

	
National PBM  Evidence Summary 

DISEASE MODIFYING 
ANTI-RHEUMATIC DRUGS (DMARDs):

Anti-TNF DMARDs: Etanercept, Infliximab, Adalimumab, Certolizumab Pegol, Golimumab

IN THE TREATMENT OF 
RHEUMATOID ARTHRITIS (RA)

VHA Pharmacy Benefits Management Services
and Medical Advisory Panel






Contents

I.  Summary 

II. Tables
	a. Table 1. FDA-Approved Rheumatoid Arthritis Indications
	b. Table 2. FDA-Approved Dosing and Administration
	c. Table 3. Contraindications
	d. Table 4. Precautions
	e. Table 5. Monitoring Parameters
	f. Table 6. Toxicity/Adverse Event Considerations for Early Discontinuation of Therapy
	g. Table 7. Adverse Events and Safety Information
	
III. Appendices
	A. Select Literature Summary
	B. Summary of Trials Evaluating Anti-TNF Use in Early RA
	
IV. References









I.	Summary

	The National PBM Drug Criteria for Use entitled Leflunomide and Biologic Disease Modifying Anti-Rheumatic Drugs (DMARDs) in the Treatment of Moderate and Severe Rheumatoid Arthritis was originally posted in 2006 and has since been archived.  The original document can be retrieved at https://vaww.cmopnational.va.gov/cmop/PBM/Clinical%20Guidance/Archived%20Criteria,%20Guidelines%20and%20Reviews/Criteria%20for%20Use%20(Archive)/DMARDs%20for%20Rheumatoid%20Arthritis%20(Leflunomide%20and%20Biologic%20Agents),%20Criteria%20for%20Use.pdf .  The remainder of this document will focus on updating the Anti-TNF DMARDs and includes the following five agents:  etanercept, adalimumab, infliximab, certolizumab pegol and golimumab.1-6

The updated ACR recommendations7,8, in conjunction with a PubMed literature search with limitations of: timeframe between September 1, 2006 to July 1, 2013. Clinical trials, Meta-analyses, Randomized-Controlled Trials, Adults > 19 years to > 80 years, Human species, English language, and search terms “rheumatoid arthritis” and “adalimumab, etanercept, infliximab”, were used to develop this document.  A second search was conducted, similar to the first, except the drug names were expanded to include the most recently approved anti-TNF agents, “certolizumab pegol and golimumab”.  

Head-to-head trials comparing the anti-TNF agents have not been performed.  Any estimation of comparative efficacy is attempted via indirect comparative methods.  Meta-analyses and systematic reviews of the first 3 anti-TNF agents to receive FDA-approval, adalimumab, etanercept and infliximab, have been performed by various groups.  All reviews reported here evaluate achievement of the primary endpoint, ACR response (ACR20, ACR50, ACR70).  A few reports include the efficacy endpoints of European League Against Rheumatism (EULAR) good response, Clinical Disease Activity Index (CDAI) remission and Disease Activity Score employing 28-joint count (DAS28) remission.  There is less comparative literature that includes the newest anti-TNF agents, certolizumab pegol and golimumab. 

 In the setting of active RA despite methotrexate treatment, a recently published trial from the Veterans Affairs Cooperative Studies Program compared treatment with conventional DMARDs versus biologic therapy.9 This was a non-inferiority trial that compared “triple therapy” with methotrexate, sulfasalazine and hydroxychloroquine to the combination of etanercept and methotrexate.

In addition to comparing anti-TNF agents for safety and efficacy, the role of anti-TNF agents in early RA is an area with more published evidence.  ACR guidelines have incorporated the use of anti-TNF agents into the management of patients with early RA, high disease activity and poor prognostic risk factors.  Evidence to support these recommendations is included.

A. Systematic Review and Meta-Analyses.  Alonso-Ruiz, et al.10 evaluated randomized controlled trials of infliximab, etanercept and adalimumab that lasted for at least 6 months.  A total of 13 RCTs, encompassing 7087 patients, were included.  They note that the efficacy of achieving ACR20 among all anti-TNF agents in patients without prior methotrexate therapy is relatively small, whereas a larger effect is noted in patients with prior insufficient response to methotrexate.  All three anti-TNF agents were more effective than placebo, with similar responses.  Etanercept and adalimumab, as monotherapy, were superior to placebo, but similar to MTX.  Those treated with anti-TNF agents experienced more adverse events.  Infliximab- and adalimumab-treated patients had higher withdrawal rates.  Infliximab-treated patients experienced higher serious adverse events.

Donahue, et al.11 performed a systematic review of DMARDs for RA that included the anti-TNF agents adalimumab, infliximab and etanercept.  With regards to the biological DMARDs, the group compared studies evaluating the combination of a biological DMARD with methotrexate versus biological DMARD monotherapy.  Four trials and two prospective cohort studies suggested that the combination of adalimumab, etanercept, infliximab or rituximab plus methotrexate resulted in better outcomes than monotherapy with a biological DMARD.  Patients with early, aggressive RA demonstrated greater responses when treated with a combination.  Combining etanercept with sulfasalazine did not result in better outcomes than treatment with etanercept alone.

Wiens, et al.12 published a meta-analysis on the efficacy and safety of adalimumab, etanercept and infliximab at usual doses compared to placebo.  A total of 21 randomized, placebo-controlled trials were included and ranged from January 1995- December 2008.  ACR improvement criterion was used to compare efficacy.  Etanercept and adalimumab demonstrated the highest responses among short-term treatment (12-30 weeks).  Adalimumab demonstrated the highest response among long-term treatment courses (1-3 years).  Infliximab demonstrated the highest risk ratios for serious adverse events and malignancy while adalimumab was highest with regard to serious infections and death.  Etanercept showed the lowest risk ratios for the occurrence of serious adverse events, including infection.

Launois, et al.13 performed a systematic review in an attempt to compare the clinical efficacy of certolizumab pegol to ascertain noninferiority compared to other anti-cytokine agents.  Studies that were randomized, controlled, double-blind and published in the English language were included.  These studies evaluated adult patients with RA who had an inadequate response or no response to DMARD therapy, including MTX.  They evaluated anticytokine biotherapies versus placebo in combination with continuing a conventional DMARD.  A total of nineteen studies were selected according to the predefined criteria.  All were comparative studies versus placebo; 14 studies evaluated the efficacy of infliximab, etanercept, adalimumab, golimumab and certolizumab; 5 evaluated anti-interleukin therapies anakinra and tocilizumab.  A total of 7158 patients were included.  In most studies, the DMARD used was methotrexate.  Heterogeneity existed among studies with regards to duration of RA.  The subjects were homogenous with regards to age and functional score.  In all studies, except a golimumab study, significant efficacy versus placebo was noted for all therapies on the ACR20 and ACR50 response.  According to the random-effects model, taking heterogeneity into account, each therapy exhibited a higher response vs. placebo on ACR20 and ACR50 criterion, except for anakinra.  Certolizumab appeared to have a higher response value for ACR20 response than infliximab, adalimumab and anakinra, but not significantly different than etanercept, golimumab and tocilizumab.  The noninferiority analysis suggests that there is a high likelihood that certolizumab is non-inferior to other biologic treatments.

