
 

The first biosimilar, Zarxio, was approved by the Food and Drug Administration (FDA) in 

2015. Since then, 18 other biosimilars have been approved in the U.S. however less than 

half of them are commercially available on the market. The average whole sale prices of 

these biosimilars are approximately 15% to 60% lower than that of their respective 

reference products. In spite of the potential cost savings to health plans and patients, 

the adoption of biosimilars in the U.S. has been slow. It is important for healthcare 

providers to understand the current landscape of biosimilars, the agents that are 

available, their indications, and place in therapy. 
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Background  

Biologics1 

A biologic drug is a large complex molecule used to diagnose, prevent, treat, or cure 

disease. Biologics are derived from living microorganisms, plants, or animal cells.  

Biologics are used to treat a wide variety of diseases. Examples of biologics include: 

• Humira (adalimumab) – used to treat autoimmune diseases such as rheumatoid 

arthritis, Crohn’s Disease, and plaque psoriasis 

• Lantus (insulin glargine) – a long acting insulin used to control high blood sugar 

in patients with diabetes mellitus 

• Avonex (interferon beta-1a) - used to treat patients with relapsing forms of 

multiple sclerosis 

• Luxturna (voretigene neparvovec-rzyl) – a type of gene therapy used to treat 

patients with an inherited eye disease 

 

Biologic drugs are the fastest growing therapeutic products in the U.S. They are more 

effective than non-biologic drugs because they are able to target the parts of the 

immune system that cause disease. However biologic drugs are expensive because they 

often require special manufacturing techniques such as recombinant DNA technology in 

order to produce. In addition, manufacturers are required to conduct extensive testing 

in order to ensure that the products are of high quality and purity and that they are 

produced consistently each time. Although only 2% of people in the U.S. use biologics, 

they account for 40% of the total spending on prescription drugs. 

 

Biosimilars2 

Like biologics, biosimilars are drugs that are derived from living cells. Each biosimilar has 

a biologic product that it is compared to, known as a reference product.  

A biosimilar must meet the following requirements in order to be approved by the FDA: 

1. The biosimilar is highly similar to its reference product (i.e., an already approved 

biologic against which a biosimilar is compared). Minor differences in clinically 

inactive components between the reference products and proposed biosimilars 

are acceptable. The FDA evaluates these differences to ensure that the biosimilar 

still meets approval standards. Demonstration of similarity is achieved through 

extensive analysis of the structure and function of both products. These include 

tests such as bioavailability, chemical identity, and purity.  

2. The biosimilar has no clinically meaningful differences to its reference product in 

terms of safety, purity, and potency (safety and efficacy). This is demonstrated 

through clinical studies, human pharmacokinetic and pharmacodynamic studies, 



 

and analyses of immunogenicity (ability to illicit an immune response in a 

patient). 

Generics3 

A generic drug is a medication that has the same active ingredient as a brand name 

drug.  Newly approved branded drugs are awarded patents and market exclusivity, 

thus prohibiting other manufacturers from producing and selling the same drug. 

However, after patent expiration, any manufacturer can file for FDA approval to make 

and sell a generic version of the branded drug.  

 

Generic drugs have the same safety and efficacy profile, dosage forms, route of 

administration, strength, and indications as their brand name versions. These 

similarities help to demonstrate bioequivalence; that is, the generic drug can be used 

in place of its brand name version because it has the same therapeutic effects. 

Generic drugs undergo the Abbreviated New Drug Application 505 (j) FDA approval 

pathway. Under this pathway, generic drug manufacturers are not required to 

conduct the extensive and costly clinical studies that were required for approval of 

the branded drug. This is why generic drugs are often cheaper than branded drugs. 

 

Although biosimilars are often confused for generic drugs, they are not the same. 

