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Executive Summary  

Certolizumab is a PEGylated recombinant, humanized antibody Fab’ fragment specific for human tumor necrosis factor alpha (TNFα) that is indicated for:

· Treatment of moderately to severely active Rheumatoid Arthritis (RA) 
· Treatment and maintenance of remission of moderate to severe active Crohn’s disease (CD) in adult patients who have an inadequate response to conventional therapy.1,2
Certolizumab is administered as a subcutaneous injection.  For RA the dose is initiated at 400 mg at weeks 0, 2 and 4.  Maintenance dose is 200 mg every other week. A more convenient dosing regimen of 400 mg every four weeks can be considered.  Certolizumab is the only pegylated TNF inhibitor.  Like golimumab, certolizumab can be dosed up to every 4 weeks in patients with RA.  For CD the drug is initiated as a loading dose of 400 mg at weeks 0, 2, and 4, then 400 mg every four weeks for maintenance.

Efficacy
Rheumatoid Arthritis.  Three Phase III trials were designed to evaluate the use of certolizumab in active rheumatoid arthritis: 
· RAPID 1 compared the combination of certolizumab and methotrexate (MTX) with MTX monotherapy in patients with active RA whose symptoms were inadequately controlled with MTX monotherapy.3 More patients in the combination treatment arms achieved the primary endpoint of ACR20 response rate at week 24 (NNT=2).  Modified total Sharp score (mTSS), physical function, Disease Activity Score 28 based on erythrocyte sedimentation rate (DAS28ESR), and Health Assessment Questionnaire-Disability Index (HAQ-DI) were also improved in patients who were randomized to the combination treatment arms.   

· RAPID 2 compared the combination of certolizumab and MTX with MTX monotherapy in patients with active RA whose symptoms were inadequately controlled with ≥ 6 months of treatment with MTX monotherapy.4  More patients in the combination arms achieved the primary endpoint of ACR20 response rate at week 24 (NNT=2).  Health related quality of life (HRQoL) and physical function, DAS28(ESR)4 were also improved in patients who were randomized to the combination treatment arm.

· FAST4WARD compared certolizumab with placebo in RA patients who failed at least one prior disease modifying antirheumatic drug (DMARD).5  More patients in the certolizumab treatment arm achieved the primary endpoint of ACR20 response rate at week 24 (NNT=3).  Secondary endpoints, including DAS28(ESR)3, health assessment questionnaire-disability index, improved in patients who were randomized to the certolizumab arm. 
Crohn’s Disease.  Two Phase III trials were designed to evaluate certolizumab in Crohn’s disease:

· PRECISE 1 evaluated clinical response and clinical remission with certolizumab versus placebo for induction and maintenance in patients with moderate to severe active CD.6 Compared with placebo, significantly more patients in the certolizumab group achieved the primary endpoints of clinical response (CDAI reduction of greater than or equal to 100 from baseline) after induction (week 6) (NNT=13, OR, 95% CI:  1.70, 1.03–2.80) and during maintenance at both weeks 6 and 26 (NNT=14).  However, in FDA statistical analyses, these results were not robust.7 There also were no significant treatment differences in remission rates in the baseline CRP ≥ 10 mg/L stratum and in the overall population.  
· PRECISE 2 evaluated certolizumab versus placebo as maintenance therapy in patients with moderate to severe active CD who responded at the induction phase.8  Significantly more patients in the certolizumab group achieved the primary endpoint of 26 week maintenance of clinical response (CDAI reduction of greater than or equal to 100 from baseline) than the placebo group (NNT=9).  In indirect comparisons, the FDA Summary Report showed that the effect size for clinical response in the controlled studies of certolizumab seem to be smaller than that of infliximab and comparable to the effect sizes of adalimumab and natalizumab.7 The effect for clinical remission seemed to be weaker than that of the other TNF inhibitors but similar to that of natalizumab.
Safety
· A Black Box Warning highlights the risk of serious infections related to certolizumab.  These infections include tuberculosis (TB), bacterial sepsis, invasive fungal and, other opportunistic infections.

· The manufacturer recommends that patients be tested for latent TB prior to starting therapy with certolizumab.

· Certolizumab, like other TNF inhibitors, has safety considerations concerning the risk for malignancies, heart failure, hypersensitivity reactions, hepatitis B virus reactivation, neurologic reactions, and hematologic reactions (aplastic anemia).  

Conclusions

Certolizumab was approved by the FDA for rheumatoid arthritis in May 2009.  The use of certolizumab monotherapy or in combination with methotrexate appears to be effective for the treatment of rheumatoid arthritis.  Published phase III trials that included patient reported outcomes such as HRQoL and HAQ-DI as well as clinical radiographic results show that certolizumab appears to be favorable over placebo.  UCB Inc. is currently conducting long-term, open-label trials to evaluate the efficacy of certolizumab in patients with rheumatoid arthritis.  However, there are no long term data beyond 52 weeks published.  And, there is no head-to-head data that compares certolizumab to other TNF inhibitors for the treatment of rheumatoid arthritis.  Structurally, certolizumab differs from other TNF inhibitors in that it lacks the Fc portion of the antibody and the Fab’ portion is bound to PEG.  Potential benefits of this technology include less immunogenicity and longer half-life9.  A less immunogenic product may mean that less neutralizing antibodies will develop and therefore not require more frequent dosing.  This has yet to be confirmed in clinical trials.  Like golimumab, certolizumab can be dosed monthly, although two of the three Phase III trials did not dose in this fashion.  Unlike infliximab which requires an intravenous infusion, patients can self-administer certolizumab which is more convenient and potentially result in less infusion related reactions.  It is available as a pre-filled syringe that is ergonomically designed.  However, patients who need 400mg will require two injections as the drug is commercially packaged as 200mg/syringe.   Further studies are need for dosing adjustment in patients who develop antibodies to certolizumab.

Certolizumab was approved by the FDA for Crohn’s disease in April 2008. Certolizumab provided modest benefit in the rates of response at week 6 and at both weeks 6 and 26 as compared with placebo in patients with moderate to severe active Crohn’s disease who were receiving conventional immunosuppressive treatments, regardless of baseline CRP level. However, FDA Clinical and Statistical Reviewers noted that the findings were not statistically robust. Long-term durability of effect beyond 30 months has not been evaluated. There are currently two other TNF inhibitors approved for Crohn’s disease, adalimumab and infliximab, for which more long-term clinical experience exists. Potential advantages of certolizumab over infliximab include self administration through its subcutaneous injection.  Infusion reactions also are more likely to occur with infliximab which can only be administered intravenously. The certolizumab PEGylation allows less frequent administration compared to adalimumab.  Natalizumab, an alpha 4 integrin antagonist, also has an indication for Crohn’s in patients who fail or are intolerant to conventional therapy and TNF inhibitors. There are information gaps about safety and efficacy with long-term use, in patients who are refractory to conventional therapies, in patients with fistulizing CD, and in patients with anti-certolizumab antibodies. Further studies on the need for dosing adjustment in patients with antibodies are needed.
Patients may fail to respond or lose their response to the first TNF inhibitor they use in CD.  Interim results from two ongoing trials (reported in abstracts only) are inadequate to assess whether certolizumab could become an option for re-induction in patients who previously failed other TNF inhibitors for Crohn's disease. 

No head to head trials have been completed to determine relative efficacy of certolizumab to other TNF inhibitors.  The Cochrane review and FDA summary review suggest that certolizumab is similar in induction efficacy to adalimumab and natalizumab, and inferior to infliximab and adalimumab but similar to natalizumab in remission efficacy for CD. The overall short-term safety profile seems to be similar to those of other available TNF inhibitors approved in Crohn’s; however, there is less long-term safety experience with certolizumab. Interim results of studies in patients who have failed prior TNF agents are not conclusive at this time.    

It is important to screen all patients who are at risk for TB, infections, and malignancies prior to initiating certolizumab.


Introduction

Certolizumab pegol is the fifth TNF inhibitor approved by FDA for rheumatoid arthritis and the third approved for Crohn’s disease (CD). It is the only TNF inhibitor that uses PEGylated technology.  Certolizumab has also been approved for CD in Switzerland (09/2007).7 The European Medicines Agency (EMEA) had a negative opinion on certolizumab pegol for CD and refused to grant marketing authorization for it in May 2008 because of concerns about insufficient evidence of efficacy (i.e., effectiveness was marginal and too low to be relevant) and the short duration of the maintenance study.7  
FDA’s consideration for approval of certolizumab for Crohn’s disease was contentious among Clinical Reviewers.7 Two FDA Clinical Reviewers, on the initial and second review cycles, recommended not approving certolizumab for Crohn’s disease for reasons similar to those of the EMEA (weak evidence of efficacy and small effect size in inducing clinical response).  In addition, they were concerned that instructions for maintenance therapy may be inadequate if the agent was not recommendable for active disease.  Furthermore, the risk–benefits of therapy may not be acceptable if induction efficacy was inadequate.  A third Clinical Reviewer did not agree that these concerns necessarily led to a decision of non-approval, since both of the other reviewers concluded that the primary efficacy analyses could be accepted, and because approval should not be based on benefits and safety relative to competitor agents.  The third reviewer concluded that the standards for evidence that were agreed upon between FDA and the sponsor had been met, and there was definite evidence of certolizumab activity in treating Crohn’s disease.
The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating certolizumab for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.
Pharmacology/Pharmacokinetics1,2
Certolizumab is a recombinant, humanized antibody Fab’ fragment that is specific for human tumor necrosis factor alpha (TNFα).  The Fab’ fragment is manufactured in Escherichia coli that is purified and conjugated to a 40 kDa polyethylene glycol (PEG), which is used to generate certolizumab pegol.  Polyethylene glycol (PEG) is a nontoxic, nonimmunogenic polymer approved by the US Food and Drug Administration for use in foods, cosmetics, and pharmaceuticals.  Conjugating certolizumab to PEG increases hydration and mobility in solution.  This PEGylation allows protection against enzymatic degradation and slower renal filtration which allows certolizumab to have an extended drug half-life and reduced dosing frequency.  
Theoretically, there is a lower risk of allergic reactions and developing neutralizing antibodies because certolizumab is humanized and pegylated.9  The mechanism of action decreases the risk of “dose creep” where patients would need increased dose, or decreased dosing interval in order to maintain clinical efficacy.  In a phase II study, antibodies were not detected following the first dose of certolizumab.  However, antibodies were detected following a second dose in all treatment groups (1mg/kg, 5mg/kg, and 20mg/kg).  

Unlike the other TNF inhibitors certolizumab does not contain the Fc portion of the antibody which includes functions such as complement binding and cell lysis.  It is postulated that because of this certolizumab may render a safer profile.9  
TNFα stimulates the production of downstream inflammatory mediators, including interleukin (IL)-1β, prostaglandins, platelet-activating factor, and nitric oxide.  Patients with RA have an increased level of TNFα, which plays a role in joint destruction. 

