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Introduction: 1, 12
Rheumatoid arthitis (RA) is a chronic, systemic, inflammatory condition that affects approximately 2 million adults in the United States. It is found more frequently in females versus males at a rate of 6:1 and data suggests a genetic component.  The prevalence increases with age with the onset generally occuring between 30 and 55 years of age.  Patients present with symptoms of symmetrical tender, swollen joints, joint pain and stiffness of more than 6 weeks in duration.  The joints of the hands, wrists and feet are most freqently involved, but other areas such as the elbows, shoulders, hips, knees and ankles show involvement.  RA is typically a progressive disease state that can lead to functional limitations.
	Table 1
	Criteria for the classification of rheumatoid arthritis a (revised 1987)1
	 

	1
	Morning stiffness lasting greater than 1 hour
	 
	 
	 

	2
	Arthritis in 3 or more joint areas
	 
	 
	 
	 
	 

	3
	Arthritis of the had joints (metacarpophalangeal, proximal interphalangeal, wrists)

	4
	Symmetric arthritis
	 
	 
	 
	 
	 
	 

	5
	Rheumatoid nodules
	 
	 
	 
	 
	 
	 

	6
	Serum rheumatoid factor
	 
	 
	 
	 
	 

	7
	Radiographic changes: erosions or unequivocal periarticular osteopenia
	 

	aPatients are said to have rheumatoid arthritis if they meet 4 or 7 criteria
	
	
	
	


The specific pathophysiologic mechanism is unclear.  It is thought to be an autoimmune disorder in which multiple cell types are involved.  The importance of CD4+ T cells, B cells and cytokines in RA have been discribed in the literature.  Tumor necrosis factor alpha (TNF α),  interleukin-1 (IL-1) and interleukin-6 (IL-6) have been shown to play a major role in RA.  Their inflammatory action leads to pannus formation, which ultimately leads to joint destruction.  Therefore, these proinflammatory cytokines have become areas of focus in terms of drug therapy.  Serum rheumatoid factor is present in approximately 75% of patients with RA, but in early disease, this may not be present.
Treatment focuses on pain control, reducing inflammation and slowing disease progression and joint destruction.  Drug therapy for RA has been described using several different medication classes including NSAIDS, analgesics, corticosteroids and disease-modifying anti-rheumatic drugs (DMARD’s) and biologic agents.  DMARD’s include: azathioprine, cyclosporine, cyclophosphamide, gold preparations, hydroxychloroquine, leflunomide, minocycline, methotrexate, penicillamine and sulfasalazine.  Methotrexate remains the gold-standard for most treatment regimens as monotherapy or when combined with other DMARD’s or biologics.  This review will focus on the biologic DMARD’s.
Key Questions:
1. How do the Biologics compare in efficacy/effectiveness for treating patients with RA?

2. How do the Biologics compare with respect to safety and tolerability? 

3. Do the Biologics differ in terms of efficacy or safety/tolerability in specific subsets of patients (e.g., based on age, sex, renal or hepatic insufficiency, etc.) 
Pharmacology/Pharmacokinetics:2-9
TNF α antagonists  available for use in the United States include: adalimumab, etanercept, infliximab, golimumab and certolizumab pegol.  Each agent will be described individually.
Adalimumab 
Pharmacology: a human IgG1 monoclonal antibody to TNF that has anti-inflammatory and antiproliferative activity due to its ability to neutralize TNF activity.    
Etanercept

 Pharmacology: A dimeric soluble form of TNF receptor that can bind to TNF molecules.
Infliximab
 Pharmacology: a chimeric antibody combining mouse and human portions of  IgG1.  It binds to TNF to prevent interaction with TNF receptors and inflammatory cells.
Golimumab
Pharmacology:  Human monoclonal antibody that binds to human TNF α, thereby interfering with endogenous TNF-α activity. 
Certolizumab pegol
Pharmacology: A pegylated humanized antibody Fab fragment of TNF α monoclonal antibody. The pegylation allows for delayed elimination and an extended half-life (see Pharmacokinetic table).
Pharmacokinetics: 2-9
	Biologics
	Half-life
	Time to peak
	Other