Generics are produced by analyzing the chemical structure of the branded drug and 

chemically synthesizing the same compound in a laboratory: Essentially, they are 

copies of the branded products. However, biologic drugs are different from 

conventional branded products because they are large, complex, and unique 

molecules that are derived from living cells. As a result, their structures are not easy 

to analyze and replicate. Additionally, the nature of final product can vary depending 

on changes within the manufacturing process. 

FDA APPROVAL PATHWAY FOR BIOSIMILARS 

Although biosimilars and their reference products are highly similar, they undergo 

different FDA approval pathways. 



 

 

 

BLA 351(a) approval pathway for biologics4-6 

 

 

The goal of the 351(a) pathway is to demonstrate the safety and efficacy of the biologic drug 

through various phases of preclinical and clinical studies. 

1. Preclinical Studies 

Preclinical studies include both vitro and in vivo testing to determine whether the 

drug is safe to be tested in humans. 

• In vitro testing – testing of blood or tissue samples from humans is 

conducted in order to identify whether the drug may be effective for 

treating certain diseases 

• In vivo testing – the drug is tested in animals. 
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2. Phase I Clinical Studies 

This is the first phase that includes testing of the drug in humans. Its purpose is 

to evaluate the safety profile and determine the dosage of the drug. 

Approximately 20 to 100 healthy subjects or those with the disease or condition 

that the drug is intended to treat are evaluated in this phase, which lasts several 

months. 

 

3. Phase II Clinical Studies 

The purpose of this phase is to evaluate the efficacy and side effect profile of the 

drug in several hundred subjects with the disease or condition that the drug is 

intended to treat. This phase can last up to 2 years. 

 

4. Phase III Clinical Studies 

The purpose of this phase is to further evaluate the efficacy profile of the drug, 

and to monitor the study subjects for adverse reactions to the drug. This phase 

includes up to 3000 subjects with the disease or condition that the drug is 

intended to treat, and can last up to 4 years.  

 

5. Postmarketing Studies 

These are studies that are conducted after the drug has been FDA-approved and 

launched onto the market. The FDA may require a drug manufacturer to conduct 

postmarketing studies in order to assess a known serious risk of the drug or to 

identify an unexpected serious risk. 

 

The Biologics Price Competition and Innovation (BPCI) Act of 20097,8 

The BPCI Act was signed into law as part of the Affordable Care Act in 2010. This 

established an abbreviated pathway for biosimilars under section 351(k) of the Public 

Health Service (PHS) Act. As a result, biosimilars could be approved by the FDA based 

on the existing safety and efficacy information of its reference biologic products. The 

intention of the BPCI Act was to promote competition within the biologics market and 

to provide patients with lower cost treatment options. 

 

BLA 351(k) approval pathway for biosimilars9,10 
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The FDA approval of a biosimilar is based on totality of evidence that is collected in a 

step-wise fashion as follows: 

 

1. Analytical Studies 

Analytical studies are laboratory tests that are conducted in order to analyze and 

compare the structure of the biosimilar and its reference product to ensure that 

they are highly similar based on thresholds established by the FDA. 

 

2. Preclinical Studies 

Preclinical studies are conducted in animals to compare the mechanisms of 

action and toxicity profiles of the biosimilar and reference product. 

 

3. Pharmacokinetic and Pharmacodynamic studies 

These are phase I studies conducted in human subjects in order to demonstrate 

that the biosimilar and reference product work similarly in the body.  

▪ Pharmacokinetic studies evaluate how the body processes the drug when 

administered; namely the drug’s absorption, distribution, metabolism, and 

excretion profile. 

▪ Pharmacodynamic studies evaluate how the drug affects the body when 

administered; this is related to the therapeutic effect of the drug. 

▪ Immunogenicity testing may also be conducted through measurement of 

anti-drug antibodies or neutralizing antibodies. 

 

4. Clinical studies 

Some biosimilar products may also include small comparative clinical studies to 

compare the biosimilar and reference product’s safety and efficacy profiles in a 

population with the disease or condition being evaluated.  