Aaltonen KJ, et al.14 performed a systematic review and meta-analysis of five anti-TNF agents available for treatment of RA.  A total of 41 articles reported the results of 26 randomized, controlled trials.  The results indicate that the anti-TNF agents, overall, were more efficacious than control at ACR20, ACR50 and ACR70.  Golimumab appeared to be inferior to etanercept, adalimumab and certolizumab with regards to the primary endpoint of ACR50.  Patients treated with anti-TNF therapy plus MTX vs. MTX alone had significantly higher ACR responses than with MTX-alone treated patients.  Higher doses of anti-TNF therapy compared to normal doses showed no additional benefit.  The primary safety endpoint was the discontinuation of study due to adverse events.  Patients on infliximab, adalimumab and certolizumab were more likely to discontinue therapy, as opposed to those receiving etanercept.  When comparing those on anti-TNF agents plus MTX vs. MTX alone, etanercept no longer decreased the likelihood of discontinuation due to adverse events.  There was a trend for elevated risk ratios for the combination, but none reached statistical significance.

B. Observational study. The nationwide Danish DANBIO registry provided the data for Hetland et al.15   The DANBIO registry is web-based and populated by Danish rheumatologists to monitor and report details of anti-TNF therapy.  This registry has been in existence since October 2000.  The current report included patients in whom the first anti-TNF therapy was initiated (adalimumab, etanercept or infliximab).  Patients were assessed after 6 and 12 months.  Adalimumab demonstrated the highest ACR70 response, EULAR response and DAS remission among the anti-TNF agents, while infliximab had the lowest.  Etanercept had the highest drug survival rate (adherence).

C. Comparative Effective Analyses. A comparative effective analysis using an indirect treatment comparison method was performed by Devine, et al.16   The focus was adult patients with RA who had never failed a biologic DMARD.  The primary efficacy endpoint was ACR 50 at 6-months and 12-months.  Results at 6-months indicate that all biologic DMARDs were more effective than placebo, as well as methotrexate.  Biologics were ranked in order of highest to lowest efficacy: certolizumab, tocilizumab, rituximab, infliximab, etanercept, adalimumab, golimumab, abatacept and anakinra.  The results at 12-months suggest that all biologic DMARDs (except abatacept), were more effective than placebo.  Rank in order of efficacy: certolizumab, rituximab, adalimumab, infliximab, etanercept and abatacept.  In pairwise comparisons, each class was more effective than methotrexate, but none was more effective than another.

Greenberg, et al.17 published a report of the US Consortium of Rheumatology Researchers of North America (CORRONA) registry.  CORRONA is an independent, prospective, observational cohort of arthritis patients enrolled by rheumatologists in both academic and private practice settings.  In this report their aim was to compare clinical effectiveness of adalimumab, etanercept and infliximab in naïve and switched RA patients.  Efficacy was measured in terms of ACR response, Disease Activity Score employing 28-joint count (DAS28) and Clinical Disease Activity Index (CDAI).  Efficacy was evaluated at 6, 12 and 24 months.  In biologic-naïve patients, similar ACR20, 50, 70,   CDAI and DAS28 rates were noted among all 3 anti-TNF agents at all time-points.  Switched patients had inferior responses compared to naïve patients.  Therapy persistence at 12 and 24 months was higher in naïve patients and decreased when a switch in therapy was made.  

D.  Retrospective Claims and Medical Record Review. Investigation into dosing patterns of anti-TNF agents has led to the publication of retrospective claim and medical record reviews.  Harrison, et al.18 reviewed claims data in adult patients with RA and at least 2 claims for the same anti-TNF agent in a 12-months period in an attempt to compare dosing patterns, cost and health care utilization for patients receiving etanercept, adalimumab or infliximab.  Dose increases were more likely to occur with infliximab compared to adalimumab and etanercept.  Among anti-TNF therapy naïve patients, the number of RA-related office visits were highest with infliximab.  Among both naïve and continuing patients, etanercept was associated with the lowest anti-TNF costs whereas infliximab was associated with the highest.  Moots, et al.19 evaluated differences in dose-escalation and steroid intensification via retrospective record review.  Patients receiving continuous treatment with etanercept, adalimumab or infliximab for 18 months were evaluated for dose-escalation at 12 and 18 months.  At 12 and 18-months, adalimumab had the highest percent change in dose from baseline.  At 18-months, infliximab had the highest rate of biologic dose increase, addition of DMARD or both.  Related costs associated with the dose-adjustments for adalimumab and infliximab were also higher.

E. Prospective Randomized Controlled Trials in Early RA. The role of anti-TNF agents in early rheumatoid arthritis (defined as < 6 months) has been evolving.  Many studies have indicated that radiographic progression can be halted or slowed down with the use of anti-TNF agents.  Similarly, none of these trials have compared anti-TNF agents against one another, but have been compared to their combination with methotrexate or methotrexate alone.  Etanercept has been studied in the early disease stage in the Enbrel ERA21,22  COMET25 and TEMPO26 trials.  The data for the TEMPO trial extends to 3 years.  Infliximab was studied in early RA in both the ASPIRE23 and BeSt24 trials, which both extend to 2 years.  Adalimumab, studied in the PREMIER27 and HOPEFUL128 trials, extend to 2 years as well.  Although long-term evidence does not exist for this population of patients who received anti-TNF early in their course of therapy, there is support that radiographic progression may be minimized and use in poor prognosis patients with high disease activity can be considered.21-28

[bookmark: _GoBack]F. Dose-Reduction and Drug Holidays.  There is ongoing research with respect to dose-reducing anti-TNF therapy in RA as well as research evaluating removal of anti-TNF therapy, similar to a “drug holiday”.  Studies have evaluated removal or dose-reduction of anti-TNF therapies at different remission points (i.e. DAS28-ESR < 3.4 and DAS28-ESR < 2.6) with varied outcomes.30-33  Although the potential benefits of managing RA with less biologic therapy is of great interest, there are too many unknowns regarding the long-term consequences of this practice to make a consistent recommendation for all anti-TNF biologics in RA.  
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Table 1.  FDA-Approved Rheumatoid Arthritis Indications for Anti-TNF DMARDs 

	
	Etanercept
	Infliximab
	Adalimumab
	Certolizumab Pegol
	Golimumab

	Moderately  to severely active RA
	X (1998)
	X (1999)
	X (2002)
	X (2011)
	X (2011)

	Reduction of signs and symptoms
	X (1998)
	X (1999)
	X (2002)
	
	

	Inhibition of  progression of structural damage
	X (2000)
	X (2000)
	X (2002)
	
	

	Improvement in physical function
	X (2003)
	X (2002)
	X (2004)
	
	

	Induction of major clinical response
	X (2004)
	
	X
	
	

	Monotherapy
	X
	
	X
	X
	X

	Combination therapy
	X
	X (with MTX)
	X (with MTX or other DMARDs)
	X (with MTX)
	X (with MTX)

	Use after inadequate response to > 1 DMARDs
	
	X (inadequate response to MTX)
	X (2004)
	X
	X

	Use in patients who have not previously failed treatment with a DMARD
	X (2000)
	X (2004; can be used in patients not previously treated with MTX)
	X (2005; can be used in patients not previously treated with MTX)
	
	X

	Use after inadequate response to > 1 TNF-α antagonists
	
	
	
	
	X





Table 2.  FDA-Approved Dosing and Administration for Anti-TNF DMARDs 

	
	Etanercept
	Infliximab
	Adalimumab
	Certolizumab Pegol
	Golimumab (G);
Golimumab IV (G-IV)