	Adalimumab
	2 weeks (range:10-20 days)
	131 ± 56 hours
	Vd: 4.7-6 L

	
	
	
	Bioav (absolute):64%

	
	
	
	Synovial fluid concentration: 31%-95% of serum

	Etanercept
	115 hrs (range:98-300 hrs)
	72 hrs (range:48-96 hrs)
	Onset of action: 

	
	
	
	~ 2 to 3 weeks

	Infliximab
	7-12 days
	NA
	Vd: 3-6 L

	
	
	
	Onset of action (Crohn’s disease): ~ 2 weeks

	Golimumab
	2 weeks
	2-6 days (subQ)
	Vd (IV): 0.058-0.126 L/kg

	
	
	
	Bioav(SQ): 53%

	Certolizumab pegol
	14 days
	54-171 hrs
	Vd : 6-8 L

	
	
	
	Bioav(SQ): ~80%

	*Abatacept
	13.1 days
	NA
	Vd: 0.07 L

	Rituximab
	18 days
	NA
	Vd: 3.1 L

	Tocilizumab
	11 days
	 NA
	Vd: 6.4 L


*RA Patients after multiple IV infusions at recommended dosing intervals

Abatacept 
Pharmacology: a selective costimulation modulator that binds to CD80/CD86 receptors on antigenic presenting cells, thereby inhibiting the interaction between the antigenic-presenting cells and T cells.  This prevents T cells from activating the inflammatory process, which leads to reduced cytokines and T-cell proliferation.
Rituximab

Pharmacology: chimeric monoclonal antibody directed against B lymphocyte CD20 surface antigen

Tocilizumab
Pharmacology:   specifically binds to soluble and membrane-bound IL-6 receptors and also inhibits IL-6-mediated signaling through these receptors. 
FDA Approved Indications: 2-9
	Agent
	Brand
	Manufacturer
	Target
	Route
	RA
	JIA
	PsA
	AS
	Plaque psoriasis
	Crohn's
	UC
	NHL

	Adalimumab
	Humira
	Abbott
	TNF
	SQ
	X
	X
	X
	X
	X
	X
	 
	 

	Etanercept
	Enbrel
	Amgen/Wyeth
	TNF
	SQ
	X
	X
	X
	X
	X
	 
	 
	 

	Infliximab
	Remicade
	Centocor
	TNF
	IV
	X
	 
	X
	X
	X
	X
	X
	 

	Golimumab
	Simponi
	Centocor
	TNF
	SQ
	X
	 
	X
	X
	 
	 
	 
	 

	Certolizumab pegol
	Cimzia
	UCB
	TNF
	SQ
	X
	 
	 
	 
	 
	X
	 
	 

	Tocilizumab
	Actemra
	Genentech
	IL-6
	IV
	X
	 
	 
	 
	 
	 
	 
	 

	Abatacept
	Orencia
	BMS
	T lymphocytes
	IV
	X
	X
	 
	 
	 
	 
	 
	 

	Rituximab
	Rituxan
	Genentech
	B lymphocytes
	IV
	X
	 
	 
	 
	 
	 
	 
	X

	RA=Rheumatoid arthritis; JIA=juvenile idiopathic arthritis; PsA=psoriatic arthritis; AS=ankylosing spondylitis; 
	
	

	UC=ulcerative colitis; NHL=non-Hodgkin’s lymphoma
	
	
	
	
	
	
	
	
	


Current National Core Formulary Alternatives: 10
There are no agents from this class presently represented on the IHS National Core Formulary (NCF).
Dosage and Administration: 2-9
	Agent
	Dosing
	Time to Initial Effect

	Adalimumab
	40mg  SQ every other week
	1-4 weeks

	Etanercept
	25 mg SQ twice weekly (72-96 hours apart) or 50mg SQ once weekly
	1-4 weeks

	Infliximab
	3-10mg/kg IV at 0, 2 and 6 weeks; then every 8 weeks
	1-4 weeks

	Golimumab
	50mg SQ once monthly
	1-4 weeks

	Certolizumab pegol
	400mg SQ initially, at weeks 2 and 4, then 200-400mg SQ every 4 weeks thereafter
	1-4 weeks