 

In the 351(k) approval pathway, the emphasis is not on clinical studies because the 

premise is that if the biosimilar has been shown to be analytically and structurally similar 

to its reference product, then it is expected to have the same clinical effects as the 

reference products when used to treat patients with the disease or condition. Unlike 

biologic reference products, the FDA may approve a biosimilar for an indication without 

direct clinical studies of the biosimilar in that indication. The FDA permits the biosimilar 

manufacturer to use data and information to scientifically justify approval for other 

indications that were not directly studied by the biosimilar manufacturer. This is known 

as extrapolation.  

 

Additionally, the time to development of biosimilars is shorter because their approval 

pathway does not require the extensive and costly phases of clinical testing that 



 

reference products undergo. The abbreviated pathway and shorter timeline to approval 

of biosimilars enables them to be priced lower than their reference products.10 

 

Interchangeable Biosimilars10,11 

An interchangeable biosimilar is required to meet additional requirements prior to FDA 

approval. In addition to meeting the requirements for biosimilarity, the interchangeable 

biosimilar is expected to produce the same clinical result as the reference product in any 

given patient. Also, for a product that is administered more than once to an individual, 

the risk in terms of safety or diminished efficacy of alternating or switching between use 

of the product and its reference product is not greater than the risk of using the 

reference product without such alternation or switch.  

 

An interchangeable product may be substituted for the reference product without the 

involvement of the prescriber. However, there are currently no approved biosimilar 

products that have been designated by the FDA as interchangeable. In May 2019, the 

FDA released a final guidance to industry on the considerations of demonstrating 

interchangeability to a reference product. This guidance is intended to assist 

manufacturers in demonstrating that a biosimilar is interchangeable with a reference 

product. 

 
   Figure 1: Biological product definitions12 

 

 

 



 

FDA APPROVED BIOSIMILARS13-41 

GRANULOCYTE COLONY STIMULATING FACTORS (G-CSFs) 

1. BIOSIMILARS FOR NEUPOGEN 

INDICATIONS 

Indications 

Reference 

Product 
Biosimilars 

Neupogen  Zarxio Nivestym 

Decrease the incidence of infection‚ as manifested 

by febrile neutropenia‚ in patients with non-

myeloid malignancies receiving myelosuppressive 

anti-cancer drugs associated with a significant 

incidence of severe neutropenia with fever 

✔ ✔ ✔ 

Reduce the time to neutrophil recovery and the 

duration of fever, following induction or 

consolidation chemotherapy treatment of patients 

with acute myeloid leukemia (AML) 

✔ ✔ ✔ 

Reference Products Biosimilars 
FDA Approval 

Date 
Launch Date 

Granulocyte Colony Stimulating Factors (G-CSFs) 

Neupogen (filgrastim) Zarxio (filgrastim-sndz) March 2015 September 2015 

Nivestym (filgrastim-aafi) June 2018 September 2018 

Neulasta (pegfilgrastim) Fulphila (pegfilgrastim-jmdb) June 2018 July 2018 

Udenyca (pegfilgrastim-cbqv)  November 2018 January 2019 

Tumor Necrosis Factor Alpha (TNFα) inhibitors 

Humira (adalimumab) Amjevita (adalimumab-atto) September 2016 Not available 

Cyltezo (adalimumab-abdm) August 2017 Not available 

Hyrimoz (adalimumab-adaz)  October 2018 Not available 

Enbrel (etanercept) Erelzi (etanercept-szzs) August 2016 Not available 

Eticovo (etanercept-ykro) April 2019 Not available 

Remicade (infliximab) Inflectra (infliximab-dyyb) April 2016 November 2016 

Renflexis (infliximab-abda) April 2017 August 2017 

Ixifi (infliximab-qbtx) December 2017 Not available 

Erythropoiesis-Stimulating Agents (ESAs) 