Table 1: Pharmacokinetics of certolizumab
	Parameter
	

	Metabolism
	Not studied in humans

	Elimination
	Urinary excretion (based on animal studies)

	Half-life
	14 days

	Protein Binding
	Binds to TNFα

	Bioavailability
	80% (range: 76% – 88%) with subcutaneous injection

	Tmax
	54 – 171 hours

	Vss
	6.4 L


The FDA Clinical Reviewer noted that 8% of CD patients exposed to certolizumab (Studies 031 and 032) developed anti-certolizumab antibodies, 80% of which were neutralizing in vitro.  Formation of antibodies was lower in patients receiving other immunosuppressants.  Clearance of certolizumab is increased 3.6-fold in the presence of antibodies.  Although the Reviewer suggested dose adjustment in antibody-positive patients, the prescribing information does not recommend such dose adjustments.7
FDA Approved Indication(s) and Off-label Uses

1. Treatment of adults with active Rheumatoid Arthritis 
2. Reducing signs and symptoms of Crohn’s disease and maintaining clinical response in adult patients with moderately to severely active Crohn’s disease who have had an inadequate response to conventional therapy
Potential off-label use may include

1. Psoriasis plaque (ongoing clinical investigations)
2. Psoriatic arthritis 

3. Ankylosing Spondylitis
Current VA National Nonformulary Alternatives for Rheumatoid Arthritis:
	Abatacept (Orencia)
	Nonformulary with criteria

	Adalimumab (Humira)
	Nonformulary with criteria

	Anakinra (Kineret)
	Nonformulary with criteria

	Etanercept (Enbrel)
	Nonformulary with criteria

	Infliximab (Remicade)
	Nonformulary with criteria

	Rituximab (Rituxan)
	Nonformulary with criteria

	Golimumab (Simponi)
	Nonformulary 


Current VA National Nonformulary Alternatives for Crohn’s Disease

Infliximab (Remicade)
Nonformulary 

Adalimumab (Humira) 
Nonformulary 

Natalizumab (Tysabri)
Nonformulary 

Dosage and Administration1,2 

Rheumatoid Arthritis: The initial treatment dose is 400mg (given as two subcutaneous injections of 200 mg) at weeks 0, 2, and 4.  Maintenance therapy dose is 200mg every two weeks.  For purposes of convenience a maintenance regimen of 400mg every four weeks can be considered. 

Crohn’s disease: The recommended dosing for certolizumab for the treatment of Crohn’s Disease is 400mg (given as two subcutaneous injections of 200mg) at weeks 0, 2, and 4.  Patients who obtain a clinical response may receive a recommended maintenance dose of 400mg subcutaneously every 4 weeks.  

If certolizumab 400mg is prescribed, two separate injections of 200 mg should be given subcutaneously in different sites in the abdomen or thigh.
Certolizumab should be at room temperature before injecting.

Certolizumab is available as a kit that contains two pre-filled syringes with fixed 25 and ½ gauge thin-wall needles.  Each pre-filled syringe contains 200 mg/mL solution for subcutaneous administration.  The syringe has been designed in partnership with OXO Good GripsTM for ease of use in patients with limited dexterity.  Patients may self-inject the pre-filled syringe.  The pre-filled syringe should be allowed to sit at room temperature for 30 minutes prior to injection.  
Certolizumab is also available as a lyophilized powder for reconstitution that yields 200 mg/mL after reconstitution.  The lyophilized powder should be administered by a health care professional. Each vial is to be reconstituted with 1 mL of sterile water using a 20 gauge needle and swirled gently to mix the contents; the vial should not be shaken.  Leave the vials undisturbed until the contents are fully mixed (can take up to 30 minutes).  Once the dose has been drawn into a syringe a 23 gauge needle should be placed on the syringe prior to administration.   Reconstituted certolizumab is stable at room temperature for 2 hours.
Prior to injection, the drug should be visually inspected for particles or discoloration.  Certolizumab should appear clear to pale yellow.  The medication should not be used if the solution is cloudy or if foreign particulate matter is present.  Throw out any unused portion since certolizumab does not contain any preservatives.  Both forms of certolizumab should be refrigerated at 36o F-46o F (2oC-8o C) and protected from light.
As a risk mitigation strategy, a Medication Guide on certolizumab should be provided to patients.
Dosing in Renal Impairment: Not studied. PEG elimination is expected to be dependent on renal function, but certolizumab has not been assessed in renal impairment. 
Efficacy 

Efficacy Measures in Rheumatoid Arthritis
The primary measurement used to define efficacy in rheumatoid arthritis is the American College of Rheumatology (ACR) 20% improvement criteria.10  The ACR20 is defined as the following:

1.  At least 20% improvement in tender joint count

2.  At least 20% improvement in swollen joint count

3.  At least 20% improvement in 3 of 5 ACR-core set measures:

· Patient global assessment

· Physician global assessment (horizon visual analog scale or Likert scale)

· Patient pain assessment

· Patient self-assessed disability (disability index of the Health Assessment Questionnaire [HAQ-DI])

· Acute phase reactant (erythrocyte sedimentation rate or C-reactive protein level)

The total modified Sharp score assesses radiographic changes in bone erosion and joint-space narrowing, and ranges from 0 to 398.  The erosion score is based on 46 joints and has a range of 0 to 230.  The joint space narrowing score is based on 42 joints and has a range of 0 to 168.  A higher score indicates a more progressive disease whereas a score of 0 indicates no disease progression.11
The Health Assessment Questionnaire-Disability Index (HAQ-DI) is a patient reported outcome measure that assesses a patient’s ability to function in daily activities of living over the past week.12  Patients are asked to describe their ability to perform in 8 categories that represent a comprehensive set of functional activities (dressing and grooming, rising, eating, walking, hygiene, reach, grip, and common daily activities),  Responses are scaled from zero (no disability) to three (completely disabled).  A HAQ-DI score of 0-1 are considered mild to moderate difficulty, 1-2 as moderate to severe disability, and 2-3 as severe to very severe disability. 
The Disease Activity Score 28 (DAS28) measures disease activity in RA that includes the following parameters:13 
· Number of joints tender to the touch (TEN)

· Number of swollen joints (SW)

· Erythrocyte sedimentation rate (ESR)

· Patient assessment of disease activity (VAS;mm) 
A complex mathematic formula is used to calculate the score, which ranges from 0 to 10 indicating the current rheumatoid arthritis activity.  A DAS28 score above 5.1 indicates high disease activity, below 3.2 indicates low disease activity, and lower than 2.6 indicates remission.
Summary of efficacy findings in rheumatoid arthritis

Certolizumab has been compared to placebo in 1821 patients with moderately to severely active rheumatoid arthritis in three multicenter, double-blind, randomized controlled trials (RCTs), RAPID 1, RAPID 2, and FAST4WARD.  Outcomes of efficacy, defined as achieving ACR20 response rate at week 24, and safety were evaluated.  

RAPID 1 compared the combination of MTX and certolizumab to MTX monotherapy in TNF-inhibitor naïve patients with active, uncontrolled RA despite treatment with MTX monotherapy.3  Primary efficacy outcomes included ACR20 response rate at week 24 and total modified Sharp score at week 52.
· At week 24: ACR20 response rate was higher in the combination group compared to placebo.  Results from the open-label extension of RAPID 1 trial showed that patients who received combination treatment sustained ACR20 response rate at week 100 (unpublished data).  Additionally, there was no statistically significant difference in efficacy between certolizumab 200mg + MTX and certolizumab 400mg + MTX (p-value was not provided). 

· Certolizumab 200mg + MTX (n=393): 58.8% (p < 0.001 vs. placebo)
· Certolizumab 400mg + MTX (n=390): 60.8% (p < 0.001 vs. placebo)
· Placebo + MTX (n=199): 13.6%
· At week 52: There was a smaller mean change from baseline in the modified total Sharp score in patients who received combination treatment compared to MTX monotherapy, which indicates less bone erosion and joint-space narrowing
· Certolizumab 200mg + MTX (n=393): 0.4 Sharp units (p<0.001 by rank analysis vs. placebo)

· Certolizumab 400mg + MTX (n=390): 0.2 Sharp units(p<0.001 by rank analysis vs. placebo)
· Placebo + MTX (n=199): 2.8 Sharp units
· At week 52: Secondary outcomes of ACR50 and ACR70 response rates were higher in patients who received combination treatment compared to MTX monotherapy (p < 0.001).

· Physical function as determined by the mean change from baseline HAQ-DI score improved in patients in the combination treatment arms 

· Certolizumab 200mg + MTX (n=393): -0.60 (p<0.001 vs. placebo)
· Certolizumab 400mg + MTX (n=390): -0.63 (p<0.001 vs. placebo)

· Placebo + MTX (n=199): -0.18

· Adverse effects: The overall rate of adverse events per 100 patient-years

· Certolizumab 200mg + MTX: 96.6

· Certolizumab 400mg + MTX: 94.6

· Placebo + MTX: 125.9

· The most common non-infectious adverse effects include: Headache, hypertension, and back pain.
· The most commonly reported infectious adverse effects include urinary tract infection, nasopharyngitis, and upper respiratory tract infections.  

RAPID 2 compared the combination of MTX and certolizumab to MTX monotherapy in TNF inhibitor naïve patients with active, uncontrolled RA despite treatment MTX monotherapy ≥ 6 months.4  Primary efficacy outcome included ACR20 response rate at week 24.
· At week 24: ACR20 response rate was higher in patients who received combination treatment compared to MTX monotherapy.  The results were consistent with ACR50 and ACR70 at week 24 (p ≤ 0.01).
· Certolizumab 200mg + MTX (n=246): 57.3% [p<0.001 vs. placebo; OR=14.1 (95%CI = 6.7-31.0)]
· Certolizumab 400mg + MTX (n=246): 57.6% [p<0.001 vs. placebo; OR=14.3 (95%CI = 6.7-30.8)

· Placebo + MTX (n=127): 8.7%

· At week 24: DAS28(ESR) remission, defined as DAS28 < 2.6, was higher in patients who received combination treatment compared to MTX monotherapy 

· Certolizumab 200mg + MTX (n=246): 9.4% (p≤0.05 vs. placebo)

· Certolizumab 400mg + MTX (n=246): 8.5% (p≤0.05 vs. placebo)

· Placebo + MTX (n=127): 0.8%  

· At week 24: Physical function, as evidenced by the mean change in the HAQ-DI score, improved in patients who received combination treatment compared to MTX monotherapy 

· Certolizumab 200mg + MTX (n=246): -0.5 (p<0.001 vs. placebo)

· Certolizumab 400mg + MTX (n=246): -0.5 (p<0.001 vs. placebo)

· Placebo + MTX (n=127): -0.14

· At week 24: Mean changes from baseline in modified total Sharp score were less in patients who received combination treatment compared to MTX monotherapy

· Certolizumab 200mg + MTX: 0.2 (95% CI = -0.1 to 0.6)

· Certolizumab 400mg + MTX: -0.4 (95% CI = -0.7 to -0.1)

· Placebo + MTX: 1.2 (95% CI = 0.5 to 2)

· Adverse effects occurred more often in certolizumab 200mg + MTX (56% compared with 52.8% in placebo and 50.8% in certolizumab 400mg + MTX); most of these effects were of mild to moderate severity.  Adverse effects that occurred in > 5% of patients include urinary tract infection, upper respiratory tract infection, headache, bacteriuria, nasopharyngitis, rheumatoid arthritis, and hypertension.  
FAST4WARD compared certolizumab 400mg every 4 weeks to placebo in patients with RA who failed at least one DMARD. 5  Primary efficacy outcome included ACR 20 response rate at week 24.  Other outcomes included ACR50 and ACR70 response rates at week 24, and adverse effects.  

· At week 24: ACR20 response rate was higher in patients who received certolizumab 400mg (45.5% vs. 9.3%; p < 0.001).  