	Abatacept
	<60kg (500mg); 60-100kg (750mg); >100kg (1000mg) IV initially, at 2 weeks, 4 weeks and every 4 weeks thereafter
	2 weeks

	Rituximab
	two 1000mg IV infusions separated by 2 weeks; subsequent doses determined by patient symptoms
	4 weeks

	Tocilizumab
	Initially, 4mg/kg followed by an increase to 8mg/kg based on clinical response (max: 800mg per infusion) 
	~2 weeks


Efficacy:
ACR 2008: 11
Current rheumatoid arthritis guidelines discuss multiple approaches to treatment using non-biologic Disease Modifying Anti-Rheumatic Drugs (DMARD) as monotherapy or in combination.  These agents include:  Methotrexate, hydroxychloroquine, sulfasalazine, leflunomide and minocycline.  While these agents are important in the treatment of RA, this discussion will focus on treatment with biologic DMARDs. 

The current American College of Rheumatology (ACR) guidelines discuss the various TNF α antagonists interchangeably.  There recommendations are stratified based on time and disease activity using several instruments for assessing disease activity, including the Disease Activity Score in 28 joints (DAS28), Simplified Activity Index, Clinical Disease Activity Index, Rheumatoid Arthritis Disease Activity Index, Patient Activity Scale (I and II), and the Routine Assessment Patient Index Data.  Multiple instruments were used because different clinical trials used different instruments.  
For patients with early RA (less than 3-6 months), but high disease activity, one can consider the use of TNF α antagonists combined with methotrexate (level C*).  In those patients with low disease activity and early RA, TNF α antagonists were not recommended.  When high disease activity was present in patients with early RA (<3 months) and  both a poor prognosis and an absence of barriers to treatment (cost, insurance restrictions, etc.), combination methotrexate and TNF α antagonists were recommended.
In patients with intermediate or longer duration RA, TNF α antagonists are recommended for patients with inadequate response to methotrexate monotherapy.  TNF α antagonists are also recommended in patients with moderate disease activity and a poor prognosis.  For patients who have used methotrexate in combination or sequentially with nonbiologic agents with an inadequate response, TNF α antagonists are recommended.  The ACR guidelines view each agent as “efficacious in improving disease activity, function and quality of life and or retarding radiographic progression when used alone, in combination with methotrexate or in patients for whom treatment with DMARDs other than methotrexate led to an inadequate response.”  
The ACR guidelines gave similar suggestions to other biologic classes.  They recommended abatacept in patients with moderate or greater disease activity and a poor prognosis after an inadequate response to combinations of methotrexate and other DMARDs or sequential administration of other DMARDs.  Rituximab carries a similar recommendation following combination methotrexate and other DMARD or sequential DMARDs without response, in patients with high disease activity and poor prognosis.
The ACR guidelines did not include tocilizumab as it was unavailable during this period of time (approved January 11, 2010).

DERP12
The Oregon Health Sciences, Drug Effectiveness Review Project (DERP), has reviewed this class of medications extensively and recently updated their review in November 2009. Their review found 16 randomized controlled trials (1 of which was a head-to-head trial13), 16 meta-analyses and 7 observational studies. 
The head-to-head trial was a double-blinded, randomized controlled trial that compared abatacept to infliximab in patients who were not controlled with MTX therapy.  This study found that at 1 year, the data favored abatacept over infliximab.  It should be noted that the dose used in this study was 3mg/kg, while it has been shown that doses may need to be increased in up to 30% of patients treated with infliximab.14
Based upon the available data, DERP’s “adjusted indirect comparisons of placebo-control randomized controlled trials suggest that no substantial differences exist among the efficacy of adalimumab, etanercept and infliximab.” 12  DERP found no synergistic benefits of the combination of etanercept with abatacept or anakinra. 12,15,16  DERP did not review tocilizumab as it was only recently approved in the United States (approved January 11, 2010).
NICE17
In 2009, the National Institute of Health and Clinical Excellence (NICE) published a national treatment guideline for adults with RA.  This document was based upon the body of evidence available using published clinical and economic data with expert consensus.  The TNF α Antagonists (adalimumab, etanercept and infliximab) and rituximab were reviewed.  Abatacept was also reviewed, but it was identified as an agent that was “not cost-effective for use in the National Health Service (NHS).”  Other biologic agents were not reviewed.  Their review summarized the following:
· Adding biologics to conventional DMARDs add benefit for symptoms and quality of life (QOL)
· Combining biologics to MTX shows improvement in radiological damage versus MTX monotherapy
· TNF α Antagonists with MTX were superior to either agent alone with symptom relief, functional outcomes, QOL and joint damage.
· Rituximab is superior to MTX for symptom control and functional outcomes, while etanercept was shown to be better than sulfasalazine.