Epogen/Procrit (epoetin alfa) Retacrit (epoetin alfa-epbx) May 2018 June 2018 

Human epidermal growth factor receptor 2 (HER2/neu) antagonists 

Herceptin (trastuzumab) Ogivri (trastuzumab-dkst) December /2017 Not available 

Herzuma (trastuzumab-pkrb) December 2018 Not available 

Ontruzant (trastuzumab-dttb) January 2019 Not available 

Trazimera (trastuzumab-qyyp) March 2019 Not available 

Avastin (bevacizumab) Mvasi (bevacizumab-awwb) September 2017 Not available 

Rituxan (rituximab)  Truxima (rituximab-abbs) November 2018 Not available 



 

Reduce the duration of neutropenia and 

neutropenia-related clinical sequelae‚ e.g.‚ febrile 

neutropenia, in patients with non-myeloid 

malignancies undergoing myeloablative 

chemotherapy followed by bone marrow 

transplantation (BMT) 

✔ ✔ ✔ 

Mobilize autologous hematopoietic progenitor 

cells into the peripheral blood for collection by 

leukapheresis 

✔ ✔ ✔ 

Reduce the incidence and duration of sequelae of 

severe neutropenia (e.g.‚ fever‚ infections‚ 

oropharyngeal ulcers) in symptomatic patients with 

congenital neutropenia‚ cyclic neutropenia‚ or 

idiopathic neutropenia 

✔ ✔ ✔ 

Increase survival in patients acutely exposed to 

myelosuppressive doses of radiation 

(Hematopoietic Syndrome of Acute Radiation 

Syndrome 

✔ - - 

 

EFFICACY 

Patients with Cancer Receiving Myelosuppressive Chemotherapy 

The main efficacy endpoint in this clinical study was the incidence of febrile neutropenia. 

Treatment with filgrastim resulted in a clinically and statistically significant reduction in 

the incidence of infection‚ as manifested by febrile neutropenia, 40% for filgrastim-

treated patients and 76% for placebo-treated patients.  

 

Patients with Acute Myeloid Leukemia Receiving Induction or Consolidation 

Chemotherapy 

The main efficacy endpoint in this clinical study was the median duration of severe 

neutropenia. Treatment with filgrastim resulted in a clinically and statistically significant 

reduction in median number of days of severe neutropenia (14 days for filgrastim-

treated patients compared to 19 days for placebo-treated patients). 

 

Patients with Cancer Undergoing Bone Marrow Transplantation 

The main efficacy endpoint in patients with non-Hodgkin’s lymphoma was the duration 

of severe neutropenia. A statistically significant reduction in the median number of days 

of severe neutropenia occurred in the filgrastim-treated groups compared to the control 

group (23 days in the control group‚ 11 days in the 10mcg/kg/day group, and 14 days in 

the 30 mcg/kg/day group). 

 



 

The main efficacy endpoint in a second clinical study was the duration of severe 

neutropenia.  There was a statistically significant reduction in the median number of 

days of severe neutropenia in the filgrastim-treated groups versus the control group 

(21.5 days in the control group versus 10 days in the filgrastim-treated groups). The 

number of days of febrile neutropenia was also reduced significantly in this study (13.5 

days in the control group versus 5 days in the filgrastim-treated groups).   

 

In a third study, a statistically significant reduction in the median number of days of 

severe neutropenia occurred in the treated group versus the control group (19 days in 

the control group and 15 days in the treatment group) and time to recovery of ANC to 

≥500/mm3 (21 days in the control group and 16 days in the treatment group). 

 

Patients Undergoing Autologous Peripheral Blood Progenitor Cell Collection and 

Therapy 

The safety and efficacy of filgrastim to mobilize autologous peripheral blood progenitor 

cells for collection by leukapheresis was supported by the experience in uncontrolled 

trials, and a randomized trial comparing hematopoietic stem cell rescue using filgrastim-

mobilized autologous peripheral blood progenitor cells to autologous bone marrow. 

Two of the 64 patients (3%) did not achieve the criteria for engraftment as defined by a 

platelet count ≥20‚000/mm3 by day 28.   