· At week 24: Secondary endpoints of ACR50 and ACR70 were superior to placebo

· ACR50: Certolizumab 22.7% vs. 3.7% (p<0.001)

· ACR70: Certolizumab 5.5% vs. 0% (p≤0.05)

· At week 24: Patient-reported outcomes were better in the certolizumab arm 

· Physical function (HAQ-DI minimal clinically important differences), defined as a decrease of ≥ 0.22 points from baseline in the HAQ-DI: More patients in the certolizumab arm reported physical function improvement (49% vs. 12%; p < 0.001)

· Arthritis pain (visual analog scale): More patients in the certolizumab arm reported arthritis pain reduction (47% vs. 17%; p < 0.001)

· Health-related quality of life based on SF-36, Physical and Mental Component Summary (data not provided)

· Fatigue (Fatigue Assessment Scale minimal clinically important differences), defined as ≥ 1 point decrease from baseline: More patients in the certolizumab arm reported fatigue improvement (46% vs. 17%; p < 0.001)
· Adverse effects that occurred ≥ 5% of patients include headache, nasopharyngitis, upper respiratory tract infection, diarrhea, and sinusitis.  
Study 014 compared the combination of MTX and certolizumab 400mg to MTX monotherapy in patients who were partial responders to MTX monotherapy.2  Primary efficacy outcome included ACR20 response rate at week 24.  Note that this study is neither published nor peer-reviewed. 
· At week 24: ACR20 response rate was higher in patients who received combination treatment (p-value unavailable)

· Certolizumab + MTX: 45.9%

· Placebo + MTX: 22.7% 

· Adverse effects were higher in patients who received combination treatment compared to placebo (78.2% vs. 69.7%).  Adverse effects that were reported in ≥ 5% of patients include fatigue, back pain, headache, and nasopharyngitis. 
For further information on the Phase 3 certolizumab clinical trials see Appendix 1.

Efficacy Measures in Crohn’s Disease

The primary measurement used to define efficacy in Crohn’s Disease is a Crohn’s Disease Activity Index (CDAI) reduction of greater than or equal to 100 from the baseline score.  The CDAI is a tool used to quantify the symptoms of patients with Crohn’s Disease.14  There are eight variables, each given its own weight, that are summed for the CDAI score.  

 The eight variables of the CDAI are: 

· number of liquid or soft stools each day for seven days, 

· abdominal pain (graded 0-3 on severity) each day for seven days, 

· general well-being subjectively assessed from 0 (well) to 4 (terrible) each day for seven days, 

· presence of complications (arthritis or arthralgia, iritis or uveitis, erythema nodosum or pyoderma gangrenosum or aphthous stomatitis, anal fissure or fistula or abscess, other fistula, fever over 100 F),

· use of diphenoxylate/atropine, loperamide, or opiates for diarrhea,

· presence of an abdominal mass (0 as none, 2 as questionable, 5 as definite), 

· hematocrit of <0.47 in men and <0.42 in women, and 

· percentage deviation from standard weight {(1-weight/standard weight) x 100}  

CDAI has a scale of 0 to 600, higher values indicating more severe disease symptoms.  CDAI values of 150 and below are associated with symptomatic remission, values from 150 to 220 are associated with mild to moderate disease, above 220 through 450 are associated with moderate to severe disease, and values above 450 are associated with severe, fulminant disease.  Remission of Crohn’s disease is defined as a decrease in the CDAI to 150 or below.  Most major research studies on medications in Crohn’s disease define response as a CDAI score reduction of greater than or equal to 70 points; a reduction of greater than or equal to 100 points is also used.     

The Harvey and Bradshaw Index (HBI) is another evaluation tool that is based on a one day assessment and closely resembles the CDAI, it excludes body weight, hematocrit, antidiarrheal agent use, and weights given to the variables.15  The HBI value is a sum of liquid stools, abdominal pain rating, general well-being, and extraintestinal features, and abdominal mass. A HBI score of < 5 is considered remission, 5-7 as mildly active disease, 8-16 as moderately active disease, and >16 as severely active disease.  

The Inflammatory Bowel Disease Questionnaire (IBDQ) is also used as an efficacy measurement for Crohn’s disease to reflect health related quality of life.16  It consists of 32 questions that cover four domains: bowel symptoms, systemic systems, emotional function, and social function. Scores range from 32 to 224, with a higher score indicating a better quality of life.  A response is defined as an increase of at least 16 points in the total score compared to the baseline score (or other time-point identified by the investigators).   

Summary of efficacy findings in Crohn’s disease 

Certolizumab has been compared to placebo in 1090 patients with moderate to severe active Crohn’s disease in two multinational, multicenter, double-blind, randomized controlled trials (RCTs), PRECISE 1 (Study 031) and PRECISE 2 (Study 032).  Outcomes of efficacy, including clinical response (as defined as a reduction of at least 100 from the baseline score on the CDAI) and clinical remission (defined by a total CDAI score of <150), as well as safety were evaluated.
· In phase 3 trials, the patients were stratified according to C-reactive protein (CRP) levels of 10 mg/L or higher because phase 2 trials showed CRP levels greater than 10 mediated a better response.  The phase 3 trials showed that CRP stratification did not affect the response and remission rates.  Presented below are the primary endpoints of the stratified groups and the intention to treat populations.   
· PRECISE 1 evaluated the effect of baseline CRP levels on clinical response and clinical remission after induction dosing (week 6) and as maintenance (week 6 and week 26)6
·  Percentage of patients who achieved clinical response in stratum with an increased baseline CRP level (>10 mg/L) (Co-primary Efficacy Measures):

· At Week 6 (induction phase): 54/145 (37%)  certolizumab vs. 40/154 (26%) placebo (P=0.037; Odds Ratio, OR, 95% CI:  1.70, 1.03–2.80) 
· At both Weeks 6 and 26, maintenance phase: 31/144 (22%) certolizumab vs. 19/154 (12%) placebo (P=0.045) 

· The FDA Statistical Reviewer noted that the results showed a small treatment effect for induction response at Week 6 (ranging from 4.0% to 11.4% depending on which analysis was performed, with corresponding p-values ranging from 0.037 to 0.547).7 The Reviewer concluded that the results were marginally significant and sensitive to data assumptions. The p-values could become nonsignificant (i.e., exceed 0.05) with reclassification (because of discrepancies in clinical response) of just two placebo patients. High percentages (59/302, 19.5%) of CDAIs were imputed. Thus, although the results can be considered statistically significant, they were not robust.

·  Percentage of patients who achieved clinical response in the intention to treat population: 

· At Week 6: 115/327 (35%) certolizumab vs. 87/325 (27%) placebo (P=0.02; OR 1.51, 1.08–2.11) 
· At both Weeks 6 and 26: 75/325 (23%) certolizumab vs. 52/325 (16%) placebo  (P=0.02) 
· Secondary Efficacy Measures:  There was no significant treatment difference in terms of remission rates at week 6 and at both weeks 6 and 26 for both the subgroup with increased CRP at baseline and the ITT population. 

PRECISE 2 was a randomized treatment-withdrawal study that evaluated the effect of certolizumab as maintenance therapy (over 16 weeks, from Week 8 to Week 24) in patients who responded during the induction phase.8 The primary endpoint was the percentage of subjects with clinical response (a decrease in CDAI score of >100 points from baseline) at week 26 in the stratum defined by CRP >10 mg/L at baseline.  All patients received three doses of certolizumab 400 mg (at Weeks 0, 2, and 4).

·  At week 6, 428 of 668 patients (64%) had a clinical response and were then randomized to receive either certolizumab 400 mg or placebo every 4 weeks as maintenance therapy. Nonresponders were withdrawn from the study. Three randomized responders were not included in the ITT analysis because they did not receive study treatment.
·  At week 26, of those with a baseline CRP > 10 mg/L, clinical response occurred in 69/112 (62%) of patients in the certolizumab group vs. 34/101 (34%) in the placebo group (p<0.001). 
· In the overall patient population, clinical response was 63% for certolizumab vs. 36% for placebo (P=0.001). There was a significant difference between groups (ITT) at week 26 in terms of remission: 48% of patients in the certolizumab group vs. 29% of patients in the placebo group (p<0.001). However, in FDA sensitivity analyses, the clinical response rates for U.S. subjects were similar between treatment groups; significant treatment differences were primarily seen in non-U.S. countries.
· A planned subgroup analysis of patients who previously received infliximab showed a significant difference between the certolizumab and placebo groups: 23/52 (44%) vs. 13/51 (23%), respectively, P<0.001

· The authors of PRECISE 1 note that placebo response among patients with Crohn’s disease has a wide variation.  This variation was postulated as a reason why there are such differences between clinical responses in PRECISE 1 and 2.  

For further details on the efficacy results of the Crohn’s Phase 3 clinical trials, refer to Appendix 2.
Long-term safety and efficacy is on-going in the open-label extension studies, PRECISE 3 and 4.  Interim findings from abstracts are presented below.

· PRECISE 3 is an open-label, extension study of patients who completed PRECISE 1 or 2.17  An interim analysis of up to 18 months of certolizumab pegol use showed that greater than 80% of patients achieved a clinically meaningful response (HBI reduction of at least 3 points) and 75% of patients achieved clinical remission (HBI score of < 4).  Up to 30 months of therapy shows that 72% of the patients at remission at month 18 were also in remission at month 30.  

· PRECISE 4 is an open-label, extension study of patients who failed induction in PRECISE 1 or 2 and received re-induction and maintenance therapy.18 Data up to 52 weeks shows that patients who received certolizumab during the re-induction can respond and achieve clinical remission.  It appears that at week 4 clinical response is at its peak, then response trends show a decrease at weeks 24 and 52 (no statistical analyses were done).  For remission there is a trend for peaks to occur at week 4 and sustained remission through week 54 (no statistical analyses were done).    

· PRECISE 3 and 4 trials show no new safety indicators. Abdominal pain, nasopharyngitis, and headache were the most common noted adverse events. 

The WELCOME study, a phase 3b, multi-center trial of 6 week open-label induction followed by double blind randomization to maintenance of either 400 mg every 2 weeks or every 4 weeks for week 24 was also completed in patients who failed on infliximab.19- 21 Data presented in abstract form only.
· Similar clinical responses were found for CDAI > 100 and >70 point decreases, 36.6% at q2week vs. 39.9% q4week and 41% q2week vs. 42.9% q4week, respectively.

· Clinical remission (CDAI score <150, 30.4% vs. 29.2%) was demonstrated between the two dosing regimens.  

Summary Reviews

· A 2008 Cochrane review on TNF inhibitors used for Crohn’s disease found that patients who respond during the induction phase are likely to maintain a response for the TNF inhibitor agents, infliximab, adalimumab, and certolizumab.22 Reported side effects such as headache, abdominal pain, nausea, and pain at injection site were common for all TNF inhibitor agents.  The Cochrane authors recommended that the potential for serious side effects like tuberculosis and cancer should be weighed against the clinical benefits.  
· The FDA summary review of certolizumab made prior to FDA approval for Crohn’s disease provides  exploratory analyses for week 4 clinical response rates using a >70 point decrease in CDAI.7 The effect size for clinical response in the controlled studies of certolizumab was stated as comparable to the effect sizes of adalimumab and natalizumab. The effect for clinical remission was stated as weaker than that of the other TNF inhibitors but similar to that of natalizumab. See below for the FDA summary review tables for these week 4 endpoints.  

