PASI 75) at week 16 while the key secondary end point was the change from baseline to week 16 in continuous PASI. Equivalence in efficacy between GP2017 and the RP was confirmed for primary and key secondary end points. From weeks 17 to 51 participants were rerandomized to continue with the reference product or to switch to GP2017 while patients receiving GP2017 continued on this for overall 51 weeks. There were no relevant safety or immunogenicity differences between GP2017 and reference adalimumab at week 16, or the switched and continued groups from weeks 17 to 51. Moreover, switching up to four times between GP2017 and the RP had no detectable impact on efficacy, safety or immunogenicity.
Hulio
Hulio (FKB327) has been the latest adalimumab biosimilar licensed for use in the EU, being granted EMA approval in September 2018.  In April 2018 Mylan announced its entry into a partnership with Fujifilm Kyowa Kirin Biologics to commercialize the adalimumab biosimilar FKB327, referencing Humira, in Europe. Under the agreement, Mylan will have an exclusive license to commercialize the biosimilar in Europe and will receive an upfront fee from Fujifilm Kyowa Kirin.  Pharmacokinetics, safety, tolerability and immunogenicity of FKB327 after single subcutaneous doses in healthy subjects were compared with Humira in a randomized, double-blind, parallel-group study [68]. The study demonstrated pharmacokinetic similarity of FKB327 with reference product and FKB327 was well tolerated with similar adverse effects to Humira. Results of a phase III randomised, blinded, active-controlled comparative clinical efficacy study of FKB327 versus Humira in 728 patients with RA inadequately controlled on methotrexate were announced by Fujifilm Kyowa Kirin at the American College of Rheumatology’s (ACR) 2017 Annual Meeting in November 2017 [69]. At week 24, ACR20 was achieved in 72.5% of the FKB327 group and 74.3% of the reference group and safety profiles were also comparable. In the open-label extension study, ACR20 response rates were similar after continuous and switched treatments, and no consistent differences in immunogenicity profiles were observed between continuous or switched treatment groups. 
Biosimilars in the pre-marketing phase
Fresenius Kabi’s biosimilar candidate biosimilar adalimumab, MSB11022, is expected to be launched in Europe in the first half of 2019 and an application for marketing authorization was submitted to the European Medicines Agency (EMA) at the end of last year. All tested physicochemical and functional parameters demonstrated high similarity of MSB11022 and the reference product [70], Furthermore bioequivalence between MSB11022 and reference product was demonstrated in terms of safety, tolerability and immunogenicity profiles in a phase 1 double-blind, parallel group trial of healthy subjects receiving MSB11022 and the reference product [71]. Efficacy and safety data from a phase III trial in Plaque psoriasis presented at the 76th Annual Meeting of the American Academy of Dermatology (AAD-2018). These data support the further clinical evaluation of MSB11022 as a proposed biosimilar of adalimumab [72]. 
Momenta’s M923 is a proposed Humira biosimilar candidate. In December 2015, the company announced positive results from phase I pharmacokinetic study comparing M923 to both U.S. and EU sourced HUMIRA reference products [73]. A further press release in November 2016 confirmed that primary endpoint was met in a Phase 3 randomized, double blind, active control, multi-center, global study in patients with chronic plaque psoriasis to compare the safety, efficacy and immunogenicity of M923 with reference product. Momenta has reached a worldwide agreement with AbbVie and expects to file a marketing authorization application in the European Union in the first half of 2019 [74]. PF-06410293 is a proposed adalimumab biosimilar developed by Pfizer. Results from a phase III trial in biologic-naïve patients with active RA despite methotrexate concluded that efficacy, safety, and immunogenicity of PF-06410293 and EU-sourced adalimumab were similar during the first 26 weeks of treatment [75]. 
A biosimilar adalimumab developed by Korean Celltrion and designated as CT-P17 has entered into Phases 1 and 3 clinical trials. Celltrion has recently applied to the MHRA (Medicines and Healthcare Products Regulatory Agency) and is set to launch phase 1 clinical trials for the safety and pharmacokinetic assessment of the adalimumab biosimilar in the UK. The company also aims to complete phase 3 clinical trials by 2020 [76]. CHS-1420 is a proposed biosimilar to adalimumab developed by Coherus Biosciences, USA. A phase 3, randomized, double-blind, multicenter study has demonstrated clinical equivalence of CHS-1420 to adalimumab in patients with moderate-severe plaque psoriasis and psoriatic arthritis [77]. 
Discussion
The introduction of TNFi biosimilars has greatly contributed to reduce the economic burden in the treatment of a variety of immune-mediated conditions such as RA, psoriasis, psoriatic arthritis, spondyloarthritis and inflammatory bowel disease, expanding treatment options but most of all access to biologic medicinal products to a larger number of patients. Biosimilars of infliximab and etanercept are already established globally and have had a major impact on the overall utilisation of biologic drugs.  There is an increasing body of real-life clinical efficacy data as well as data from pharmacosurveillance protocols and post-marketing monitoring requirements [78]. 
The place of biosimilars in the treatment algorithms is becoming established and in general mirrors the use of originator molecules. With this regard, the use of infliximab and etanercept biosimilars in biological naïve patients and switching to a biosimilar following lack of efficacy or tolerability with a different originator biologic agent are the most commonly adopted strategies [79]. Transition, intended as ‘non-medical switching’ from originators to their biosimilars, has also been encouraged in patients with ongoing successful treatment, on the basis of the potential cost implications, reassuring real-world data and post-marketing experience although this has certainly led to a greater deal of controversy [80-82]. Moreover, a thematic analysis of non-empirical publications has shown that extrapolation of indications remains an issue, particularly with respect to inflammatory bowel disease, as RA may not be a sensitive clinical model to detect potential differences between biosimilars and originator products in the treatment of these conditions [83]. 
The introduction of infliximab and etanercept biosimilars has had a remarkable budget impact enabling significant cost savings for financially constrained health systems. For instance, an interrupted time series analysis of secondary care utilization data in rheumatology specialities in the UK has indicated cumulative cost savings for £38.8 million over two years [84]. Moreover, it should not be overlooked that originator developers have been reducing their prices as a result of the availability of cheaper biosimilars and the increasing competition. Drug acquisition costs are becoming a key factor in prescribing decision-making [84]. 
The behaviour of the biologics market following the introduction of infliximab and etanercept biosimilars suggests that the entry of adalimumab products is expected to produce considerable cost savings and have a substantial favourable impact on healthcare system finances, as demonstrated in a recent budget impact analysis on the effect of new biosimilars in rheumatology and gastroenterology specialities [85]. According to national clinical guidelines, with the availability of more than one suitable option, treatment should be started with the least expensive agent, taking into account differences in the mode of administration and treatment schedules [86]. This approach is borne out by early data from the BSRBR for RA, showing patients are being actively transitioned to infliximab and etanercept biosimilars for cost reasons [87].  A similar prospect could be envisaged for adalimumab, with the difference that at least four adalimumab products are expected to penetrate the market at the same time. We have therefore witnessed even more considerable price reductions than those achieved by the first TNFi biosimilars, as a result of a stronger competition between these biosimilars themselves and with the branded product Humira.  On the other hand, the use of originator biologic products not yet subjected to biosimilar competition may potentially offset part of the savings achieved with biosimilars [85].  
In conclusion, the entry of adalimumab biosimilars has the potential to cause an unprecedented impact on the utilisation of biologic medications and will continue to challenge originator biologic therapies as shown by the uptake of infliximab and etanercept biosimilars. These developments will have a wide ranging impact across immune-mediated inflammatory diseases (IMIDs) affecting different organs. At a national level, it is essential for clear guidance from payers and effective pharmacovigilance programs are implemented for biosimilars of adalimumab, to provide data to reassure patients and their clinicians that biosimilar adalimumab will continue to improve the lives of patients. 
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	Juvenile idiopathic arthritis (JIA)