 

Patients with Severe Chronic Neutropenia 

The safety and efficacy of filgrastim to reduce the incidence and duration of sequelae of 

neutropenia in symptomatic patients with congenital neutropenia‚ cyclic neutropenia‚ or 

idiopathic neutropenia was established in a trial conducted in patients with severe 

neutropenia. The main efficacy endpoint was response to filgrastim treatment. There 

were 112 of 123 patients who demonstrated a complete (median ANC>1,500/mm3) or 

partial response (median ANC≥500/mm3 and ≤1,500/mm3 with a minimum increase of 

100%) to filgrastim treatment.  

 

Safety 
Reference 

Product 
Biosimilars 

Warnings and Precautions Neupogen  Zarxio Nivestym 

Splenic Rupture ✔ ✔ ✔ 

Acute Respiratory Distress Syndrome ✔ ✔ ✔ 

Serious Allergic Reactions ✔ ✔ ✔ 

Sickle Cell Disorders ✔ ✔ ✔ 

Glomerulonephritis ✔ ✔ ✔ 

Alveolar Hemorrhage and Hemoptysis ✔ ✔ ✔ 

Capillary Leak Syndrome ✔ ✔ ✔ 



 

Patients with Severe Chronic Neutropenia ✔ ✔ ✔ 

Thrombocytopenia ✔ ✔ ✔ 

Leukocytosis ✔ ✔ ✔ 

Cutaneous Vasculitis ✔ ✔ ✔ 

Potential Effect on Malignant Cells ✔ ✔ ✔ 

Simultaneous Use with Chemotherapy 

and Radiation Therapy Not 

Recommended 

✔ ✔ ✔ 

Nuclear Imaging ✔ ✔ ✔ 

Aortitis ✔ - ✔ 

 

2. BIOSIMILARS FOR NEULASTA 

INDICATIONS 

Indications 

Reference 

Product 
Biosimilars 

Neulasta Fulphila Udenyca 

Decrease the incidence of infection, as 

manifested by febrile neutropenia, in 

patients with non-myeloid malignancies 

receiving myelosuppressive anti-cancer 

drugs associated with a clinically 

significant incidence of febrile 

neutropenia 

✔ ✔ ✔ 

Increase survival in patients acutely 

exposed to myelosuppressive doses of 

radiation (Hematopoietic Subsyndrome 

of Acute Radiation Syndrome 

✔  - - 

 

EFFICACY 

Patients with Cancer Receiving Myelosuppressive Chemotherapy 

Two clinical studies met the major efficacy outcome measure of demonstrating that the 

mean days of severe neutropenia of pegfilgrastim-treated patients did not exceed that 

of filgrastim-treated patients by more than 1 day in cycle 1 of chemotherapy. The mean 

days of cycle 1 severe neutropenia in Study 1 were 1.8 days in the pegfilgrastim arm 

compared to 1.6 days in the filgrastim arm and in Study 2 were 1.7 days in the 

pegfilgrastim arm compared to 1.6 days in the filgrastim arm.  

 

A third study met the major trial outcome measure of demonstrating that the incidence 

of febrile neutropenia was lower for pegfilgrastim-treated patients as compared to 

placebo-treated patients (1% versus 17%, respectively. The incidence of hospitalizations 



 

(1% versus 14%) and IV anti-infective use (2% versus 10%) for the treatment of febrile 

neutropenia was also lower in the pegfilgrastim-treated patients compared to the 

placebo-treated patients. 