Table 2. Week 4 Clinical Response rates (>70 point decrease in CDAI)

	
	Rate for active drug
	Rate for placebo
	Difference
	Odds ratio

	P-value

	Infliximab, 5 mg dose group
	81%
	17%
	65%
	22
	<0.001

	Infliximab, all doses (5, 10, 20 mg)
	65%
	17%
	48%
	9.3
	<0.001

	Adalimumab, study 1 labeled induction dose
	58%
	36%
	22%
	2.4
	0.007

	Adalimumab, study 2
	52%
	34%
	18%
	2.1
	<0.001

	Natalizumab confirmation study (↑ CRP)
	51%
	37%
	15%
	1.8
	0.001

	Certolizumab, CRP ≥ 10mg/L
	50%
	31%
	19%
	2.3
	<0.001

	Certolizumab, All patients
	44%
	34%
	10%
	1.5
	0.011

	Certolizumab, open label, CRP ≥10mg/L

(95% CI)
	83%

(78%, 88%)
	
	
	
	

	Certolizumab, open label, All patients (95% CI)
	80%

(76%, 84%)
	
	
	
	


Table 3. Week 4 Clinical Remission Rates (CDAI score <150)

	
	Rate for active drug
	Rate for placebo
	Difference
	Odds ratio
	P

	Infliximab, 5 mg dose group
	48%
	4%
	44%
	21
	<0.001

	Infliximab, all doses (5, 10, 20 mg)
	33%
	4%
	28%
	11
	0.006

	Adalimumab, study 1 labeled induction dose
	36%
	12%
	24%
	4.0
	0.001

	Adalimumab, study 2
	21%
	7%
	14%
	3.5
	<0.001

	Natalizumab confirmation study (↑ CRP)
	24%
	16%
	8%
	1.8
	0.009

	Certolizumab, CRP ≥ 10mg/L
	20%
	10%
	10%
	2.3
	0.018

	Certolizumab, All patients
	19%
	11%
	8%
	1.9
	0.006

	Certolizumab, open label, CRP ≥ 10mg/L (95% CI)
	44%

(37%, 51%)
	
	
	
	

	Certolizumab, open label, All patients (95% CI)
	43%

(38%, 48%)
	
	
	
	


Quality of Life Clinical trials
· Health related quality of life of certolizumab was evaluated in patients in the PRECISE 2 trial.24  
· Patients in the certolizumab group reported clinically meaningful improvement in the Inflammatory Bowel Disease Questionnaire (60 vs. 43%, P<0.001), the Short-Form 36-Item Health Survey Physical (51 vs. 34%, P<0.001) and Mental Component Summary (44 vs. 32%, P=0.016) than those receiving placebo.  
· There was also a significantly greater gain in QALYs for certolizumab against placebo (mean + s.d. of 0.25 + 0.10 and 0.21 + 0.11; P=0.001) 
Other Potential Indications
A phase II trial evaluated he safety and efficacy of certolizumab in moderate to severe chronic plaque psoriasis.25  Doses of  200 and 400 mg certolizumab every 2 weeks in patients with plaque psoriasis showed statistically significant efficacy  over placebo (presented in abstract only).   
Adverse Events (Safety Data)
Current exposure data was not available.  In an FDA safety analysis, as of July 15th, 2007, 2629 CD patients had received at least one dose of certolizumab during completed and ongoing trials (1564 in pooled studies, 1065 in non-pooled ongoing studies).7  Of the 1564 pooled patients, 1350 received the 400-mg dose. The mean duration of exposure to certolizumab 400 mg was 370 days, with 286 patients receiving drug for at least 24 months.  Exposure of the 1065 non-pooled patients had not been calculated.
Deaths and Other Serious Adverse Events (Sentinel Events)
Deaths:  The incidence of death among all certolizumab-treated patients with RA was 0.8 per 100 patient-years (frequency, 31/2367, 1.3%).  For patients with CD, the corresponding rates were 0.4 per 100 patient-years (9/2166, 0.4%).  In controlled trials for RA, there was a two-fold increased risk for death on certolizumab relative to placebo (0.8 versus 0.4 per 100 patient-years).  For CD, there was also an increased incidence of death on certolizumab (0.3 versus 0.0 per 100 patient-years).  Although certolizumab cannot be definitely causally related in every case, careful monitoring of patients is warranted, particularly for infections and malignancy.
In the FDA safety analysis mentioned previously, as of July 15th, 2007, in all completed and ongoing trials in patients with CD (total number unclear), 12 patients had died, all of whom had received certolizumab.7
Other Serious Adverse Events:  There is a black box warning on the risk of serious infections with certolizumab.  Serious infections include tuberculosis, bacterial sepsis, invasive fungal infections, and infections due to other opportunistic infections. 

In addition to serious infections, clinical trials have also showed malignancies (rate of 0.5 per 100 patient years versus 0.6 per 100 patient years in placebo) and there is a class effect of heart failure worsening with TNF inhibitors. 
Serious bleeding events—which were initially cited by the EMEA as a potential concern but were removed from their final report—were evaluated closely by FDA. In sponsor-submitted data, there was an increased incidence of serious bleeding events in CD patients receiving certolizumab versus placebo (0.7 versus 0.0 per 100 patient-years, respectively).  Incidences in RA patients were similar between active and placebo groups in controlled trials.  However, the FDA Clinical Reviewer noted mishandling of data; therefore, the quality and reliability of data for serious bleeding events may be incomplete.
Infections:  Certolizumab has a Black Box Warning that highlights the risk of serious infections.  The warning states that serious infections leading to hospitalization or death including TB, bacterial sepsis, and other opportunistic infections have occurred in patients receiving certolizumab.  Therapy with certolizumab should be discontinued if a patient develops sepsis or a serious infection.  Baseline testing for latent TB is recommended.  Patients who tested positive for TB should be treated with anti-TB therapy prior to treatment with certolizumab. All patients who receive certolizumab should be monitored for active TB during treatment, even if baseline latent TB test were negative.  According to UCB, Inc., no TB cases have been reported in North America. 
Malignancies: The rate of malignancies between certolizumab and control groups was similar in clinical trials.  However, in controlled trials of some TNF inhibitors, more cases of malignancies have been observed in patients who received TNF inhibitors as compared with placebo.  

Heart Failure: Mild to moderate cases of heart failure was observed in placebo-controlled, open label RA clinical trials.  These cases usually occurred during the first year of certolizumab therapy.  

Autoantibodies: Cases of systemic lupus erythematosus (SLE) have been observed in patients who were treated with certolizumab.  The casual effect between SLE and certolizumab is unknown.  And, the impact of long-term treatment with certolizumab on the development of autoimmune diseases is unknown. 

Hypersensitivity reactions: Hypersensitivity following caused by certolizumab has been rarely reported.  Reactions may include: angioedema, dermatitis allergic, dizziness (postural), dyspnea, hot flush, hypotension, injection-site reactions, malaise, pyrexia, serum sickness, rash, and vasovagal syncope. 

Common Adverse Events
Table 4: Adverse events reported by ≥3% of patients treated with certolizumab dosed every other week during placebo-controlled period of RA studies, with concomitant MTX (%)a


	Adverse Events
	Certolizumab 200mg + MTX 

(n =640)
	Placebo + MTX 

(n = 324)

	Upper respiratory tract infection
	6
	2

	Headache
	5
	4

	Hypertensionb
	5
	2

	Nasopharyngitis
	5
	1

	Back pain
	4
	1

	Pyrexia
	3
	2

	Pharyngitis
	3
	1

	Rash
	3
	1

	Acute bronchitis
	3
	1

	Fatigue
	3
	2


Source:  Product Information1,2
aThe package insert noted that certolizumab 200mg given every other week and 400mg, as monotherapy, given every 4 weeks had similar rates of adverse events.

The proportion of patients who discontinued treatment due to adverse effects was 5% compared to 2.5% for placebo.  Discontinuation of certolizumab was commonly due to TB infections (0.5%), pyrexia, pneumonia, and rash (0.3%).   In Crohn’s Disease clinical trials common adverse events included upper respiratory infections (20% certolizumab vs. 13% placebo), urinary tract infections (7% certolizumab vs. 6% placebo), and arthralgia (6% certolizumab vs. 4% placebo).   Discontinuation of certolizumab from adverse events included abdominal pain, diarrhea and intestinal obstruction.     
bHypertension occurred more frequently with patients who have a history of baseline hypertension, and those who received concomitant corticosteroids and non-steroid anti-inflammatory medications.  
Warnings and Precautions 1,2:
Serious Infections: As stated in the Black Box Warning, serious and sometimes fatal infections have been noted in patients receiving certolizumab.  Infections have been due to bacterial, mycobacterial, invasive fungal, viral, or other opportunistic pathogens.  In some of these cases, patients were taking concomitant immunosuppressive agents alongside certolizumab (e.g., MTX and corticosteroids).  Patients usually experience disseminated rather than localized disease.   

Since the addition of biologic disease-modifying antirheumatic drugs (biologic DMARDs) have no additional benefit, and an increased risk for serious infections, certolizumab should not be used with other biological DMARDs.
Certolizumab should not be initiated in patients with an active infection (localized or systemic).  

Reactivation or new cases of TB have been noted in patients receiving certolizumab, including those who previously received treatment for latent or active TB.  Patients should be evaluated for TB risk factors, tested for latent TB infection prior to initiating and periodically during certolizumab therapy.  

Patients who tested positive for TB should be treated with anti-TB therapy prior to treatment with certolizumab. 

Hepatitis B virus (HBV) may be reactivated with the use of certolizumab, as with all TNF inhibitors.  There have been reports of fatalities associated with HBV reactivation occurring in conjunction with TNF inhibitor therapy.  Prior to initiating certolizumab, at risk patients should be evaluated for HBV infection.  Efficacy and safety data are unavailable for this patient population.  Discontinue certolizumab if patients develop HBV reactivation and initiate the appropriate anti-viral therapy alongside the appropriate supportive treatment. Exercise extreme caution and monitor patients closely when considering resumption of TNF inhibitor therapy as the safety of this practice is unknown.
Malignancies: The use of TNF inhibitors, including certolizumab has been associated with an increased risk of malignancy development.  The risks and benefits of certolizumab should be considered in those with known malignancies or those who develop a malignancy while receiving therapy.

Congestive Heart Failure: Cases of worsening or new onset congestive heart failure (CHF) have been noted with TNF-inhibitors.  Certolizumab has not been studied in those with CHF.  Caution should be used in those patients with close monitoring.  Discontinuation of therapy should be considered in those with worsening CHF symptoms.

Hypersensitivity Reactions: Hypersensitivity data for certolizumab in patients who experienced hypersensitivity with other TNF inhibitors are unavailable.  Hypersensitivity symptoms that may be attributed to certolizumab include: angioedema, dyspnea, hypotension, rash, serum sickness, and urticaria.  Discontinue therapy if hypersensitivity reactions occur. 

Neurological Reactions: Certolizumab and other TNF inhibitors have been associated with rare cases of new onset or worsening of CNS demyelinating disorders, including seizure disorder, optic neuritis, and peripheral neuropathy disorders.  Exercise caution when considering use of certolizumab in those with pre-existing CNS demyelinating disorders.
Hematologic Reactions: Reports of pancytopenia, including aplastic anemia have been reported with the use of TNF inhibitors.  Cytopenia (e.g., leukopenia, pancytopenia, and thrombocytopenia) have been reported with the use of certolizumab.  Caution should be placed in patients who have ongoing, or a history of, significant hematologic abnormalities.

Autoimmunity: There have been seven cases of systemic lupus erythematosus reported since December 31, 2006.  All cases occurred in females; six cases occurred in RA patients and one case in a CD patient.  If symptoms consistent with a lupus-like syndrome develop, certolizumab should be discontinued.
Vaccinations:  Live vaccinations should not be given during certolizumab therapy.  Data for response to vaccinations during certolizumab therapy are unavailable.  