· Etanercept was superior to MTX for radiologic benefit, but showed limited difference in symptom control or functional outcomes.
Their recommendations were to consider the use of TNF α Antagonists (Adalimumab, Etanercept and Infliximab) in select patients (DAS28 >5.1 on two visits, 1 month apart and after use of at least two non-biologic DMARDs including MTX for 6 months).  When TNF α Antagonists are used, they should be added to MTX or as monotherapy in patients unable to tolerate MTX or when MTX is inappropriate to use.   They also recommend continuing the TNF α Antagonists only if an improvement of DAS28 of 1.2 points or more is seen.  Patients on TNF α Antagonists should be monitored every 6 months with DAS28 assessment.  Alternative TNF α Antagonists may be considered for patients who did not tolerate the TNF α Antagonist.  No discussion was provided for switching agents for non-response to the initial TNF α Antagonist.
Rituximab was recommended for use in patients with refractory RA, defined as an inadequate response or intolerance to other DMARDs, including at least one TNF α Antagonist.  When used, it should be used in combination with MTX and continued if an adequate response in DAS28 was seen (1.2 points or more).  Repeat courses should not be given more frequently than every 6 months according the NICE recommendations.
The NICE RA guidelines did not recommend the use of Abatacept for treatment of patients with RA.  The NICE RA guidelines did not review tocilizumab.

Erickson and Mikuls published a report looking at the available evidence with switching patients to other TNF α Antagonists.  They noted that many of the studies available that analyzed switching strategies were not randomized, did not have a control, had small numbers and were of short duration.  But despite these limitations, they stated that “these reports suggest that switching anti-TNF-α-agents is indeed a rational treatment strategy.” 18 Of note, this article looked only at TNF α Antagonist, while the armamentarium now includes abatacept, rituximab and tocilizumab, each having different mechanisms of action, thus increasing treatment options for patients with treatment resistant RA.
Adverse Events: 2-9
TNF α Antagonists (Class)

Headache, URI symptoms, injection site reaction, HTN, rash, sinusitis, nausea, abdominal pain, CHF, severe skin reactions, infections, hepatitis B reactivation, tuberculosis, myelosuppression, malignancy, lymphoma, CNS demyelinating diseases, aplastic anemia,  angioedema, UTI, back pain, seizures, sepsis, antibody formation, lupus erythematosus, new onset psoriasis, increased liver enzymes

Adalimumab

Hyperlipidemia, hypercholesterolemia, hematuria, CPK increase, leg thrombosis 

Etanercept

Cough, optic neuritis, psoriasis exacerbation, autoimmune hepatitis, DVT 

Infliximab

Hepatotoxicity (may be fatal), hepatosplenic T-cell lymphoma (peds), skin carcinoma (psoriasis patients), serum sickness, pneumonia, pulmonary embolism

Golimumab

Influenza, bronchitis, psoriasis exacerbation, psoriasis (new onset)

Certolizumab pegol

Serum sickness, pyrexia, optic neuritis, peripheral neuropathy, suicidal attempt, bipolar disorder

Abatacept
Infusion-related reactions, serious infections, rash, COPD exacerbation, headache, upper respiratory infection, hypertension, urinary tract infection, pyrexia, cough, back pain, extremity pain, GI symptoms, pneumonia, malignancy, multiple sclerosis, cellulitis, acute pyelonephritis 

Rituximab
Infusion reactions, rash, hyperglycemia, peripheral edema, bronchospasm, neutropenia, lymphopenia, thrombocytopenia, anemia, weakness, serious infections, hepatitis B reactivation, GI obstruction/perforation, angioedema, MI, severe hypotension, Steven-Johnson syndrome, toxic epidermal necrolysis 