 

SAFETY 

 

Safety 

Reference 

Product 
Biosimilars 

Neulasta Fulphila Udenyca 

Warnings and Precautions 

Splenic Rupture ✔ ✔ ✔ 

Acute Respiratory Distress Syndrome ✔ ✔ ✔ 

Serious Allergic Reactions ✔ ✔ ✔ 

Allergies to Acrylics ✔ - - 

Use in Patients with Sickle Cell Disorders ✔ ✔ ✔ 

Glomerulonephritis ✔ ✔ ✔ 

Leukocytosis ✔ ✔ ✔ 

Capillary Leak Syndrome ✔ ✔ ✔ 

Potential for Tumor Growth Stimulatory 

Effects on Malignant Cells 
✔ ✔ ✔ 

Potential Device Failures ✔ - - 

Aortitis ✔ ✔ ✔ 

Nuclear Imaging ✔ ✔ ✔ 

 

TUMOR NECROSIS FACTOR ALPHA (TNF-α) INHIBITORS 

 

1. BIOSIMILARS FOR HUMIRA 

 

INDICATIONS 

Indications 

Reference 

Product 
Biosimilars 

Humira Cyltezo Amjevita Hyrimoz 

Rheumatoid Arthritis (RA): 

Reducing signs and symptoms, 

inducing major clinical response, 

inhibiting the progression of 

structural damage, and improving 

physical function in patients with 

moderately to severely active RA 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 



 

Juvenile Idiopathic Arthritis (JIA): 

Reducing signs and symptoms of 

patients with moderately to severely 

active polyarticular JIA 

 

  

✔ ≥2 

years 

✔ ≥4 

years 

✔ ≥4 

years 

✔ ≥4 

years 

Psoriatic Arthritis (PsA): Reducing 

signs and symptoms, inhibiting the 

progression of structural damage, and 

improving physical function in 

patients with active PsA 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 

Ankylosing Spondylitis (AS): 

Reducing signs and symptoms in 

patients with active AS 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 

Adult Crohn’s Disease (CD): 

Reducing signs and symptoms and 

inducing and maintaining clinical 

remission in patients with moderately 

to severely active CD who have had 

an inadequate response to 

conventional therapy. Reducing signs 

and symptoms and inducing clinical 

remission in these patients if they 

have also lost response to or are 

intolerant to infliximab 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 

Pediatric Crohn’s Disease: Reducing 

signs and symptoms and inducing 

and maintaining clinical remission in 

patients who have had an inadequate 

response to corticosteroids or 

immunomodulators such as 

azathioprine, 6-mercaptopurine, or 

methotrexate 

✔ ≥6 

years 
- - - 

Ulcerative Colitis: Inducing and 

sustaining clinical remission in 

patients with moderately to severely 

active ulcerative colitis who have had 

an inadequate response to 

Immunosuppressants such as 

corticosteroids, azathioprine or 6-

mercaptopurine (6-MP) 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 

Plaque Psoriasis: Treatment of 

patients with moderate to severe 

chronic plaque psoriasis who are 

candidates for systemic therapy or 

phototherapy, and when other 

systemic therapies are medically less 

appropriate 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 



 

Hidradenitis Suppurativa: Treatment 

of moderate to severe hidradenitis  

✔ ≥12 

years 
- - - 

Uveitis: Treatment of non-infectious 

intermediate, posterior, and 

panuveitis 

✔ ≥2 

years 
- - - 

EFFICACY 

Rheumatoid Arthritis  

Five studies evaluated patients with active rheumatoid arthritis (RA) diagnosed 

according to American College of Rheumatology (ACR) criteria [RA-I to V]. Patients in 

Study RA-I achieved ACR response rates of 65%, 52% and 24%, respectively, compared 

to placebo responses of 13%, 7% and 3% respectively, at 6 months.  Results patients in 

Studies RA-II and III are shown in Table 2. 

 

Table 2: ACR Responses in Studies RA-II and RA-III (% of Patients) 

 

Study RA-II Monotherapy (26 weeks) 

Monotherapy (26 weeks) 

Study RA-III Methotrexate 

Combination (24 and 52 weeks) 

Response 
Placebo 

n=110 

adalimumab 

40mg every 

other week 

n=113 

adalimumab 

40mg 

weekly 

n=103 

Placebo/mtx 

n=200 

adalimumab/mtx 

n=207 

ACR20      

Month 6 19% 46% 53% 30% 63% 

Month 12 NA NA NA 24% 59% 

ACR50      

Month 6 8% 22% 35% 10% 39% 

Month 12 NA NA NA 10% 42% 

ACR70      

Month 6 2% 12% 18% 3% 21% 

Month 12 NA NA NA 5% 23% 

 

The results of the components of the ACR response criteria for Studies RA-II and RA-III 

are shown in Table 3.  