	Initial Dose
	Not Applicable
	3mg/kg over 2 hours at weeks 0, 2, 6 in combination with MTX
	Not Applicable
	400 mg x 1, then 400 mg at weeks 2 and 4
	50 mg once monthly (G);
2 mg/kg IV on weeks 0 and 4 (G-IV)

	Maintenance Dose
	50 mg once weekly
	3mg/kg over 2 hours every 8 weeks in combination with MTX
	40mg every other week
	200 mg every other week;
400 mg every 4 weeks can be considered
	50 mg once monthly (G);
2 mg/kg IV every 8 weeks (G-IV)

	Route of Administration
	Subcutaneous
	Intravenous
	Subcutaneous
	Subcutaneous
	Subcutaneous (G);
Intravenous (G-IV)

	Time to Benefit
	8-12 weeks
	8-16 weeks
	12 weeks
	8-12 weeks
	8-16 weeks

	Maximum Dose
	50mg per week
	10mg/kg over 2 hours every 8 weeks in combination with MTX; or treating every 4 weeks
	40mg every week if not taking concomitant MTX 
	
	

	Dose Adjustments for Special Populations
	Not Applicable
	Not Applicable
	Not Applicable
	Not Applicable
	Not Applicable




Table 3.  Contraindications to Anti-TNF DMARDs

	Etanercept
	Infliximab
	Adalimumab
	Certolizumab Pegol
	Golimumab

	Hypersensitivity to etanercept or any of its components

Active infections including chronic or localized infections
	Doses > 5mg/kg in patients with moderate-severe heart failure (NYHA Class III/IV)*

Hypersensitivity to murine proteins or any component of infliximab

Clinically important, active infection
	Hypersensitivity to adalimumab or any of its components

Active infections, including chronic and localized infections
	Active infections, including chronic and localized infections

Combination therapy with biological DMARDs or other anti-TNF agents
	Active infections, including chronic and localized infections

Combination therapy with biological DMARDs or other anti-TNF agents

Latex allergy


* The 2012 ACR guidelines recommends not using an anti-TNF biologic in RA patients with CHF that is New York Heart Association (NYHA) class III or IV and who have an 
ejection fraction of 50% or less.



Table 4.  Precautions for Anti-TNF DMARDs

	Etanercept
	Infliximab
	Adalimumab
	Certolizumab Pegol
	Golimumab

	Risk of serious infections, or history of recurring infections or underlying conditions which may predispose patients to infections, such as advanced or poorly controlled diabetes (Boxed Warning)

Evaluate patients for tuberculosis risk factors and tested for latent infection prior to therapy initiation and periodically thereafter.

Avoid concomitant use with anakinra or abatacept – increased rate of infection

Pre-existing or recent onset of central nervous system (CNS) demyelinating disorders

Risk of significant hematologic abnormalities

Heart failure

Risk of malignancy (Boxed Warning)

Avoid vaccination with live vaccines  

Elderly population – increased risk of infections

Pregnancy (Category B)

Nursing mothers

Hepatitis B Virus reactivation

Hypersensitivity reactions

Avoid use in patients with Wegener’s Granulomatosis 

Caution in patients with mod-severe alcoholic hepatitis

Autoimmunity

Immunosuppression
	Risk of serious infections (Boxed Warning)

Evaluate patients for tuberculosis risk factors and tested for latent infection prior to therapy initiation and periodically thereafter.

Risk of lymphoma and malignancies in pediatric patients (Boxed Warning)

Hepatitis B virus reactivation

Risk of hepatotoxicity

Heart failure

Ongoing or h/o significant hematologic abnormalities

Hypersensitivity reactions

Concomitant use with anakinra

Concomitant use with abatacept

Switching between biological DMARDs

Pre-existing or recent onset of CNS demyelinating or seizure disorders

Autoimmunity

Vaccination with live vaccines

Elderly (>65 years) – increased risk of infection

Pregnancy (Category B)

Nursing mothers
	H/o recurrent infections or underlying conditions which may predispose to infections

Endemic regions for tuberculosis and histoplasmosis

Concomitant treatment with anakinra – possible increased risk of infection

Pre-existing or recent onset CNS demyelinating disorders

Heart failure

H/o malignancy

Immunosuppressed patients – safety and efficacy not evaluated

Vaccination with live vaccines

Elderly (>65 years) – increased risk of infection

Pregnancy (Category B)

Nursing mothers

Hepatitis B virus reactivation
	Risk of serious infections (Boxed Warning)

Evaluate patients for tuberculosis risk factors and tested for latent infection prior to therapy initiation and periodically thereafter.

Evaluate patients for risk of developing fungal infections.

Risk of lymphoma and malignancies in pediatric patients (Boxed Warning)

Heart failure

Hypersensitivity reactions

Hepatitis B virus reactivation

Pre-existing or recent onset CNS demyelinating disorders

Hematologic reactions

Autoimmunity

Pregnancy (Category B)

Nursing mothers

Elderly (>65 years) – increased risk of infection

Vaccination with live vaccines



	Risk of serious infections (Boxed Warning)

Evaluate patients for tuberculosis risk factors and tested for latent infection prior to therapy initiation and periodically thereafter.

Evaluate patients for risk of developing fungal infections.

Risk of lymphoma and malignancies in pediatric patients (Boxed Warning)

Heart failure

Hypersensitivity reactions

Hepatitis B virus reactivation

Pre-existing or recent onset CNS demyelinating disorders

Hematologic reactions

Autoimmunity

Pregnancy (Category B)

Nursing mothers

Elderly (>65 years) – increased risk of infection

Avoid vaccination with live vaccines

Use with concomitant abatacept or anakinra is not recommended due to increased risk of infection








Table 5.  Monitoring Parameters for Anti-TNF DMARDs

	
	Etanercept
	Infliximab
	Adalimumab
	Certolizumab Pegol
	Golimumab


	Baseline
	Screen for TB; 
Infections; 
Heart Failure;
CBC;
LFTs;
Hepatitis B serology;
Vaccinationsa
	Screen for TB; 
Infections; 
Heart Failure; 
CBC;
LFTs; 
Hepatitis B serology;
Vaccinationsa
	Screen for TB; 
Infections; 
Heart Failure;
CBC;
LFTs;
Vaccinationsa
	Screen for TB; 
Infections; 
Heart Failure;
CBC;
Vaccinationsa
	Screen for TB; 
Infections; 
Heart Failure;
CBC;
LFTs;
Hepatitis B serology;
Vaccinationsa

	Follow-up/Monitoring
	Signs of new infection

Signs of liver dysfunction

LFTs

Hepatitis B reactivation

New onset CHF or CHF exacerbation

CBCs

Monitoring of narrow therapeutic index drugs that are substrates of CYP450b



	Signs of new infection

Signs of liver dysfunction

LFTs

Hepatitis B reactivation

Signs of blood dyscrasias (i.e., bruising, bleeding, pallor)

CBCs

New onset CHF or CHF exacerbation

Monitoring of narrow therapeutic index drugs that are substrates of CYP450b
	S/sx  new
infection

S/sx Blood dyscrasias (i.e.,  bruising, bleeding, pallor)