Immunosuppression: The efficacy and safety data for immunosuppressed patients are unavailable.  Therefore, the impact of certolizumab therapy in this patient population is unknown.  

Contraindications
There are no listed contraindications for the use of certolizumab in the prescribing information. However, certolizumab should not be started in patients with active infection, including clinically important localized infections. Certolizumab should also not be used in combination with biological DMARDs or other TNF inhibitor therapy.
Withdrawal Phenomena and Abuse Potential:  
No rebound of Crohn’s disease was observed in placebo maintenance therapy patients following discontinuation of open-label induction certolizumab in Study 032. 
Certolizumab is a not an FDA scheduled drug.  Abuse potential is unlikely with this medication. 

Sentinel Events in Postmarketing Experience with TNF Inhibitors
Serious skin reactions (Stevens-Johnson syndrome, toxic epidermal necrolysis, erythema multiforme) have been reported with TNF inhibitors. As of March 27th, 2008, no such events had been reported with certolizumab.7  

Special Populations

Pregnancy
Currently, all TNF-alpha inhibitors including adalimumab, infliximab and certolizumab are considered pregnancy category B.  Immunoglobulin G (IgG) is the only antibody that has been shown to transfer from the mother to fetus across the placenta through a specific receptor-mediated binding of the Fc-gamma portion.  Pregnant women who took adalimumab or infliximab had fetuses with higher drug concentration as a result of increased IgG placental transfer during the third trimester.  “Dignass et al. noted that there is “no increased risk following the use of [adalimumab and infliximab] during pregnancy has been observed in the newborn.”28  In addition, the TREAT registry and retrospective data did not show any fetal malformation due to exposure to infliximab.  

Certolizumab pegol is a recombinant, pegylated humanized antibody Fab’ fragment that lacks the Fc portion.  Data from in vitro and animal studies show that the Fab’ fragment does not cross the placenta.  However, Kane et al. noted that animal studies have shown that “PEG is cleaved from the Fab’ portion and excreted unchanged, predominantly in the urine.  It is conceivable that once the PEG moiety is cleaved in the human, the small-sized Fab’ fragment would then cross the placenta.”29 Data from UCB, Inc. did not show an increased risk with the use of certolizumab during pregnancy.  

Breast-feeding: It is unknown whether certolizumab is excreted in human milk.  Clinical judgment should be made on whether to discontinue nursing or to discontinue certolizumab.  

Geriatric:  Clinical trials did not have sufficient numbers of patients aged 65 and over to determine whether they respond differently.  The pharmacokinetic analyses of elderly patients compared to young adults in the clinical trials were not different.
Look-alike / Sound-alike (LA / SA) Error Risk Potential

As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

LA/SA for generic name certolizumab: cetuximab

LA/SA for trade name Cimzia: Cinryze

Drug Interactions

Drug-Drug Interactions

Methotrexate: certolizumab can be used with methotrexate for the treatment of RA.  However, pharmacokinetics has not been evaluated. 

Biologic DMARDs: The use of certolizumab in combination with anakinra or abatacept is not recommended; there is no additional benefit to the combination therapy and an increased risk of serious infections. Certolizumab may be used concomitantly with NONbiological DMARDs. 

Live and attenuated vaccines: Do not give live or attenuated vaccines during certolizumab therapy. 

Drug-Lab Interactions 

Certolizumab elevated aPTT assay results in patients who do not have coagulation abnormalities.  This effect was observed with the PTT-LA and STA-PTT A tests from Diagnostic Stago, and the HemoIL APTT-SP liquid and HemosIL lyophilized silica tests from Instrumentation Laboratories.  Other aPTT assay may be affected as well.  Abnormality in lab results for thrombin time (TT) and prothrombin time (PT) assay have not been observed.  
Acquisition Costs
Table 5: TNF Inhibitors in Rheumatoid Arthritis
	Drug
	Package Size
	Route
	Schedule 
	Cost/Patient/Dose ($)
	Cost/Patient/Year ($)

	Certolizumab (Cimzia)
	2 pre-filled syringes; each is 200mg/mL 
	SC
	400 mg at week 0 2, and 4, then
	$688.66 
	$2,065.98

	
	
	
	200 mg q2weeks, or
	$344.33
	$8,952.58

	
	
	
	400mg q4weeks
	$688.66
	$8,952.58

	Adalimumab (Humira)
	2 pre-filled syringes; each is 40mg/0.8mL 
	SC
	40 mg q2weeks
	$327.66
	$8,519.16

	Etanercept (Enbrel)
	4 pre-filled syringes; each is 25mg/0.5mL
	SC
	25 mg twice weekly
	$81.92
	$8,519.68

	
	
	
	50 mg weekly 
	$163.84
	$8,519.68

	Golimumab (Simponi)
	1 pre-filled syringe; 50mg/0.5mL 
	SC
	50 mg q4weeks
	$750.68
	$9,758.84

	Infliximab (Remicade)a
	100mg/20mL 
	IV
	3 mg/kg q8week
	$1,183.20
	$7,690.80

	
	
	
	10 mg/kg q8week
	$2,760.80
	$17,945.20


Lowest VA costs as of 10/16/09. For updated costs, refer to www.pbm.va.gov .
aCost calculation is based on dose for a 70kg patient 

Table 6. Options for TNF inhibitor failure in RA
	Drug
	Package Size
	Route
	Schedule
	Cost/Patient/Dose ($)
	Cost/Patient/Year ($)

	Abatacept (Orencia)b
	Vial of 250mg/15mL
	IV
	Weeks 0, 2, 4, then 
	· < 60 kg: $643.24

· 60-100 kg: $964.86
	· < 60 kg: $1,929.72
· 60-100 kg: $2,894.58

	
	
	
	q4week
	
	· < 60 kg: $8,362.12
· 60-100 kg: $12,543.18

	Anakinra (Kineret)
	100mg/0.67mL 
	SC
	100  mg daily
	$31.83
	$11,617.95

	Rituximab (Rituxan)
	10mg/mL
	IV
	1000 mg days 1 and 14 in combination with methotrexate
	$1,794.13
	$3,588.26-$7,176.523


Lowest VA costs as of 10/16/09. For updated costs, refer to www.pbm.va.gov .
bThis medication is dosed by weight range: < 60kg = 500mg, 60-100 kg = 750mg

cPer rituximab package insert the dose for RA in combination with methotrexate is two -1000mg IV infusions separated by 2 weeks (one course) every 24 weeks or based on clinical evaluation, but not sooner than every 16 weeks. Calculation based on each course in 24 week intervals. 
Table 7.  Biologics used in moderate to severe Crohn’s disease

	Drug
	Dose
	Route
	Schedule
	Cost/Patient/
Dose
	Cost/Patient/

Year

	Certolizumab
(Cimzia)
	400 mg 
	SC
	Weeks 0, 2, 4, then maintenance every 4 weeks
	$688.66
	$10,329.90

	Adalimumab

(Humira)
	160mg,

 80mg,

40mg 
	SC
	160 mg x 1, 

then 80 mg day 15, then 40 mg maintenance every 2 weeks
	$1,306.64
$655.32

$327.66
	$ 10,153.46

	Infliximab d
(Remicade)
	5 mg/kg  
	IV
	Weeks 0, 2 and 6, then maintenance every 8 weeks
	$1,380.40
	$11,043.20

	Natalizumabe
(Tysarbi)
	300 mg 
	IV
	Every 4 weeks
	$1,579.06
	$20,527.78


Lowest VA costs as of 10/16/09. For updated costs, refer to www.pbm.va.gov .
dInfliximab dosing based on 70 kg patient.   

eNatalizumab requires patient, provider, and pharmacy to enroll in the TOUCH restricted distribution program.

Pharmacoeconomic Analysis

There are no pharmacoeconomics data on certolizumab for rheumatoid arthritis to date.  The manufacturer provided information on work absenteeism and presenteeism based on RAPID 1 and RAPID 2 data in the AMCP dossier.2  Results from RAPID 1 and RAPID 2 showed that patients who receive combination treatment of certolizumab and MTX miss fewer days of work and are more productive at work per month in comparison to MTX monotherapy. 
RAPID 1 and RAPID 2 showed that more patients in the combination treatment arm have improved physical function through the HAQ-DI at week 24 compared to baseline.  FAST4WARD showed that patients in the certolizumab arm reported improvement in HAQ-DI, arthritis pain (VAS), HRQoL through SF-36 and physical and mental component summary, and fatigue assessment scale2.  

An abstract presented at the Crohn’s & Colitis Foundation of America (CCFA) 2008 meeting suggest certolizumab pegol is less costly than infliximab or adalimumab for induction and maintenance of moderate to severe Crohn’s disease.30 Estimated induction cost was approximately $9504, $5193, and $4934 per patient for infliximab, adalimumab, and certolizumab, respectively.  With maintenance therapy the 2-year expected total cost was approximately $47,520, $48,472, and $44,044 for infliximab, adalimumab, and certolizumab, respectively.  

The manufacturer provided pharmacoeconomic costs including worker productivity and absenteeism and retrospective claims analysis based on the clinical studies in the AMCP dossier.2  For Crohn’s disease, using the PRECISE 1 trial, much greater improvement in overall work and activity impairment was demonstrated with certolizumab compared to placebo. PRECISE 2 data demonstrated certolizumab provides greater improvement in absenteeism, presenteeism, and overall work impairments.

Health-related quality of life (HRQOL) has been evaluated in the  clinical trials as a secondary endpoint.6,8,31  Various HRQOL indicators including the inflammatory bowel disease questionnaire (IBDQ), Short-Form-36 and mental component summary from the PRECISE 2 show more patients receiving certolizumab improve versus the placebo group.  Greater QALYs in the certolizumab group (0.25 + 0.10 versus 0.21 + 0.11; p=0.001) was also determined. The WELCOME study which compared patients who previously failed infliximab to placebo showed IBDQ improvements over baseline.31 

Conclusion

Certolizumab was approved by the FDA for rheumatoid arthritis in May 2009.  The use of certolizumab monotherapy or in combination with methotrexate appears to be effective for the treatment of rheumatoid arthritis.  Published phase III trials that included patient reported outcomes such as HRQoL and HAQ-DI as well as clinical radiographic results show that certolizumab appears to be favorable over placebo.  UCB Inc. is currently conducting long-term, open-label trials to evaluate the efficacy of certolizumab in patients with rheumatoid arthritis.  However, there are no long term data beyond 52 weeks published.  And, there is no head-to-head data that compares certolizumab to other TNF inhibitors for the treatment of rheumatoid arthritis.  Structurally, certolizumab differs from other TNF inhibitors in that it lacks the Fc portion of the antibody and the Fab’ portion is bound to PEG.  Potential benefits of this technology include less immunogenicity and longer half-life9.  A less immunogenic product may mean that less neutralizing antibodies will develop and therefore not require more frequent dosing.  This has yet to be confirmed in clinical trials.  Like golimumab, certolizumab can be dosed monthly, although two of the three Phase III trials did not dose in this fashion.  Unlike infliximab which requires an intravenous infusion, patients can self-administer certolizumab which is more convenient and potentially result in less infusion related reactions.  It is available as a pre-filled syringe that is ergonomically designed.  However, patients who need 400mg will require two injections as the drug is commercially packaged as 200mg/syringe.   Further studies are need for dosing adjustment in patients who develop antibodies to certolizumab.