Tocilizumab

Serious infection, gastrointestinal perforations, neutropenia,  reduced platelet counts, increased LFT’s, hyperlipidemia, immunosuppression, hypsersensitivity reactions, demyelinating disorders, hepatic impairment
Precautions/Contraindications: 2-9
TNF α Antagonists (Class):

Black Box Warnings: TB frequently disseminated or extrapulmonary, sepsis, and other serious infections (including TB, invasive fungal, and other opportunistic infections) observed. Evaluate for TB risk factors and screen for latent TB infection prior to and during treatment. Initiate treatment of latent TB infection prior to therapy with TNF alpha inhibitors. 

Contraindicated in patients with hypersensitivity to the drug/class/any component of the formulation, sepsis, active infection, or concurrent live vaccination. Patients should be brought up to date with all immunizations before initiating therapy.

Caution in patients who have chronic/recurrent infections, opportunistic infection history, infection risk factors, latent TB, TB risk factors, hepatitis B carrier, CHF, malignancy risk/history, CNS demyelinating diseases, or resides/travels in area with endemic TB or mycoses

Etanercept

Contraindicated in patients who have Wegener’s granulomatosis and are on immunosuppressants. Caution in patients with mod-severe alcoholic hepatitis, concurrent use of immunosuppressants, or seizure disorder

Infliximab

Contraindicated in patients who are hypersensitive to murine proteins or any component of the formulation, or administration of >5mg/kg to patients with moderate or severe CHF (NYHA class III/IV). Caution in patients with NYHA class I/II CHF, adolescent/young adult males, moderate-severe COPD, seizure disorder

Abatacept

Contraindicated in patients who have hypersensitivity to drug/class/any component in the formulation, active infection, or concurrent live vaccination.  Caution in patients with chronic/recurrent infections, latent TB, hepatitis B, COPD, immunosuppressive, malignancy risk or history, or elderly patients

Rituximab
Black Box Warnings: Fatal infusion reactions; acute renal failure requiring dialysis with some fatal outcomes reported in setting of tumor lysis syndrome after rituximab treatment; severe mucocutaneous reactions, some fatal, reported; JC virus infection resulting in Progressive Multifocal Leukoencephalopathy and death reported.

Contraindicated in patients who have hypersensitivity to murine proteins or drug/class/any component of the formulation. Caution in patients with history of arrhythmias, angina, high tumor burden, concomitant cisplatin, hepatitis B carrier, latent or chronic infection, or in elderly patients

Tocilizumab

Black Box Warnings:  increased risk of serious infections that may lead to hospitalization or death; may include tuberculosis, invasive fungal infections, bacterial, viral and other infections due to opportunistic pathogens.  
Contraindications-none 
Cancer Rate
Of note, an observational trial was reported in 2007 and studied the incidence of various types of cancer in patients receiving various biologic agents.  The agents studied included:  infliximab, etanercept, adalimumab and anakinra.  This study had 5257 patients who received biologic therapy during the study period for a mean duration of 3 years.  This study found no difference from the general population for the overall rate of cancer, while it identified a positive association between biologics and skin cancers.19
Look-alike/Sound-alike Error Risk Potential:20
	Agent
	Brand
	May be confused with

	Adalimumab
	Humira; Humira pen
	Humalog; Humulin; Humapen Memoir

	Etanercept
	Enbrel
	Levbid

	Infliximab
	Remicade
	Renacidin, Rituxan, InFLIXimab-RiTUXimab

	Golimumab
	Simponi
	None

	Certolizumab pegol
	Cimzia
	None

	Abatacept
	Orencia
	Oracea

	Rituximab
	Rituxan
	Remicade, RiTUXimab-InFLIXimab; bevacizumab


Drug Interactions:2-9
Adalimumab
Anakinra-increased risk of serious infection, increased risk of neutropenia and no additional benefit with concomittant administration of TNF-α antagonists 

Live Vaccines-should not be given

Methotrexate-Reduced clearance of adalimumab when concurrently administered, although no dose adjustment of either product is recommended.