S/sx new onset CHF or CHF exacerbation

CBC

LFTs

Hepatitis B reactivation

Monitoring of narrow therapeutic index drugs that are substrates of CYP450b

	S/sx  new
infection

S/sx Blood dyscrasias (i.e., persistent fever, bruising, bleeding, pallor)

S/sx new onset CHF or CHF exacerbation

CBC

Hepatitis B reactivation

Monitoring of narrow therapeutic index drugs that are substrates of CYP450b


	Signs of new infection;

Hepatitis B reactivation;

New onset CHF or CHF exacerbation;

CBCs;

LFTs

Monitoring of narrow therapeutic index drugs that are substrates of CYP450b



aACR 2012 guidelines recommend that all killed, recombinant and live attenuated vaccinations be undertaken when indicated (based on age and risk) before starting DMARD or biologic therapy. Also, if not previously done, pneumococcal (killed), influenza IM (killed), hepatitis B (killed) and HPV (recombinant) should be given in those already taking a DMARD or biologic.  Refer to CDC recommendations for detail about dosing and timing issues. Inactivated vaccines can be safely administered at any time before, during or after immunosuppression; to optimize immune effects, consider giving inactivated vaccines at least 14 days before initiation of immunosuppressive therapy. Consider giving live vaccines at least 4 weeks before beginning immune suppressive therapy. If live vaccines cannot be given prior to start of immune suppressive therapy, a waiting period of 3-5 half-lives of the biologic should elapse before administration of live vaccines.  Following vaccination with Herpes Zoster Vaccine, a live, attenuated vaccine, biologic therapy can resume in approximately 30 days.
bCertain drugs metabolized by CYP isoenzymes (i.e., those with a low therapeutic index [e.g., cyclosporine, theophylline, warfarin]) should be monitored for therapeutic effect and/or changes in serum concentrations, and dosages of these drugs may be adjusted as needed.1


Table 6.  Toxicity/Adverse Event Considerations for Early Discontinuation of Therapy
	Etanercept
	Infliximab
	Adalimumab
	Certolizumab Pegol
	Golimumab

	Development of serious infection or sepsis

Anaphylactic reaction or other serious allergic reaction

Significant exposure to Varicella virus

Significant CNS adverse reactions

Development of  lupus-like syndrome or autoimmune hepatitis

New onset or worsening symptoms of heart failure

Significant hematologic abnormalities

Significant hepatic abnormalities

Development of a malignancya


	Development of serious infection

Development of jaundice or marked liver enzyme elevations (> 5X ULN)

Hepatitis B reactivation

New onset or worsening symptoms of heart failure

Significant hematologic abnormalities

Severe hypersensitivity reaction

Significant CNS adverse reactions

Development of lupus-like syndrome

Development of a malignancya

Development of a lupus-like syndrome indicative of autoanti-body formation
	Development of serious infection

Anaphylactic or serious allergic reaction

Confirmed significant hematologic abnormalities

Development of s/sx lupus-like syndrome

New onset or worsening symptoms of heart failure


Significant hepatic abnormalities

Development of a malignancya



	Development of serious infection or sepsis.

Development of a malignancya

New onset or worsening symptoms of heart failure

Severe hypersensitivity reaction

Hepatitis B reactivation

Severe hematologic abnormalities

Development of a lupus-like syndrome indicative of auto-antibody formation


	Development of serious infection or sepsis.

Development of a malignancya

New onset or worsening symptoms of heart failure

Severe hypersensitivity reaction

Hepatitis B reactivation

Severe hematologic abnormalities

Development of a lupus-like syndrome indicative of autoanti-body formation

Development of jaundice or marked liver enzyme elevations (> 5X ULN)



a For patients treated for a solid malignancy more than 5 yrs ago or who have been treated for nonmelanoma skin cancer more than 5 yrs ago, the ACR guidelines recommend starting or resuming any biologic agent if those patients would otherwise qualify for this RA management strategy.2 


Table 7.  Adverse Events and Safety Information for Anti-TNF DMARDs 

	
	Etanercept
	Infliximab
	Adalimumab
	Certolizumab Pegol
	Golimumab

	TUBERCULOSIS
	Postmarketed cases of tuberculosis (TB) reactivation have been reported for anti-TNF agents.  TB has developed in patients who tested negative for latent TB prior to start of therapy.

Treatment of latent TB prior to therapy has been shown to reduce the risk of TB reactivation during therapy.

Anti-TB therapy should be considered prior to start of etanercept in patients with a past history of latent or active TB in whom an adequate course of treatment cannot be confirmed and for patients with a negative test for latent TB but having risk factors for TB infection.

Consider TB in patients who develop a new infection during etanercept treatment, especially those who have previously or recently traveled to countries with a high prevalence of TB, or have had close contact with a person with active TB.
	Cases of reactivation or new TB infections have been reported in patients receiving infliximab.  

Treatment of latent TB infection prior to therapy with anti-TNF agents can reduce reactivation.

Anti-TB therapy should be considered prior to start of infliximab in patients with past history of latent/active TB and an adequate course of treatment cannot be confirmed.

TB should be considered in patients who develop a new infection during treatment.

Monitor patients for signs/symptoms of infection during and after treatment.  Tests for latent TB infection may be falsely negative while on infliximab.
	Among controlled portions of clinical trials in all FDA indications, the rate of serious infections was 4.7 per 100 patient-years in 6694 adalimumab-treated patients vs. 2.7 per 100 patient-years in 3749 control-patients.

Among 45 global trials in 22,026 adalimumab-treated patients, rate of active TB 0.22 per 100 patient-years; reported active TB was 0.07 per 100 patient-years; 
positive PPD-conversion 0.06 per 100 patient-years; serious OI reported at rate of 0.07 per 100 patient-years; some fatal OI and TB cases reported.
	Overall rate of TB is ~ 0.61 per 100 patient-years after looking at all indications in all global clinical trials.  

Median time to TB onset 345 days;

In RA studies, 36 cases of TB were reported among 2367 exposed patients.
	In controlled and uncontrolled portions of the RA, PsA and AS clinical trials, the incidence of active TB was 0.23 and 0 per 100 patient-years in 2347 golimumab-treated patients and 674 placebo-treated patients.  Both pulmonary and extra-pulmonary TB were noted.

	OTHER  INFECTIONS
	Serious and sometimes fatal fungal infections have been reported with anti-TNF agents, including etanercept.  Suspect invasive fungal infections in patients who reside or travel in regions where mycoses are endemic who develop a serious systemic illness.

Consider empiric anti-fungal therapy while a diagnostic workup is being performed.

Among 38 etanercept clinical trials and 4 cohort studies in all approved indications representing 27,169 patient-years of exposure (17,696 patients) from the US and Canada, no histoplasmosis infections were reported in patients receiving etanercept.
	Opportunistic infections due to bacterial, mycobacterial, invasive fungal, viral or parasitic organisms including aspergillosis, blastomycosis, candidiasis, coccidioidomycosis, histoplasmosis, legionellosis, literiosis and pneumocystosis have been reported with anti-TNF agents.