Certolizumab was approved by the FDA for Crohn’s disease in April 2008. Certolizumab provided modest benefit in the rates of response at week 6 and at both weeks 6 and 26 as compared with placebo in patients with moderate to severe active Crohn’s disease who were receiving conventional immunosuppressive treatments, regardless of baseline CRP level. However, FDA Clinical and Statistical Reviewers noted that the findings were not statistically robust. Long-term durability of effect beyond 30 months has not been evaluated. There are currently two other TNF inhibitors approved for Crohn’s disease, adalimumab and infliximab, for which more long-term clinical experience exists. Potential advantages of certolizumab over infliximab include self administration through its subcutaneous injection.  Infusion reactions also are more likely to occur with infliximab which can only be administered intravenously. The certolizumab PEGylation allows less frequent administration compared to adalimumab.  Natalizumab, an alpha 4 integrin antagonist, also has an indication for Crohn’s in patients who fail or are intolerant to conventional therapy and TNF inhibitors. There are information gaps about safety and efficacy with long-term use, in patients who are refractory to conventional therapies, in patients with fistulizing CD, and in patients with anti-certolizumab antibodies. Further studies on the need for dosing adjustment in patients with antibodies are needed.
Patients may fail to respond or lose their response to the first TNF inhibitor they use in CD.  Interim results from two ongoing trials (reported in abstracts only) are inadequate to assess whether certolizumab could become an option for re-induction in patients who previously failed other TNF inhibitors for Crohn's disease. 

No head to head trials have been completed to determine relative efficacy of certolizumab to other TNF inhibitors.  The Cochrane review and FDA summary review suggest that certolizumab is similar in induction efficacy to adalimumab and natalizumab, and inferior to infliximab and adalimumab but similar to natalizumab in remission efficacy for CD. The overall short-term safety profile seems to be similar to those of other available TNF inhibitors approved in Crohn’s; however, there is less long-term safety experience with certolizumab. Interim results of studies in patients who have failed prior TNF agents are not conclusive at this time.    

It is important to screen all patients who are at risk for TB, infections, and malignancies prior to initiating certolizumab.
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Appendix 1: Randomized Controlled Trials in Rheumatoid Arthritis
A literature search was performed on PubMed/Medline (1966 to October 2009) using the search terms certolizumab, Cimzia, and rheumatoid arthritis.  The search was limited to studies performed in humans and published in English language. Reference lists of review articles and the manufacturer’s AMCP dossier were searched for relevant clinical trials. All randomized controlled trials published in peer-reviewed journals were included. 
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	Study Goals 
	Objective: To determine the efficacy and safety of two different certolizumab regimens as an add-on therapy to methotrexate in patients who have uncontrolled rheumatoid arthritis despite treatment with monotherapy methotrexate.  

	Methods 
	Study Design: 52-week, phase III, multicenter, randomized, double-blind, placebo-controlled, parallel-group trial.  
Primary Endpoints

· ACR20 response rate at week 24 

· Mean change modified Total Sharp Score (mTSS) at week 52

Secondary Endpoints

· Change in mTSS from at week 24

· Change in HAQ-DI from baselines at weeks 24 and 52

· ACR20 response rate at week 52

· ACR50 and ACR70 response rates at weeks 24 and 52

Intervention: Patients were randomized in 2:2:1 fashion to one of three groups 

· Certolizumab 400mg SC at weeks 0, 2, and 4, then 400mg q2weeks +  MTX

· Certolizumab 400mg at weeks 0, 2, and 4, then certolizumab 200mg q2week + MTX

· Placebo + MTX  
Assessments

· Efficacy and safety evaluations at weeks 1, 2, and then every 2 weeks until week 16. Then, patients were assessed every 4 weeks until week 52 or at time of withdrawal

· Radiographs of hands/feet at baseline, week 24, and week 52 or at time of withdrawal
Statistical Analysis

· Efficacy was conducted based on an intention-to treat-basis

· ACR 20 response: sample size needed = 590 patients; power = 90%; α = 2.5% two-sided.  Logistic regression was performed; treatment effect was estimated using odd ratios and 97.5% confidence intervals; response rate for ACR50 and ACR70 were also performed using logistic regression. 

· Total modified Sharp score: Sample size needed = 906 patients; power ≥ 90% (assuming SD of 7 Sharp units).  ANCOVA was performed on the ranks (treatment and geographic regions were factors, and ranked baseline modified total Sharp score was the covariate).  Continuous efficacy secondary endpoints were analyzed using ANCOVA.
· Response rate for MCID for the HAQ-DI values were analyzed using repeated-measures logistic regression.
· Last observation carried forward sensitivity analyses were performed for imputation of missing scores. 

	Criteria 
	Inclusion Criteria: patients ≥ 18 years old who were diagnosed with RA according to the American College of Rheumatology’s 1987 criteria ≥ 6 months prior to screening but < 15 years total; considered to have active disease; received treatment with methotrexate ≥ 6 months with a stable dosage of ≥  10mg/week for ≥  2 months prior to baseline.  Patient had to continue MTX at the same dose that they were taking at study entry.  Patients were allowed to receive oral steroids (prednisone ≤ 10mg/day or equivalent dose that was stable for four weeks prior to baseline and continuing through the study).  NSAIDs, COX-2 inhibitor, and analgesics were also allowed.

Exclusion Criteria: Other inflammatory arthritis or a secondary noninflammatory arthritis; history of tuberculosis or a chest radiograph showing active or latent tuberculosis; positive purified protein derivative skin test unless it is due to previous BCG vaccination; patients who were considered as high-risk for infection by their providers; history of malignancy, demyelinating disease, blood dyscrasias, severe, progressive or uncontrolled renal, hepatic, hematologic, gastrointestinal, endocrine, pulmonary, cardiac, neurologic, or cerebral disease; patients who received any biologic therapy that resulted in severe hypersensitivity or anaphylactic reaction within the last 6 months (or within the last 3 months for etanercept and/or anakinra); patients who failed to respond to previous treatments with TNF inhibitor agents.

	Results 
	Efficacy

Endpoints

Agents

Response rate 

p-value

ARR

RRR

NNT

ACR20 at week 24 

Certolizumab 200mg + MTX (n=393)
58.8% (n=231)
< 0.001 vs. placebo
45.2%

332.4%

2

Certolizumab 400mg + MTX (n=390)
60.8% (n=237)
47.2%

347.1%

2

Placebo + MTX (n=199)
13.6% (n=27)
Total modified Sharp score at week 52 (mean change from baseline)

Certolizumab 200mg + MTX (n=393)
0.4 Sharp units 

< 0.001 by rank analysis

Certolizumab 400mg + MTX (n=390)
0.2 Sharp units 

Placebo + MTX (n=199)
 2.8 Sharp units 

DAS28-ESR at week 52 (mean ± SD change from baseline)

Certolizumab 200mg + MTX (n=393)
3.3 ± 1.3

<0.001 vs. placebo

Certolizumab 400mg + MTX (n=390)
-3.4 ± 1.4

Placebo + MTX (n=199)
-2.4 ± 1.3

AAR = absolute risk reduction, RRR = relative risk reduction, NNT = number needed to treat

· There was no statistical difference in the efficacy when certolizumab 400mg + MTX and certolizumab 200mg + MTX were compared to each other.

· 62.8% of patients in the placebo treatment arm withdrew due to lack of efficacy.  Only 21.6% of patients completed 52 weeks of treatment.

· Peak ACR20 response rate occurred at week 12, and it was sustained through week 52. 

· Data for HAQ-DI were not reported, but the authors indicated that the combination treatment arm have improvements over placebo (p < 0.001). 

· More patients in the combination treatment arms experienced physical function improvement vs. placebo (p < 0.001). 

Safety

· Overall rate of adverse events per 100 patient-years were: 125.9 (placebo), 96.6 (certolizumab 200mg + MTX), and 94.6 (400mg + MTX).  The authors noted that most adverse events were mild to moderate.  

· The most common non-infectious adverse events included: Headache, hypertension, and back pain.

· Urinary tract infection, nasopharyngitis, and upper respiratory tract infections were the most frequently reported infectious adverse events.  Six patients in the certolizumab treatment arms withdrew due to infections vs. 0 patients in the placebo treatment arm.  Five patients developed tuberculosis.  Three of these patients had positive PPD tests at baseline. 

· Malignant neoplasms were reported in 12 patients (1 patient in the placebo treatment arm vs. 7 patients in the certolizumab 200mg + MTX and 4 patients in the certolizumab 400mg + MTX). 
· Two deaths occurred in patients in the certolizumab 200mg + MTX group, and four deaths occurred in the certolizumab 400mg + MTX group.  These incidences were considered unlikely to be related to the study drug. 

· Incidence of injection site pain and reaction

· Certolizumab 200mg + MTX: 2% injection site pain, 2.3% injection site reaction

· Certolizumab 400mg + MTX: 1.3% injection site pain, 0.8% injection site reaction
· There was no injection site pain and reaction in the placebo + MTX group. 

	Conclusion
	There was no statistically significant difference in efficacy and safety between certolizumab 200mg + MTX and certolizumab 400mg + MTX.  The addition of certolizumab was effective with an acceptable safety profile in patients with active RA who did not adequate respond to MTX monotherapy. 

	Critique 
	Strengths 

· Baseline characteristics were similar between each treatment arm. 

· Included radiographic assessments of bone erosion and joint space narrowing

· Patients had to continue methotrexate at the same dose prior to trial entry
Limitations

· Study design is placebo-controlled, lacking a comparable treatment option
· Patients who did not respond well to methotrexate monotherapy are more unlikely to achieve ACR20 than patients who were randomized to the combination of certolizumab and methotrexate. 

· Study dose did not include 400mg SC q4weeks, which is one of the FDA approved dosing frequencies.
· Although the MCID for the HAQ-DI values were analyzed, the results were not provided; only p-value was provided.

· Information about NSAIDs and COX-2 inhibitor utilization were not reported

· Patient population consisted of mostly females, which reflects the rheumatoid arthritis population, but is not as applicable to the VA population.
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	Study Goals 
	Objective: To evaluate the safety and efficacy of the combination of methotrexate and either  certolizumab 200mg or 400mg every 2 weeks in comparison to methotrexate monotherapy in patients with active rheumatoid arthritis despite treatment with methotrexate ≥ 6 months.  

	Methods 
	Study Design: 24-week, phase III, double-blind, randomized, multicenter, placebo-controlled trial.  Efficacy analysis was based on an intention-to-treat.

Primary Endpoint: ACR20 response rate at week 24
Secondary Endpoints (at week 24)
· ACR50 and ACR70

· van der Heijde-modified Total Sharp Score 

· SF-36 Health Survey

· Individual ACR core set variables

· DAS28(ESR)4
Interventions: Patient were randomized in 2:2:1 fashion to receive

· Certolizumab 400mg at weeks 0, 2, 4, then certolizumab 200mg q2week + MTX
· Certolizumab 400mg at weeks 0, 2, 4, then certolizumab 400mg q2weeks + MTX
· Placebo + MTX.  
Statistical Analysis
· 529 patients were needed to provide a 90% power to detect at ≥ 20% difference at week 24 between each certolizumab group and placebo with α = 0.025 (two-sided). 

· Comparison between the placebo treatment arm and the combination treatment arms: logistic regression 

· Treatment comparisons for change from baseline at week 24 in individual ACR core set components: ANCOVA with last observation carried forward (LOCF imputation)

· Mean change from baseline modified total Sharp score: ANCOVA on the ranks; modified total Sharp score for patients who withdrew from the trial early was estimated by linear extrapolation of the last available value 

· Sensitivity analyses were performed for imputation of missing values

	Criteria 
	Inclusion Criteria: Patients ≥ 18 y.o. who are diagnosed with rheumatoid arthritis according to the American College of Rheumatology’s 1987 criteria ≥ 6 months prior to screening but < 15 years total; have received methotrexate ≥ 6 months with a stable dosage of ≥ 10mg/week for ≥  2 months prior to baseline.  Patients were allowed to take oral corticosteroids (≤ 10mg/day prednisone equivalent); NSAIDs, COX-2 inhibitors provided that the doses were stable for the last 28 and 14 days, respectively, and remained stable throughout the trial. 