Etanercept

Anakinra-increased risk of serious infection, increased risk of neutropenia and no additional benefit with concomittant administration of TNF-α antagonists 

Cyclophosphamide-a higher rate of non-cutaneous solid maligancies were seen in patients with Wegener’s granulomatosis and concommittant etanercept/cyclophosphamide therapy, therefore concurrent therapy is not recommended.
Infliximab

Anakinra-increased risk of serious infection, increased risk of neutropenia and no additional benefit with concomittant administration of TNF α antagonists 

-Specific drug interaction studies, including interactions with MTX have not been conducted.
Golimumab

Abatacept-increased risk of serious infection

Anakinra-increased risk of serious infection

Live Vaccines-should not be given concommitantly

Certolizumab pegol

Biologic DMARD’s-increased risk of serious infections

Live vaccines-do not give concommittantly

Laboratory tests-may interfere with aPTT tests, leading to erroneosly elevated levels in patients without coagulation abnormalities.  There is no evidence of in vivo effect on coagulation.

Abatacept

TNF α Antagonists-increased risk of serious infections with no additional efficacy over TNF α antagonist monotherapy.

Anakinra-insufficient experience to assess concurrent therapy with other biologic RA therapy, such as anakinra, therefore it is not recommended.

Blood Glucose Testing-falsely elevated blood glucose readings on the day of infusion may be seedn in patients that use test strips with glucose dehydrogenase pyrroloquinolineequinone (GDH-PQQ) due  to a reaction with the maltose present in abatacept.

Rituximab

Cisplatin-renal toxicity seen when used in combination.

Tocilizumab

CYP450-in vitro studies show the potential to affect CYP1A2, CYP2B6, CYP2C19, CYP2D6 and CYP3A4.   Caution should be used when coadministered with CYP3A4 drugs where a decrease in effectivenes is undesirable.

Live vaccines-do not give concommittantly

Conclusions: 

1. How do the Biologics compare in efficacy/effectiveness for treating patients with RA?

Based upon the available data, while some differences exist, overall, it appears that agents within the biologic class are similar in terms of efficacy and effectiveness.  There does appear to be some benefit from sequential administration of biologic agents in patients who did not respond to an initial TNF α antagonist.
2. How do the Biologics compare with respect to safety and tolerability?
Among the TNF α antagonists, variances exist, but they should be considered similar in terms of safety and tolerability. Each carries the same black box warning concerning latent TB, sepsis and acute infections.  Rituximab does carry a black box warning concerning fatal infusion reactions that is not found with other agents. 

3. Do the Biologics differ in terms of efficacy or safety/tolerability in specific subsets of patients (e.g., based on age, sex, renal or hepatic insufficiency, etc.) 

Etanercept should be used with caution in patients with mod-severe alcoholic hepatitis.  Infliximab carries a caution statement for patients with NYHA class I/II CHF, adolescent/young adult males, moderate-severe COPD or seizure disorders.  Other subsets of population carry similar recommendations between the available drugs.

Recommendations:
This class has significant relevance in the treatment of treatment of patients with rheumatoid arthritis.  It seems most prudent for these medications to be considered for formulary status at the local or area level based upon specific use patterns within the facility or area, due to the potential for switch therapy (TNF α antagonist)  or sequential treatment (TNF α antagonist followed by rituximab/abatacept) in the non-responder patient.
Abbreviations/Definitions:
Evidence level A=derived from multiple randomized clinical trials (RTC) or meta-analyses11
Evidence level B=derived from a single randomized or nonrandomized trial11
Evidence level C=derived from consensus opinion of experts, case studies or standards of care11
Evidence level C*=combination of judgement, extrapolation of evidence and group consensus11
MTX=Methotrexate
RA=Rheumatoid Arthritis

ACR20/50/70=American College of Rheumatology; 20/50/70=percent improvement in tender and swollen joints and the same level of improvement in three of the five following variables: patient and physician global assessments, pain, HAQ, and acute phase reactants.

DMARD=Disease modifying anti-rheumatic drug

TNF=Tumor necrosis factor

IL-1=interleukin 1

IL-6=interleukin 6

DAS28=disease activity score in 28 joints

DERP= The Oregon Health Sciences, Drug Effectiveness Review Project

NICE= The National Institute of Health and Clinical Excellence

NHS=National Health Service
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