Suspect invasive fungal infections in patients who reside/travel in areas endemic to mycoses.  
	Serious infections observed included pneumonia, septic arthritis, prosthetic and post-surgical infections, erysipelas, cellulitis, diverticulitis, pyelonephritis.
	Incidence of new cases in RA clinical trials was 0.91 per patient-year for all certolizumab-treated patients vs. 0.72 per patient-year for all placebo-treated patients;

Infections consisted of upper respiratory tract infections, herpes, urinary tract infections and lower respiratory tract infections

Rate of serious infection in 200 mg every other week: 0.06 per patient-year vs. 400 mg every 4 weeks: 0.04 per patient-year

Serious infections included TB, pneumonia, cellulitis, pyelonephritis
	Infections were observed in 28% vs. 25% of golimumab vs. control-treated patients, respectively, in the controlled phase 3 clinical trials up to week 16.

Most common infection leading to study discontinuation in the phase 3 trials was sepsis (0.2%).








	
	Etanercept
	Infliximab
	Adalimumab
	Certolizumab Pegol
	Golimumab

	CNS
DEMYELINATION
	Rare (< 0.1%) cases of new onset or exacerbation of CNS demyelinating disorders have been reported.  

Exercise caution when considering use of etanercept in patients with pre-existing or recent-onset CNS or peripheral nervous system demyelinating disorders.

	Rare cases of CNS manifestation of systemic vasculitis, seizure, new onset or exacerbation of CNS demyelinating disorders have been noted.  

Signs/symptoms included confusion, visual loss, paresthesias, progressive weakness, and bladder/bowel difficulties.
	4 cases:  
1 = optic neuritis;
3 = parasthesias;
3 out of 4 resolved with discontinuation of therapy
	Rare cases, including seizure disorder, optic neuritis and peripheral neuropathy have been reported.
	Rare cases, including seizure disorder, optic neuritis and peripheral neuropathy have been reported.

	CONGESTIVE HEART
FAILURE

	There have been postmarketing reports of worsening CHF in patients taking etanercept; rare (<0.1%) reports of new onset CHF have been noted, even in patients without pre-existing CV disease; some of these cases were in patients < age 50.

Exercise caution when using etanercept in patients who have heart failure; monitor carefully.
	ATTACH – Phase II, pilot trial; randomized, double-blind, placebo-controlled, multicenter trial (32 centers in US); ~ 149 subjects 

16 deaths total; 7 due to worsening CHF

A study in patients with heart failure (NYHA III/IV) suggested higher mortality in patients who received 10 mg/kg infliximab; higher rates of CV AE at 5-10 mg/kg doses.  

Post-marketing reports of worsening heart failure; rare reports of new onset heart failure; some under age 50 years.

	Not known. No trials in severe heart failure have been performed due to observed increase in morbidity and mortality in other trials of TNF antagonists in patients with moderate to severe heart failure (grade II-IV).  Patients with controlled CHF were not excluded in pivotal trials, and no CHF exacerbations were seen.
	Cases of new or worsening heart failure have been reported; the majority were considered to be mild-moderate in severity;
These cases occurred during the first year of drug exposure.
	Cases of new or worsening heart failure have been reported

	LIVER REACTIONS

	NA
	Hepatotoxicity rarely reported in patients receiving infliximab; reactivation of Hep B virus has occurred; elevations of ALT in greater amt of pts receiving infliximab; pts typically asymptomatic.

RA: ALT 1-3x ULN in 24 vs. 34% placebo vs. infliximab-tx patients
	In controlled phase 3 trials, 3.5% of patients treated with adalimumab experienced an increase in ALT (> 3x ULN) as compared with 1.5% receiving placebo.
	
	Among phase 3 trials ALT elevations > 5x ULN occurred in 0.2% of patients in the control arm vs. 0.7% of patients treated with golimumab; patients were also taking concomitant drugs that can lead to LFT elevations; a direct association with golimumab is not clear

	HEMATOLOGIC ABNORMALITIES
	Rare (< 0.1%) reports of pancytopenia; very rare (< 0.01%) reports of aplastic anemia, some with fatal outcome, have been reported with etanercept; causal relationship unknown

Exercise caution in patients with history of significant hematologic abnormalities.

Seek medical attention if signs/symptoms of blood dyscrasias or infection are noted while on therapy.

2% of patients treated concurrently with etanercept and anakinra developed neutropenia (ANC < 1 x 109/L)
	Leukopenia, neutropenia, thrombocytopenia and pancytopenia; some fatal cases; reported with infliximab; causal relationship unclear.
	Agranulocytosis, granulocytopenia, leukopenia, pancytopenia, polycythemia, and thrombocytopenia reported with an occurrence of <5%.
	Rare reports of pancytopenia; infrequent reports of leukopenia and thrombocytopenia.
	Cases of pancytopenia, leukopenia, neutropenia and thrombocytopenia have been reported in golimumab-treated patients






	
	Etanercept
	Infliximab
	Adalimumab
	Certolizumab Pegol
	Golimumab

	MALIGNANCIES
Including lymphoma, leukemia and other malignancies

	Lymphoma
In 12,845 patient-years of therapy, among 6543 adult rheumatology (RA, PsA, AS) patients, the observed rate of lymphoma was 0.10 cases per 100 patient-years; This is 3x higher than expected in general US population based on SEER data; an increased rate in the RA patient population was noted and may be further increased in those with severe disease activity.

Leukemia
In the absence of anti-TNF therapy, patients with RA may have 2x higher risk of developing leukemia; during controlled portions of etanercept trials, 2 cases of leukemia were observed among 5445 (0.06 cases per 100 patient-years) etanercept-treated patients vs. 0 among 2890 (0%) control patients; among 15,401 patients treated with etanercept in controlled/open portions of clinical trials (23,325 patient-yrs of therapy), rate of leukemia was 0.03 cases/100 patient-years.

Melanoma & non-melanoma skin cancer (NMSC)
Among 15,401 patients treated with etanercept in controlled/open portions of clinical trials (rep 23,325 patient-years of therapy), the observed rate of melanoma was 0.043 cases/100 patient-years; among 3306 adult rheumatology (RA, PsA, AS) patients treated with etanercept in controlled trials (rep 2669 patient-years of therapy), the observed rate of NMSC was 0.41 cases/100 patient-years vs. 0.37 cases/100 patient-years.
	Lymphoma
In controlled & open-label portions of clinical trials, 5 patients of 5707 patients treated with infliximab vs. 0 of 1600 control patients, developed lymphoma.  RA: 2 lymphomas observed for rate 0.08 cases/100 patient-years (3x higher than general pop’n).

Hepatosplenic T-cell lymphoma (HSTCL), a rare type of T-cell lymphoma has been reported in patients with Crohn’s disease or ulcerative colitis. No reports in RA.

Other malignancies
During controlled trials for all FDA-approved indications, 14 pts diagnosed with malignancies among 4019 infliximab-treated vs. 1 among 1597 control patients; rate of 0.52/100 patient-years vs. 0.11/100 patient-years among control patients; most common were breast, colorectal and melanoma

Clin trial in patients with mod-severe COPD, more lung and head/neck malignancies noted; all pts were heavy smokers.
	Adult malignancies
In controlled portions of 32 trials for all FDA-approved indications, malignancies observed at rate 0.6 per 100 patient-yrs among 6694 adalimumab-treated pts vs. rate 0.5 per 100 patient-yrs among 3749 control patients.

Most frequently observed:  lymphoma, non-melanoma skin cancer, breast, colon, prostate, lung, melanoma.

NMSC
Controlled portions of 32 trials, rate of NMSC was 0.7 per 100 patient-yrs among adalimumab-treated pts vs. 0.2 per 100 patient-yrs among control patients.