	2008
	JIA-I and JIA-II [8]


	

	Ankylosing spondylitis (AS) and non-radiographic axial spondyloarthritis (nr-axSpA)


	AS: 2006

Nr-axSpA: 2012 
	ATLAS [21]

ABILITY I and ABILITY II [23,24]


	

	Psoriatic arthritis (PsA)


	2005
	ADEPT [26]


	

	Plaque psoriasis

	2007
	REVEAL, CHAMPION [29, 30]


	

	Crohn’s disease

	2007
	CHARM [34]

	

	Pediatric 

Crohn’s disease


	2012
	PCD-I [8]
	

	Ulcerative colitis

	2012
	ULTRA 2 [36]

	

	Hidradenitis suppurativa


	2015
	PIONEER I and II [32]


	

	Uveitis


	2017
	VISUAL I and VISUAL II [39]


	


	Table 2.  Summary of clinical data on adalimumab biosimilars destined for the EU market
	

	Brand name
	Adalimumab biosimilar
	Manufacturer
	Clinical data


	Approval status EU



	Amgevita; Solymbic


	ABP 501
	Amgen
	RCT, comparative safety/efficacy study moderate to severe RA [60] and psoriasis [61]


	Approved 

(March 2017)

	Imraldi


	SB5
	     Samsung

       Bioepis
	Phase III, RCT, comparative safety/efficacy study moderate to severe RA [62]


	Approved 

(August 2017)

	Cyltezo
	BI 695501
	 Boehringer Ingelheim
	RCT, comparative safety/efficacy study moderate to severe RA (VOLTAIRE-RA) [64]
	Approved 

(November 2017)

	Halimatoz; Hefiya; Hyrimoz


	GP2017
	Sandoz
	Phase III, RCT, comparative safety/efficacy study moderate to severe plaque psoriasis [67]


	Approved 

(July 2018)

	Hulio
	FKB327
	Mylan / Fujifilm Kyowa Kirin Biologics       


	RCT, comparative safety/efficacy patients with RA inadequately controlled on methotrexate [69]


	Approved 

(September 2018)

	
	MSB11022
	Fresenius Kabi
	Phase III, RCT, comparative safety/efficacy study in plaque psoriasis [72]


	Marketing authorization application submitted 

	
	M923
	Momenta
	Phase 3 comparative safety/efficacy studyin patients with chronic plaque psoriasis [74]


	Marketing authorization application to be filed in the EU in the first half of 2019 

	
	CT-P17
	Celltrion
	Phase 3 clinical trial ongoing  [76]
	Marketing authorization application to be filed

	
	CHS-1420
	Coherus Biosciences
	Completed phase 3, comparative safety/efficacy study in patients with moderate-severe plaque psoriasis and psoriatic arthritis [77].


	Marketing authorization application to be filed
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