 

 

 

 

 

 



 

Table 3. Components of ACR Response in Studies RA-II and RA-III 

 Study RA-II Study RA-III 

Parameter 

(median) 

Placebo 

n=110 

adalimumab 

40mg every 

other week 

n=113 

Placebo/mtx 

n=200 

adalimumab 

40mg every 

other week 

/mtx 

n=207 

 Baseline Wk 26 Baseline Wk 26 Baseline Wk 24 Baseline Wk 24 

No. of 

tender 

joints 

35 26 31 16 26 15 24 8 

No. of 

swollen 

joints (0-

66) 

19 16 6.6 3.7 6.3 3.5 6.5 2.0 

Physician 

global 

assessment 

(0-10) 

7.0 6.1 6.6 3.7 6.3 3.5 6.5 2.0 

Patient 

global 

assessment 

(0-10) 

7.5 6.3 7.5 4.5 5.4 3.9 5.2 2.0 

Pain (0-10) 7.3 6.1 7.3 4.1 6.0 3.8 5.8 2.1 

Disability 

index 

(HAQ) (0-3) 

2.0 1.9 7.3 4.1 6.0 3.8 5.8 2.1 

CPR 

(mg/dL) 
3.9 4.3 4.6 1.8 1.0 0.9 1.0 0.4 

 

In Study RA-IV, 53% of patients treated with adalimumab 40 mg every other week plus 

standard of care had an ACR 20 response at week 24 compared to 35% on placebo plus 

standard of care. In Study RA-V, 73% of patients treated with adalimumab plus standard 

of care had an ACR 20 response at week 52 compared to 63% on placebo plus standard 

of care 

Juvenile Idiopathic Arthritis  

More patients with active polyarticular juvenile idiopathic arthritis who were treated with 

adalimumab continued to show pediatric ACR 30/50/70 responses at Week 48 

compared to patients treated with placebo.  



 

Psoriatic Arthritis  

Compared to placebo, treatment with adalimumab resulted in improvements in the 

measures of disease activity in patients with psoriatic arthritis. 

 

Table 7: ACR Responses in Studies PsA-I (% of Patients) 

Response 
Placebo 

n=257 

adalimumab 

n=274 

ACR20   

Week 12 14% 548 

Week 24 15% 57% 

ACR50   

Week 12 4% 36% 

Week 24 6% 39% 

ACR70   

Week 12 1% 20% 

Week 24 1% 23% 

 

Table 8. Components of Disease Activity in Study PsA-I 

 Study RA-II 

Parameter 

(median) 

Placebo 

n=162 

adalimumab  

n=151 

 Baseline Wk 24 Baseline Wk 24 

No. of tender 

joints 
23 17 20 5 

No. of swollen 

joints (0-66) 
11 9 11 3 

Physician global 

assessment 

(0-10) 

53 49 55 16 

Patient global 

assessment 

(0-10) 

50 49 48 20 

Pain (0-10) 49 49 54 20 

Disability index  

(0-3) 
1 0.9 1 0.4 

C-Reactive 

Protein (mg/dL) 
0.8 0.7 0.8 0.2 

 



 

Ankylosing Spondylitis  

The safety and efficacy of adalimumab was assessed in patients with active ankylosing 

spondylitis (AS). 