Lymphoma/Leukemia
Controlled portions of 32 trials for all indications, 3 lymphomas reported among 6694 adalimumab-treated patients vs. 1 among 3749 control patients; in 45 global controlled/uncontrolled trials with median duration 0.6 years, rate of lymphoma 0.11 per 100 patient-yrs (3x rate in general population)
	A total of 3 cases of lymphoma were noted among 2367 patients treated for RA.  This is noted to be a 2-fold higher incidence than the general population.  


	Malignancies have been reported in children, adolescents and young adults; approx. half of the cases were lymphomas; they occurred after a median of 30 months (range, 1-84 months) after the first dose of anti-TNF therapy; most were receiving concomitant immunosuppression

Controlled portions of clinical trials of the Phase 2 RA trials and the phase 3 RA, PsA and AS trials, the incidence of lymphoma per 100 patient-years of follow-up was 0.21 in the combined golimumab group compared to 0 in the placebo group.

In the controlled and uncontrolled portions of these trials, 2347 patients with a median follow-up of 1.4 years, the incidence of lymphoma was 3.8-fold higher than the general population.

	AUTO-ANTIBODIES AND 
DRUG-INDUCED LUPUS
	In 2 RA studies, the percentage of patients who developed new positive ANA (titer > 1:40) was higher in etanercept-treated patients vs. placebo (11 vs. 5%); the percent of patients who developed new positive anti-double-strand DNA antibodies was higher in the etanercept-treated patients vs. placebo.
	ATTRACT  trial = 62% of infliximab-treated patients compared with 27% of placebo-treated patients developed positive ANA; 16% of infliximab patients compared with 0% on placebo developed anti-ds DNA antibodies. Lupus and lupus-like syndromes reported.


	12% rate of positive ANA compared with 7% placebo. 1 patient out of 2334 developed signs and symptoms of new-onset lupus-like syndrome that improved upon discontinuation of therapy.
	In patients with RA treated with certolizumab, 4 of 2367 patients developed signs suggestive of lupus-like syndrome.
	The development of auto-antibodies and rare cases of drug-induced lupus have been reported with golimumab therapy; in phase 3 controlled trials of patients with RA, PsA and AS, there was no association of golimumab therapy with the development of newly-positive anti-dsDNA antibodies

	IMMUNOGENICITY
	6% incidence to TNF receptor portion or other protein components. All were non-neutralizing.  Antibody development was not associated with clinical response or adverse events.
	10% incidence of human anti-chimeric antibodies.  Patients with positive test for antibodies have a 2-3 fold greater risk of experiencing an infusion-related reaction. Concurrent use of immunosuppressant agents reduces antibody formation and likelihood of an infusion reaction.
	5% (58/1062) of RA patients developed antibodies to adalimumab.  These were neutralizing in vitro.  Patients concomitantly receiving MTX had lower antibody development (1%) than adalimumab monotherapy (12%).  Antibody development was not correlated with adverse events. ACR response was lower in antibody –positive patients than antibody negative patients.
	7% (105 of 1509) of RA patients had antibodies to certolizumab detectable on at least one occasion.

Those treated with concomitant immunosuppressants (MTX) had a lower rate of antibody development that those without.
	Antibodies to golimumab were detected in 57 (4%) in the phase 3 RA, PsA and AS trials through week 24; those treated with MTX + golimumab had a lower proportion of antibodies than those treated without MTX ( 2 vs. 7%)
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	INJECTION-SITE OR INFUSION-RELATED REACTIONS
	37% of patients developed injection site reactions.  All injection site reactions were mild to moderate (erythema and/or itching, pain, or swelling) and generally did not necessitate drug discontinuation.  Occurred more frequently in the first month and subsequently decreased in frequency.  Mean duration = 3-5 days.  7% of patients experienced redness at a previous injection site when subsequent injections were given.  In post-marketing experience, injection site bleeding and bruising have also been observed.
	18% of patients treated with infliximab experienced an infusion-related reaction vs. 5% of placebo-treated patients; Of those who had a reaction during induction, 27% had reaction during maintenance period vs. 9% who did not have an induction reaction.

3% = non-specific symptoms such as fever or chills; 1% = cardiopulmonary reactions (primarily chest pain, hypotension, hypertension, or dyspnea); <1% = pruritis, urticaria, or the combined symptoms of pruritis/urticaria and cardiopulmonary reactions; <1% = serious infusion reactions (anaphylaxis, convulsions, erythematous rash, hypotension; 3% discontinued due to infusion related reactions and all recovered.  Infusions beyond initial infusion were not associated with a higher incidence of reactions.  Patients positive for antibodies to infliximab were 2-3 fold more likely to have an infusion reaction than were those who were negative. Use of concomitant immunosuppressant agents appeared to reduce the frequency of antibodies to infliximab and infusion reactions.
	8% out of 705 patients developed an injection site reaction (not including erythema and/or itching, hemorrhage, pain, or swelling.  12% out of 705 patients developed injection site pain.
	
	Among the phase 3 study population of RA, PsA and AS patients, 6% of golimumab-treated patients vs. 2% of control-treated patients experienced injection site reactions; most were mild; the most frequent effect was injection site erythema

	Hepatitis B Virus Reactivation
	Very rare (< 0.01%) cases of Hep B reactivation have been noted in patients treated with etanercept, in patients who are chronic carriers; Fatal cases have occurred; majority of cases occurred when patients had concomitant therapy with immune suppressants.

Patients at risk should be evaluated for evidence of HBV infection before starting anti-TNF therapy; exercise caution in patients identified as carriers of HBV.
	HBV reactivation can occur in patients who are chronic carriers; some fatal cases have been reported; majority of reports are with concomitant immune suppressants.
	HBV reactivation can occur in patients who are chronic carriers; some fatal cases have been reported; majority of reports are with concomitant immune suppressants.
	HBV reactivation can occur in patients who are chronic carriers; some fatal cases have been reported; majority of reports are with concomitant immune suppressants.
	














Appendix A.  Select Literature Summary
	Reference
	Design
	Inclusion Criteria
	Endpoint(s)
	Results - efficacy
	Results – safety, etc.

	Alonso-Ruiz A, et al., 200810

Tumor Necrosis Factor Alpha Drugs in Rheumatoid Arthritis: Systematic Review and Metaanalysis of Efficacy and Safety


	Systematic review
Meta-analysis
	RCT of infliximab (I), etanercept (E) or adalimumab (A) ; trial duration > 6 months; efficacy by ACR response
	P: ACR20, ACR50, ACR70
S: safety
	Trials published up to October 2006;
13 RCTs included (7087 pts):
4 Infliximab  (2581 pts);
4 Etanercept (1637 pts);
5 Adalimumab (2869 pts)

Efficacy of anti-TNF in pts with no prior MTX tx, relative ACR20 effect is small 1.10 (0.96-1.26); efficacy in pts with prior insufficient MTX responses, effect is larger 2.32 (1.99-2.72); NNT 4 (3-5).

Efficacy of anti-TNF + MTX vs. MTX alone in pts with insufficient responses to MTX: combined effect in ACR20 response of RR 2.60 (2.05-3.31), NNT 4 (3-4).