Exclusion Criteria: History of tuberculosis or a chest radiograph showing active or latent tuberculosis; positive purified protein derivative skin test unless it is due to previous BCG vaccination; patients who received any biologic therapy that resulted in severe hypersensitivity or anaphylactic reaction within the last 6 months (or within the last 3 months for etanercept and/or anakinra); patients who failed to respond to previous treatments with TNF inhibitors agents.

	Results 
	 Efficacy 

Endpoints

Agents

Response rate 

p-value or 95% CI
ARR
RRR

NNT
ACR20 at week 24

Certolizumab 200mg + MTX (n=246)
57.3% (n=141)
< 0.001 vs. placebo
48.6%
558.6%

2
Certolizumab 400mg + MTX (n=246)
57.6 % (n=142)
48.9%
562.1%

2
Placebo + MTX (n=127)
8.7% (n=11)
--
--
--
ACR50 at week 24
Certolizumab 200mg + MTX (n=246)
32.5% (n=80)

< 0.001 vs. placebo
29.4%
948.4%
3
Certolizumab 400mg + MTX (n=246)
33.1% (n=81)

30%
967.4%
3

Placebo + MTX (n=127)
3.1% (n=4)

--
--
--
ACR70 at week 24

Certolizumab 200mg + MTX (n=246)

15.9% (n=39)

≤0.01 vs. placebo
15.1%
1887.5%
7
Certolizumab 400mg + MTX (n=246)

10.6% (n=26)

9.8%
1225%
10
Placebo + MTX (n=127)

0.8% (n=10)

--
--
--
Physical function (HAQ-DI MCID)

Certolizumab 200mg + MTX (n=246)
57% (n=140)
< 0.001 vs. placebo
46%
418.2%
2
Certolizumab 400mg + MTX (n=246)
53% (n=130)
42%
381.8%
2
Placebo + MTX (n=127)
11% (n=14)
--
--
--
Modified total Sharp score (mean change from baseline)

Certolizumab 200mg + MTX (n=246)
0.2 

95% CI = -0.1 to 0.6

--
--
--
Certolizumab 400mg + MTX (n=246)
-0.4 

95% CI = -0.7 to 0.1

--
--
--
Placebo + MTX (n=127)
1.2 

95% CI = 0.5-2

--
--
--
DAS28 < 2.6 (remission) rate at week 24 
Certolizumab 200mg + MTX (n=246)
9.4% (n=23)
≤0.05 vs. placebo
8.6%
1075%
11
Certolizumab 400mg + MTX (n=246)

8.5% (n=21)
7.7%
962.5%
13
Placebo + MTX (n=127)

0.8% (n=1)
--
--
--
· The ACR core components analysis showed improvement from baseline in the combination treatment arms vs. the placebo treatment arm starting at week 1 and continued to week 24. 

Safety 

· 52.8% (placebo), 56.0% (certolizumab 200mg + MTX), and 50.8% (certolizumab 400mg + MTX) of patients experienced adverse events.  Most of these events were mild to moderate in intensity. 

· Serious adverse events occurred more with the combination treatment arms: 7.3% for each combination treatment arm vs. 3.2% for the placebo treatment arm. 

· The most commonly reported adverse events include urinary tract infection, haematuria, bacteriuria, upper respiratory tract infection, and hypertension.  Reporting hypertension was at the investigator’s discretion as there are no guidelines for reporting this adverse event. A post-hoc analysis showed that the incidence of hypertension is not caused by the study medication.
· Adverse events that led to withdrawal from trial: 1.6% (placebo), 4.8% (certolizumab 200mg + MTX), and 2.8% (certolizumab 400mg + MTX). 

· Five patients in the combination treatment arms developed tuberculosis.  At baseline, three patients had abnormal PPD test results, which were not deemed clinically significant by the investigators. 
· Injection site reaction and injection site pain 

· Certolizumab 200mg + MTX: 1.2% (n=3) injection site reaction and 0 cases of injection site pain

· Certolizumab 400mg + MTX: 2% (n=5) injection site reaction and 0.4% (n=1) injection site pain

· Placebo + MTX

Drug-lab interaction: Prolonged activated partial thromboplastin time (aPTT) was seen in the combination treatment arms.  Additional assay showed the PEG interferes with the phospholipid component of some commercial assays that measure aPTT.  However, increased aPTT was not associated with bleeding events.  The significance of this drug-lab interaction is unknown at this time.

	Conclusion
	The addition of certolizumab to MTX showed to improve clinical signs and symptoms of RA with an adverse effective profile that’s consistent with other TNF inhibitors. 

	Critique 
	Strengths

· Analysis was a randomized, double-blind, placebo-controlled trial; intention to treat analysis for efficacy; power calculations were included. 
· Included radiographic assessment of bone erosion and joint space narrowing

· Patients had stable doses of NSAIDs or COX-2 inhibitors
· Patients had to continue methotrexate at the same dose that they received prior to study entry
Limitations

· Study design is placebo-controlled, lacking a comparable treatment option
· Baseline characteristics: There were more female patients, and there were more patients with a positive rheumatoid factor in the certolizumab 200mg + MTX treatment arm; mean duration of disease was longer in the certolizumab 400mg + MTX treatment arm; more patients in the certolizumab 400mg + MTX treatment arm use steroids; there are lots of variations in the ACR core components among the three treatment arms; the estimated yearly disease progression, and baseline modified total Sharp score were higher in the placebo treatment arm.  

· Patients who did not respond well to methotrexate monotherapy are more unlikely to achieve ACR20 than patients who were randomized to the combination of certolizumab and methotrexate. 
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	Study Goals 
	Objective: Determine the safety and efficacy of certolizumab 400mg every 4 weeks in patients with rheumatoid arthritis who failed at least one prior DMARD agent.  

	Methods 
	Study Design: Multicenter, 24-week, randomized, double-blind, placebo-controlled study. 

Primary Endpoint: ACR20 response rate at week 24

Secondary Endpoints 

· ACR50 and ACR70 response rates 
· ACR component scores

· Disease Activity Score Erythrocyte Sedimentation Rate3 (DAS (ESR)3)

· Health Assessment Questionnaire Disability Index (HAQ-DI) for physical function; health-related quality of life (HRQoL)

· Short-form 36 item questionnaire (SF-36)

· Fatigue [11-point Fatigue Assessment Scale (FAS)]
Interventions: Patients were randomized 1:1 to either certolizumab 400mg every 4 weeks or placebo.  

Statistical Analysis

· ACR 20 response: sample size needed = 100 patients per group to achieve ≥ 90% power to detect a 25% difference in ACR20 response rate between the treatment groups; α = 5% (two-sided).  

· Cochran-Mantel-Haenszel test: compare the proportion of ACR20 responders/nonresponders at each visit; patients were stratified by county 

· Sensitivity analyses were performed using observation carried forward analysis method

· ANCOVA: compares differences in continuous variables between treatment groups 

· Logistic regression model: post-hoc analyses of the proportion of patients whose outcomes ≥ MCID 

	Criteria 
	Inclusion Criteria: Aged 18-75 years with adult onset of rheumatoid arthritis for ≥ 6 months; active disease must be present; failed at least 1 DMARD due to lack of efficacy or intolerance.  Patients were allowed to take oral corticosteroid (prednisone equivalent dose ≤ 10mg/day, stable for ≥ 4 weeks prior to enrollment and during the study); NSAIDs and analgesics were allowed. 
Exclusion Criteria: Any inflammatory arthritis other than rheumatoid arthritis; h/o chronic, serious, or life-threatening infection; any current infection; h/o a chest x-ray suggesting TB or positive PPD skin test; received biological therapies for rheumatoid arthritis within 6 months, or prior treatment with TNFα inhibitors 

	Results 
	Efficacy

Assessment
Certolizumab 400mg (n=111)
Placebo (n=109)
p-value

ARR
RRR

NNT
ACR20 at week 24 

45.5% (n=51)
9.3% (n=10)
p < 0.001

36.2%
387%

3
ACR50 at week 24

22.7% (n=25)
3.7% (n=4)
p < 0.001

19,0%
514%

5
ACR70 at week 24 

5.5% (n=6)
0% (n=0)
p ≤ 0.05

5.5%
--
18
· At week 24: Other secondary endpoints showed that certolizumab resulted in more improvement to RA signs and symptoms compared to placebo.  These endpoints include: DAS28 (ESR)3 (p-value < 0.001); HAQ-DI (p < 0.001); VAS for arthritis pain (p < 0.001); FAS (p < 0.001). 

· More patients in the placebo group withdrew from this trial due to lack of efficacy (68.8% vs. 21.6%)
· Safety: 
· Adverse events that occurred ≥ 5% of patients include headache, nasopharyngitis, upper respiratory tract infections, diarrhea, and sinusitis.  There were two cases of serious infections (bacterial arthritis and mastitis), and two benign cases of tumors (uterine fibroids and benign parathyroid tumor) in the certolizumab group. 
· Injection site pain and injection site reaction

· Certolizumab 400mg: 1.8% injection site pain, 13.8% injection site reaction

· Placebo: 0% injection site pain, 4.5% injection site reaction

	Conclusion
	Certolizumab appears to be effective and safe as a TNF inhibitor that is dosed monthly for the treatment of RA. 

	Critique 
	Strengths 

· Analysis was a randomized, double-blind, placebo-controlled trial; intention to treat analysis for efficacy; power calculations were included. 
· Study dose was 400mg SC q4weeks, which is one of the FDA approved dosing frequencies.

· Patient reported outcomes, including HAQ-DI, DAS28, and VAS for arthritis pain, were evaluated

Limitations

· Study design is placebo-controlled, lacking a comparable alternative

· Baseline characteristics: Mean disease duration was longer and ESR level was higher in the placebo treatment arm; VAS score was higher in certolizumab treatment arm. 

· Did not include baseline MTX dose in patient characteristics
· Did not list which DMARDs patient failed 

· There was no restriction on NSAIDs or COX-2 inhibitor utilization


Appendix 2: Randomized Controlled Trials in Crohn’s Disease
A literature search was performed on PubMed/Medline (1966 to October 2009) using the search terms certolizumab and Cimzia.  The search was limited to studies performed in humans and published in English language. Reference lists of review articles and the manufacturer’s AMCP dossier were searched for relevant clinical trials. All randomized controlled trials published in peer-reviewed journals were included. 
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	Study Goals
	To compare the efficacy of certolizumab (400 mgs.c. at 0, 2, and 4 weeks then every 4 weeks to Week 24) compared with placebo in the treatment of signs and symptoms of active Crohn’s disease (CDAI of 220 to 450 in the previous 7 days and C-reactive protein (CRP) ≥ 10 mg/l at baseline) over a 26-week period. Secondary goals were to evaluate the safety of certolizumab (dosed every 4 weeks over 26 weeks), obtain plasma concentration data of certolizumab and anti-certolizumab antibodies, and evaluate the efficacy of certolizumab irrespective of baseline CRP levels.

