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Abstract
Biosimilars are a relatively new class of medications comprised of proteins that are structurally similar to the original biologic drug. A significant difference however between biosimilars and their reference product is cost, which can potentially save transitioning health systems hundreds of thousands of dollars. In the US, there are currently four FDA approved biosimilars with infliximab as their reference product. These approved biosimilars however are not classified as interchangeable, which is synonymous with the AB rating used for generic equivalents. The objective of this study is to determine the safety and efficacy profile of infliximab and infliximab biosimilars among UC medical center patients. We will conduct a chart review for patients from April 1, 2018 to July 31st, 2021 who have received infliximab products and compare the rates of infusion-related reactions in these two groups and analyze them using the chi-square test.  

Research Question
Do patients on infliximab biosimilars have a similar incidence of infusion-related reactions to those on the infliximab originator at UCSF infusion centers?

Specific Aims
· To compare the incidence of infusion-related reactions in patients treated with infliximab and infliximab biosimilars. 
· To examine the cost differences between infliximab and infliximab biosimilars

Significance
Infliximab (Remicade®), approved by the FDA in 1998, is a monoclonal antibody that neutralizes the activity of TNFα. It falls under a broad category of drugs called biologics, comprised of proteins, and manufactured through living cells. These class of drugs are used to treat a variety of diseases: inflammatory bowel disease, rheumatoid arthritis, cancers, and endocrine disorders. While new biologics are being developed every day, their significant price tag is a difficult factor to ignore when considering treatment. Biosimilars were developed to act as a much more affordable alternative to biologics. However, despite their similarity in structure. biologics and their respective biosimilars undergo different manufacturing processes, thus prompting the question of whether they should be interchangeable. 

Currently, in the US, there are four approved biosimilars to infliximab: infliximab-axxq (Avsola®), infliximab-dyyb (Inflectra®), infliximab-qbtx (Ixifi™), and infliximab-abda (Renflexis®). Despite FDA approval, there is still much resistance to transitioning patients onto these biosimilars due to concerns regarding their efficacy and safety profile. PLANETRA (Programme evaLuating the Autoimmune disease iNvEstigational drug cT-p13 in RA patients) was a phase III randomized, double-blind, multicenter trial demonstrating equivalent efficacy and comparable pharmacokinetic and safety profiles between infliximab-dyyb and the original product in patients with rheumatoid arthritis. Similar results were shown in a phase IV, randomized, non-inferiority, double-blind trial titled NOR-SWITCH, which examined outcomes from switching patients from the original product to infliximab-dyyb. 

However, despite these landmark studies, not all guidelines endorse switching between biosimilars and their reference product. Moreover, the FDA has only recently approved its first interchangeable biosimilar Semglee® (insulin-glargine-yfgn). Further studies in the US, particularly including a more diverse population, could assist in guiding providers and patients towards switching infliximab to its biosimilar counterparts, which could result in a significant cost-savings for the UC health system.  

Methods
Design: Retrospective, cohort study including participants treated with infliximab originator or were on infliximab originator and switched to infliximab biosimilar

Time Frame: April 1, 2018 to July 31, 2021

Target Population: All patients in the Bay Area who have received infliximab products
Accessible Population: Patients with an accessible electronic medical record who have received infliximab products at a UCSF affiliated infusion center.

Inclusion Criteria:
· Patients ≥ 18 years old
· Must be on maintenance therapy of originator infliximab (Remicade®) prior to switching

Exclusion Criteria: 
· Patients who did not complete the induction phase of treatment (Week 0, 2, & 6)
· Individuals who are not yet adults (infants, children, teenagers)
· Pregnant women
· Prisoners

Sample Procedures:
A list of patients that have received treatment products will be provided by a data analyst. We will access the charts of patients within this database through EPIC who have documented administration of infliximab or infliximab biosimilars to collect all pertinent information. 

Primary predictor variable: Infliximab biosimilars

Primary outcome variable: Incidence of infusion-related reactions: reactions that develop during infusions or within 1 hour of completion
· Acute mild infusion reaction: Transient pruritis, flushing, dizziness, nausea, headache, diaphoresis, palpitations, myalgia, fever (≤38°C), or paresthesia 
· Acute moderate infusion reaction: chest tightness/discomfort/pain, dyspnea, hypertension (> 20 points SBP), urticaria, fever (≥38°C), chills and palpitations 
· Acute severe infusion reaction: bronchospasms, angioedema, hypotension, EMS/hospitalization required

Secondary outcomes: 
· Occurrence and time to study drug discontinuation 
· Changes in ESR from baseline 
· Changes in CRP from baseline 
· Cost of dosing regimens

Secondary safety outcomes: 
· Upper respiratory tract infection
· Lower respiratory tract infection
· Latent TB
· Liver function tests
· Urinary tract infection

Potential confounders: age, socioeconomic status, antinuclear antibody status, concomitant medications, disease severity, duration of infliximab therapy

Null Hypothesis:
There is no difference in rates of infusion-related reactions between infliximab biosimilars and their reference product.

Alternative Hypothesis:
There is a difference in rates of infusion-related reactions between infliximab biosimilars and their reference product.  

Sample Size Estimates:
Based on findings of published studies, the incidence of infusion-related reaction for patients receiving maintenance therapy can range from 4% to 8%. We determined that the study would have 80% power to detect an absolute risk difference of 10%, using a chi-square test at a two-sided alpha level of 0.05. Thus, our projected sample size to detect a 10% absolute risk difference will be 346 patients. The control and study group will have an equal number of patients.

α (two-tailed) = 0.05
β = 0.20
Q0 (proportion of subjects in infliximab originator) = 0.5
Q1 (proportion of subjects in infliximab biosimilars) = 0.5
P0 (risk in originator group) = 0.06
P1 (risk in biosimilars group) = 0.16
Effect Size/Absolute Risk Difference = 0.10
Risk Ratio = 2.6667

Analysis:
We will utilize descriptive statistics to assess the following patient characteristics: age, gender, height, weight, BMI, ethnicity, duration of ongoing infliximab therapy, previous biologic therapy, concurrent immunosuppressive regimen, diagnoses requiring biologic therapy, presence of ANA, CRP, and ESR. We will analyze our primary endpoint using the chi-square test. Secondary endpoints will be assessed through the t-test and chi-square test.

Ethical Considerations
Institutional Review Board (IRB) Review and Informed Consent:
This study protocol will be submitted to UCSF IRB for approval.

Data Management:
Data will be collected between April 1, 2018 to August 31, 2021. All data collection will be done by a pharmacy resident or a pharmacy student under the supervision of a pharmacy resident. Data from the electronic medical record (Epic) will be collected, de-identified, and inputted into REDcap, a secure electronic research database. Only principal investigators, research coordinators, and pharmacy students involved in data collection will have access to the REDcap project.
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