Efficacy of anti-TNF + MTX vs. MTX alone in pts no prior resistance to MTX: combined effect in ACR20 response of RR 1.15 (1.07-1.22), NNT 10 (7-10)
	No significant overall difference btw experimental & control groups, pooled RR 1.25 (0.65-2.39);

E pts less likely to withdraw due to AEs than control;
A and I pts more likely to withdraw due to AEs compared to control arms

More AEs in anti-TNF-treated patients vs. control RR 1.02 (1.00-1.04); p=0.021

I-treated pts had higher frequency of SAEs (p=0.048) and infections (p=0.004)

	Donahue KE, et al., 200811

Systematic Review: Comparative Effectiveness and Harms of Disease-Modifying Medications for Rheumatoid Arthritis

	Systematic review
	RCT, non-RCT, Meta-analysis, Observational trials included;
Agents: adalimumab (A), Infliximab (I), etanercept (E)

	P: ACR20, ACR50
S: safety
	Anti-TNF vs. Anti-TNF:
Similar ACR20 and ACR50 RR among Adalimumab, infliximab, Etanercept

Early RA, Similar response and QOL between A or E and MTX

In pts who failed initial RA tx, greater functional independence & remission for anti-TNF drugs than synthetic DMARDs

Better response from combo anti-TNF + MTX vs. anti-TNF alone

Similar response rates from anti-TNF + non-MTX DMARD vs. anti-TNF alone

Better RR from anti-TNF + MTX vs. MTX alone
	Diarrhea, headache, injection site rxn, nausea, rhinitis, upper RTI common among anti-TNF

AEs did not increase over time

Rates of serious infections similar for A, E and I

I might have ↑ risk granulomatous infection vs. E

↑ rate mouth ulcers & nausea in MTX vs. E pts

Combo w/anti-TNF + synthetic DMARD: ↑ infection & non-infectious AEs

Anti-TNF + MTX vs. MTX alone: no major diff in AEs except 1 trial found ↑ rate SAE with high dose I + MTX vs. MTX alone
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	Inclusion Criteria
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	Results - efficacy
	Results – safety, etc.

	Wiens A, et al., 201012

Meta-Analysis of the Efficacy and Safety of Adalimumab, Etanercept and Infliximab for the Treatment of Rheumatoid Arthritis

	Meta-analysis
	RCT comparing adalimumab (A), etanercept (E) or infliximab (I) at usual doses with placebo
	P: ACR20, ACR50, ACR70
S: safety
	21 studies included:
8 A +/- MTX vs. P +/- MTX
7 I + MTX vs. P + MTX
6 E +/- MTX vs. P +/- MTX

RR for ACR20, 50, 70 higher after 6 months with anti-TNFs vs. placebo; E had highest RR

After 1 yr, A and E had highest RR vs. placebo; I efficacy ↓ when used > 1 yr;
A had highest RR

E amd A both effective short-term (12-30 wks); A better for long-term (1-3 yrs)

Safety: I ↑ SAE, malignancy;
A ↑ serious infections, death;
E ↓ SAE, serious infections



	

	Hetland ML, et al., 2010 15

Direct Comparison of Treatment Responses, Remission Rates, and Drug Adherence in Patients with Rheumatoid Arthritis Treated With Adalimumab, Etanercept or Infliximab: Results from Eight Years of Surveillance of Clinical Practice in the Nationwide Danish DANBIO Registry

	Observational study
	Danish DANBIO registry data; pts that failed tx with > 1 conventional DMARD and initiated anti-TNF agents: adalimumab (A), etanercept (E), or infliximab (I)
	P: ACR70, EULAR good response, CDAI remission, DAS28 remission
	Between Oct 2000 – Dec 2007; 2326 pts w/RA started first anti-TNF tx with A, E or I 
675 A pts; median f/u 20 mos
517 E pts; median f/u 21 mos;
1134 I pts; median f/u 16 mos

ACR70 after 6 mos tx:
A vs. I: OR 2.05 (1.52-2.76)
E vs. I: OR 1.78 (1.28-2.50)
A vs. E: OR 1.15 (0.82-1.60)

Good EULAR response:
A vs. I: OR 2.10 (1.66-2.66)
E vs. I: OR 1.41 (1.09-1.84)
A vs. E:OR 1.49 (1.13-1.96)

DAS remission:
A vs. I: OR 1.78 (1.37-2.31)
E vs. I: OR 1.31 (0.97-1.77)
A vs. E: OR 1.36 (1.00-1.84)

	Drug adherence (drug survival rate) at 48 months:
A 52%
E 56%
I 41%
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	Devine EB, et al., 201116

Effectiveness of Biologic Therapies for Rheumatoid Arthritis: An Indirect Comparisons Approach

	Comparative Effectiveness Analysis (CEA) using indirect treatment comparisons
	RCTs of biologic DMARDs with or without nonbiologic DMARDs vs. placebo with/without nonbiologic DMARDs

Excluded studies where pts failed prior biologic DMARDs

Biologic DMARDs included abatacept, adalimumab, anakinra, certolizumab, etanercept, golimumab, infliximab, rituximab, tocilizumab
	P: ACR50
	Jan 1990-July 2010; 
23 articles (11,589 pts) included in 6-month analysis and 9 biologic DMARDs; 
10 articles (6051 pts) included in 12-month analysis and 6 biologic DMARDs

6-month analysis suggests:
All biologic DMARDs were more effective than placebo;
MTX was more effective than placebo; Ranked as follows:
Certolizumab (median log OR 2.6), tocilizumab (1.7), rituximab (1.6), infliximab (1.6), etanercept (1.4), adalimumab (1.4), golimumab (1.4), abatacept (1.2), anakinra (1.0)

12-month analysis suggests:  All biologic DMARDs were more effective than placebo, except for abatacept; Ranking:
Certolizumab (2.0), rituximab (2.0), adalimumab (1.4), infliximab (1.4), etanercept (0.9), abatacept (0.6)

Pts with longer disease duration noted greater improvement than early disease;

In pairwise comparisons, each class was more effective than MTX, but none was more effective than another.
	****

	Greenberg JD, et al., 201217


A Comparative Effectiveness Study of Adalimumab, Etanercept and Infliximab in Biologically Naïve and Switched Rheumatoid Arthritis Patients: Results from the US CORRONA Registry
	CEA; compare effectiveness of anti-TNF agents in naïve and switched RA pts
	RA patients enrolled in CORRONA registry: newly prescribed adalimumab (A), Etanercept (E) or infliximab (I)

CORRONA registry is an independent prospective observational cohort of pts with arthritis enrolled by US rheumatologists in academic and private settings
	P: effectiveness at 6, 12, 24 months; ACR response, DAS28, CDAI
	Data collection from 2002 – March 2008;
2242 pts newly prescribed:
1475 biologic naïve; 616 first switch to 2nd anti-TNF agent; 151 2nd switch to a 3rd anti-TNF agent

In biologic-naïve pts, similar response in ACR20, 50, 70 among all 3 anti-TNF agents; CDAI remission rates 15-16.6% at 6 months; 13-20% at 12 months; DAS28 23-27 % at 6 months; 28-32% at 12 mos; no diff in likelihood of achieving remission among agents; similar responses in first-time switchers; lower remission rates among switchers vs. bio-naïve pts.