	Methods
	Study Design: Phase III, multicenter, randomized, double-blind, placebo-controlled trial. Patients randomized within three strata:  (1) CRP < 10 or ≥ 10 mg/l at Week 0; (2) receiving corticosteroids at Week 0 or not; and (3) receiving immunosuppressants (azathioprine, 6-mercaptopurine, or methotrexate) at Week 0 or not. The co-primary endpoints were (1) the percentage of patients with clinical response at Week 6 in the baseline CRP ≥ 10 mg/l stratum; and (2) the percentage of patients with clinical response at both Weeks 6 and 26 in the baseline CRP ≥ 10 mg/l stratum. Major secondary efficacy endpoints (in terms of percentage of patients):  For baseline CRP ≥ 10 mg/l stratum, clinical remission, IBDQ response. For overall population, clinical response at Week 6 and at both Weeks 6 and 26, clinical remission at Week 6 and at both Weeks 6 and 26, IBDQ responses at Week 6 and at both Weeks 6 and 26. 
Definitions:  Clinical (complete) response:  decrease from baseline of at least 100 points in the Crohn’s Disease Activity Index (CDAI) score. Clinical remission:  total CDAI score ≤ 150. IBDQ response:  at least 16-point increase in IBDQ global score from Week 0.

Sample Size Calculation:  302 patients per treatment group to provide 85% power at the 5% level of significance.
Intervention: Subjects were randomly assigned to receive either: certolizumab injections SC 400 mg or placebo at weeks 0, 2, and 4 and then every 4 weeks 

Data Analysis:  mITT, PP. LOCF. 

	Criteria
	Inclusion criteria:
Age > 18 years; active Crohn’s disease for at least 3 months with CDAI score of 220 to 450; permitted co-medications were stable doses of 5-aminosalicylates, prednisolone or its equivalent (limit of 30 mg per day), azathioprine, 6-mercaptopurine, methotrexate, or antibiotics. 

Exclusion criteria:
Patients with short-bowel syndrome, an ostomy, obstructive symptoms with strictures, an abscess, a history of tuberculosis, positive results on chest radiography or purified-protein derivative tuberculin skin test, demyelinating disease or cancer.  Patients who received any anti-TNF agent within the previous 3 months or had a hypersensitivity reaction or lack of response to the first dose of another TNF antagonist

	Results
	Baseline Characteristics (certolizumab vs. placebo):  CRP ≥ 10 mg/l at baseline:  146 vs. 156. On corticosteroids at baseline:  129 vs. 131. On immunosuppressants at baseline:  126 vs. 121. Gender distribution dissimilar (p = 0.0572).
Subject Disposition:  976 subjects screened; 662 randomized (333 for certolizumab and 329 for placebo); 660 received treatment (331 certolizumab, 329 placebo); 659 in mITT population (331 certolizumab, 328 placebo). Withdrew prior to Wk 6:  16 (11%) certolizumab vs. 34 (22%) placebo; p = 0.0113. Main reason for withdrawing was lack of improvement in both groups (10 and 31 subjects, respectively). Withdrew prior to Week 26:  62 (43%) certolizumab vs. 85 (55%) placebo; p = 0.0367. Total withdrawals 129/333 (38.7%) vs. 153/329 (46.5%), mostly due to “lack of improvement or disease deterioration” (23.9% certolizumab and 34.4% placebo). 
Efficacy
Patients with clinical response  (decrease of > 100 points in the CDAI score)
Assessment
Certolizumab
Placebo
P-value
ARR
RRR
NNT
Baseline CRP > 10mg/L†‡
 At week 6

N = 140

37%
N = 154

26%
0.037

11%

30%

9

At weeks 6 and 26
N = 146

22%
N = 156

12%
0.045

10%

83%

10
All patients†§
At week 6
N = 327

35%
N = 325

27%
0.02

8%

30%

13

At weeks 6 and 26
N = 325

23%
N = 325

16%
0.02
7%
44%
14
mITT analysis. ‡ True ITT analyses by FDA:  NSD. § Per Protocol Analyses:  NSD
Patients achieving clinical remission (CDAI score  of < 150)
Assessment
Certolizumab
Placebo
P-value
ARR
RRR
NNT
Baseline CRP > 10mg/L

At week 6
N = 146

22%

N = 154

17%

0.29

5%

29%

20

 At weeks 6 and 26

N = 145

13%

N = 154

8%

0.24

5%

62%

20

All patients

At week 6
N = 329

22%

N = 326

17%

0.17

5%

29%

20

At weeks 6 and 26

N = 327

14%
N = 326

10%
0.07
4%
40%
25
ARR = absolute risk reduction, RRR = relative risk reduction, NNT = number needed to treat
IBDQ at wk 6 and both wks 6 and 26 in both baseline CRP ≥ 10 mg/l stratum and overall population:  NSD between treatment groups.

	Conclusions
	Certolizumab pegol provided modest benefit in the rates of response at week 6 and at both weeks 6 and 26 as compared with placebo in patients with moderate to severe Crohn’s disease, regardless of baseline CRP level.  Certolizumab provided  no significant treatment benefit in terms of achieving clinical remission.

	Critique
	Strengths

Completed in a randomized, double-blind, placebo-controlled fashion; ITT analysis; power calculations included and complete. 
Limitations
Study population mean age was ~ 37 years; disease duration was ~ 7 years, which means that data is not adequate to support use in veterans who are generally older. Significant difference between treatment groups in the number of subjects who discontinued before week 6. Greater number of total withdrawals in placebo group. According to FDA Statistical Review, strength of evidence was not statistically persuasive / robust (see text for explanation). Treatment differences were inconsistent over time. Study funded by UCB Pharma; multiple authors have received research grants, consulting fees, are employees of UCB Pharma, own stock and/or stock options in UCB Pharma. The FDA statistical reviewer considered the strength of the evidence not statistically persuasive but the results were presented in a positive light despite them not being robust. 


	Citation
	Schreiber S, Khaliq-Kareemi M, Lawrance IC, et al.  Maintenance therapy with certolizumab pegol for Crohn’s disease: the PRECISE 2 Study.  N Engl J Med 2007;357:239-250. (Study 032)

	Study Goals
	To assess maintenance of clinical response to certolizumab (400 mg s.c. every 4 weeks from Weeks 8 to 24) over a 26-week period in the treatment of patients with active Crohn’s disease who had responded to open induction therapy (dosed at Weeks 0, 2, and 4).

	Methods
	Study Design: Phase III, multinational, multicenter, randomized, double-blind, placebo-controlled trial. Patients randomized within three strata (same as for Study 031). 
Primary Efficacy Measure:  Percentage of patients with clinical response at Week 26 in stratum with a baseline CRP ≥ 10 mg/l. 
Secondary Measures:  For baseline CRP ≥ 10 mg/l stratum:  time to disease progression up to and including Week 26; proportion of patients in clinical remission at Week 26; percentage of patients with IBDQ response at Week 26. For overall population:  percentage of patients with clinical response at Week 26; time to disease progression up to and including Week 26; percentage of patients in clinical remission at Week 26; percentage of patients with IBDQ response at Week 26; safety; plasma concentrations of certolizumab and anti-certolizumab antibodies.
Definitions:  Same as for Study 031. In addition, time to disease progression:  the earliest event, in Week 6 responders, of either an increase of ≥ 100 points above Week 6 CDAI or absolute CDAI ≥ 175 points for at least 2 consecutive visits (14 days or longer), or the use of rescue therapy.
Sample Size Calculation:  392 patients (192 patients with a CRP level >10 mg per liter and 196 patients with CRP level < 10 mg per liter) to provide 80% power at the 5% level of significance.
Intervention: All subjects received an induction therapy of SC certolizumab injections of 400 mg at weeks 0, 2, and 4 and then were evaluated for a clinical response at week 6. Those with a clinical response, defined as a decrease of at least 100 points in the CDAI, were then randomly assigned to receive 400 mg of certolizumab pegol every 4 weeks, or placebo every 4 weeks for 24 weeks.
Data Analysis: mITT, per protocol analysis, missing data were examined by a sensitivity analysis of observed case and worst case (worse case = non-responders) 

	Criteria
	Inclusion criteria

Age > 18 years; 3 month history of active Crohn’s disease (CDAI score of 220 to 450).

Permitted co-medications at baseline:  stable doses  of 5-aminosalicylates (for 4 weeks prior to screening), prednisone or its equivalent (limit of 30 mg per day; stable dose for 2 weeks), azathioprine, 6-mercaptopurine, methotrexate (each stable dose for 8 weeks), or antibiotics (stable dose for 4 weeks). 
Exclusion criteria

Patients with short-bowel syndrome, an ostomy, obstructive symptoms with strictures, an abscess, a history of tuberculosis, positive results on chest radiography or purified-protein derivative tuberculin skin test, demyelinating disease or cancer.  Patients who received any anti-TNF agent within the previous 3 months or had a hypersensitivity reaction or lack of response to the first dose of another TNF antagonist

	Results
	Baseline Characteristics (certolizumab vs. placebo):  CRP ≥ 10 mg/l at baseline:  118 (53.9%) vs. 107 (48.2%). On corticosteroids at baseline:  78 (35.0%) vs. 85 (38.3%). On immunosuppressants at baseline:  91  (40.8%)  vs. 89 (40.1%). Gender distribution dissimilar (p=0.0517)
Subject Disposition:  930 subjects screened; 668 entered open-label induction phase and treated with certolizumab at Weeks 0, 2, and 4; 445 (66.6%) had clinical response at Week 6 and were randomized to the double-blind phase. Withdrew 65/216 (31.1%) certolizumab vs. 103/212 (48.6%) placebo. Most common reason for withdrawing during maintenance phase was lack of improvement/disease deterioration (46 subjects, 21.3% certolizumab vs. 75 subjects, 35.4% placebo). 

Efficacy

Assessment

Certolizumab

Placebo

P-value

ARR

RRR

NNT

Patients with clinical response (decrease of > 100 points in the CDAI score)  at week 26
Baseline CRP>10mg/L

N=69

62%

N=34 34%

<0.001

28%

82%

4

All patients
N=135

63%
N=76

36%
<0.001
27%
75%
4
Patients achieving clinical remission (CDAI score of <150) at week 26
Baseline CRP>10mg/L
N=47

42%

N=21

26%

0.01

16%
62%

6

All patients
N=103

48%
N=60

29%
<0.001
11%
38%
9
ARR = absolute risk reduction, RRR = relative risk reduction, NNT = number needed to treat
Secondary Efficacy Measures:  Certolizumab was significantly better than placebo.

	Conclusions
	Clinical response was higher in patients treated with certolizumab. Those who responded to certolizumab induction were more likely to achieve clinical remission on certolizumab maintenance therapy than on placebo.  

	Critique
	Strengths

Completed in a randomized, double-blind, placebo-controlled fashion; ITT analysis; Power calculations included and complete

Limitations

Study population mean age was ~ 38; disease duration was ~ 7 years. Results may not be applicable to U.S. veterans. According to the FDA Statistical Reviewer, the positive primary efficacy results were due mainly to non-U.S. countries; for the U.S., clinical response at Week 26 in the baseline CRP ≥ 10 mg/l stratum was similar for both treatment groups. Location-dependent differences may be explainable by host factors. However, lack of a difference was not inconsistent with sampling variation, given a relatively small number of U.S. patients and no data explaining the lack of difference. Short study duration. This is the only study supporting certolizumab for maintenance therapy, and the FDA Statistical Reviewer considered the strength of the evidence not statistically persuasive. Study funded by UCB Pharma; multiple authors have received research grants, consulting fees, are employees of UCB Pharma, own stock and/or stock options in UCB Pharma. 
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