	Persistence of tx to 12, 24 mos in bio-naïve pts:
I: 76 & 63%
E: 72 & 52%
A: 68 & 53%

Persistence rate lessened as pts switched

Discontinuation more likely with A or E vs. I
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	Harrison DJ, et al., 201018

Dosing Patterns & Costs of TNF Inhibitor Use for RA

	Retrospective claims review
	Adults with RA and > 2 claims for same anti-TNF agent in 12-mos period and > 18-mos continuous enrollment; drugs included etanercept, adalimumab and infliximab; anti-TNF switches were not included


PharMetrics Data includes medical/pharmaceutical claims > 90 health plans across US; includes inpatient/outpatient diagnoses

Rx records includes NDC, quantity dispensed
	
	Data from 1/1/2004 – 12/31/2005; using PharMetrics Database

845 treatment-naïve patients and 3783 continuing pts included

Dose increases from first to last rx in the following:
Infliximab: 26, 24%
Adalimumab: 10, 9%
Etanercept: 1, 3%

RA-related office visits in naïve pts:
Infliximab: 7.5 +/- 5.3
Adalimumab: 5.0 +/- 4.8
Etanercept: 4.5 +/- 3.6
	

	Moots RJ, et al., 201119

Differences in Biologic Dose-Escalation, Non-biologic and Steroid Intensification Among Three Anti-TNF Agents: Evidence from Clinical Practice

	Retrospective, observational, record review
	RA pts receiving continuous treatment with etanercept, adalimumab or infliximab x 18 months; dose escalation; DMARD/steroid intensification were evaluated
	P: proportion of pts requiring dose escalation at 12, 18 months and intensification of DMARD/steroid
	N = 739 pts
Etanercept (n=319);
Adalimumab (n=313);

At 12-mos, % change in dose from baseline is:
E 50%
A 101.5%
I 30.6%

At 18-mos, % change in dose from baseline is:
E 18.8%
A: 91.2%
I: 29.5%

↑ biologic dose + ↑ DMARD at 18 mos:
E 14%
A 23%
I 47%

↑ biologic or DMARD/steroid dose or addition of another DMARD/steroid at 18 mos:
E 19%
A 28%
I 47%
	

	O’Dell , et al., 2013 for the CSP511 RACAT Investigators9

Therapies for Active Rheumatoid Arthritis after Methotrexate Failure

Triple-Therapy = MTX, sulfasalazine, hydroxychloro-quine

E-MTX = etanercept-MTX
	Double-blind, 
non-inferiority 
	RA pts receiving stable doses of MTX for at least 12 weeks; DAS28 > 4.4;


	P: change in DAS28 at 48 weeks
	N=353 pts
E-MTX (n=175);
Triple Therapy (n=178)

P: At 48 wks, difference btw groups in mean change in DAS28 from baseline to 48 wks was 0.17 +/- 0.15

No diff btw 2 groups in ACR20 and ACR50 at either 24 or 48 wks

At 24 wks, E-MTX group had greater ACR70 response, but it was not different from TT at 48 wks

No sig differences btw groups in radiographic progression at 48 wks
	Frequency of AEs were similar btw both groups

TT had more GI disorders

E-MTX had more skin, subcutaneous disorders

E-MTX had more serious infections; one death resulted





Appendix B.	Summary of Trials Evaluating Use of Anti-TNF biologics in Early Rheumatoid Arthritis
	Author
	Design
	Treatment
	Population
	Key endpoints
	Results

	Enbrel ERA
Bathon, et al. 200021
	RCT
12, 24 months
	Etanercept (E) 10mg twice weekly vs.
Etanercept 25 mg twice weekly vs.
MTX PO (mean, 19 mg/wk)
	Dx RA < 3 yrs;
No prior MTX;
Rheum factor + or
> 3 bony erosions;
> 10 swollen joints;
> 12 painful joints;
ESR > 28 mm/hr or;
CRP > 2 mg/dL or AM stiffness > 45 min
	Overall response during first 6 months indicated by AUC for ACR20, 50, 70;
Change in Sharp scores over 12 months
	E groups noted improvement at wk 2;
ACR20, 50, 70 responses at 6 months were greater w/E than MTX, but were NS at 12 months; erosion scores increased significantly for MTX group at 6 and 12 months

	Enbrel ERA
Genovese, et al. 200222
	RCT
24 month 
	Etanercept (E) 10mg twice weekly vs.
Etanercept 25 mg twice weekly vs.
MTX PO (mean, 19 mg/wk)
	Dx RA < 3 yrs;
No prior MTX;
Rheum factor + or
> 3 bony erosions;
> 10 swollen joints;
> 12 painful joints;
ESR > 28 mm/hr or;
CRP > 2 mg/dL or AM stiffness > 45 min
	Overall response at 24 months indicated by AUC for ACR20, 50, 70;
Change in Sharp scores over 24 months
	

	ASPIRE
St. Clair, et al. 200423
	54 week
	Placebo + MTX vs.
Infliximab 3 mg/kg + MTX vs.
Infliximab 6 mg/kg + MTX
	Early RA;
N = 1049
	ACR-N at 54 weeks,
mTSS
	Combo therapy provides greater benefit

	BeSt
Goekoop-Ruiterman, et al. 200524
	2 year
	Sequential DMARD monotherapy vs. 
Step up combo vs.
Combo + HD pred vs.
Combo + infliximab
	Early RA;
N = 508
	DAS < 2.4,
HAQ,
mTSS
	Combo + HD pred or infliximab groups had early functional improvement & less radiographic damage at 1 year than others

	COMET
Emery, et al. 201025
	Randomized,
Double-blind
24 months
	EM x 1 yr, then EM x 1 yr (EM/EM) vs.
EM x 1 yr, then E (EM/E) vs.
MTX x 1 yr, then EM (M/EM) vs.
MTX x 1 yr, then M (M/M)
	Early RA (3-24 mos);
N = 398

	DAS28 at wk 104;
ACR20, 50, 70 at wk 104;
Δ mean DAS28 and 28-swollen-joint count from wk 52-104
	EM/EM, M/EM, M/M, EM/E
DAS28 greater in EM/EM and M/EM vs. M/M, but not EM/E;
ACR20 response:
86, 80, 81, 61%;
ACR50 response:
70, 64, 66, 46%;
ACR70 response:
57, 44, 48, 32%

	TEMPO
Van der Heijde, et al. 200726
	Double-blind,
3 year
	Etanercept vs.
MTX vs. 
Etanercept + MTX
	Early vs. late RA;
N = 682
	ACR-N at 24 weeks;
mTSS Δ from baseline at 52 weeks;
DAS, DAS28, mTSS at 3 years
	Combined treatment better than either monotherapy; radiographic outcomes better with combo

	PREMIER
Breedveld, et al. 200627
	Double-blind;
2 year
	Adalimumab vs.
MTX vs.
Adalimumab + MTX
	Early RA;
N = 799
	ACR50 at 1 year,
mTSS Δ from baseline at 1 year
	Combo treatment better than monotherapy in ACR50 and radiographic outcomes at 1 year

	HOPEFUL1
Takeuchi, et al. 201228
	Double-blind;
26 weeks
	Adalimumab (A) 40mg + MTX vs.
MTX alone
	Early RA (< 2 yrs);
N = 334
	Δ mTSS from baseline at wk 26
	AM vs. M
Combo inhibited radiographic progression better than MTX monotherapy 
ΔmTSS > 0.5:
62 vs. 35% (p<0.001);
ΔmTSS > 3:
14 vs. 37% (p<0.001);
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