 

Table 10. Components of Ankylosing Spondylitis Disease Activity 

Parameter 

(median) 

Placebo 

n=107 

adalimumab  

n=208 

Response Baseline Wk 24 Baseline Wk 24 

Patient global 

assessment (0-

100) 

65 60 63 38 

BASDAI1 Score 6.3 5.5 6.3 3.7 

BASMI2 Score 4.2 4.1 3.8 3.3 

C-Reactive 

Protein (mg/dL) 
2.2 2.0 1.8 0.6 

1Bath Ankylosing Spondylitis Disease Activity Index 
2 Bath Ankylosing Spondylitis Metrology Index 

 

Adult Crohn’s Disease (CD) 

The safety and efficacy of multiple doses of adalimumab were assessed in patients with 

moderately to severely active CD in two studies, CD-I and II.  

 

Table 11. Induction of Clinical Remission in Studies CD-I and CD-II (% of Patients) 

 CD-I CD-II 

 
Placebo 

n=74 

adalimuma

b 160/80mg 

n=76 

Placebo 

n=166 

adalimumab 

160/80mg 

n=159 

Week 4     

Clinical Remission 12% 36% 7% 21% 

Clinical response 34% 58% 34% 52% 

Maintenance of Clinical Remission 

In Study CD-III at Week 4, 58% of patients were in clinical response and were assessed in 

the primary analysis. At Weeks 26 and 56, greater proportions of patients who were in 

clinical response at Week 4 achieved clinical remission in the adalimumab 40 mg every 

other week maintenance group compared to patients in the placebo maintenance 

group. 

 

 

 

 



 

Table 12. Maintenance of Clinical Remission in CD-III (% of Patients) 

 CD-I 

 

Placebo 

n=170 

adalimumab 

40mg every other 

week 

n=172 

Week 26   

Clinical Remission 17% 40% 

Clinical response 28% 584 

Week 56   

Clinical Remission 12% 36% 

Clinical response 18% 43% 

 

Ulcerative Colitis 

In Studies UC-I and II patients that were treated with adalimumab compared to patients 

treated with placebo achieved induction of clinical remission. In Study UC-II, a greater 

percentage of the patients treated with adalimumab achieved sustained clinical 

remission compared to patients treated with placebo. 

Table 13: Induction of Clinical Remission in Studies UC-I and UC-II and Sustained 

Clinical Remission in Study UC-II (% of Patients) 

 

 UC-I UC-II 

 

Placebo 

n=130 

adalimuma

b 

160/80mg 

n=130 

Placebo 

n=246 

adalimum

ab 

160/80mg 

n=248 

Induction of Clinical 

Remission (Week 8) 
9.2% 18.5% 16.5% 7.2% 

Sustained Clinical 

Remission (Weeks 8 and 

52) 

- - 8.5% 4.4% 

 

Plaque Psoriasis  

Studies Ps-I and PS-II evaluated the proportion of subjects who achieved clear or 

minimal disease on the 6-point Physician’s Global Assessment (PGA) scale and the 

proportion of subjects who achieved a reduction in Psoriasis Area Severity Index (PASI) 

score of at least 75% (PASI 75) from baseline at Week 16. 

 

 



 

Table 14: Efficacy Results at 16 Weeks in Number of Subjects (%) 

 Ps-I Ps-II 

 adalimumab 

40mg every 

other week 

n=814 

Placebo 

n=398 

adalimumab 

40mg every 

other week 

n=99 

Placebo 

n=48 

Physician Global Assessment 

(clear or minimal)  
506 (62%) 17 (4%) 70 (71%) 5 (10%) 

PASI 75 578 (71%) 26 (7%) 77 (78% 9 (19%) 

 

SAFETY 

Safety 
Reference 

Product 
Biosimilars 

 Humira Cyltezo Amjevita Hyrimoz 

Black Box Warnings 

Serious Infections ✔ ✔ ✔ ✔ 

Malignancy  ✔ ✔ ✔ ✔ 

Warnings & Precautions 

Hypersensitivity Reactions ✔ ✔ ✔ ✔ 

Hepatitis B Virus Reactivation ✔ ✔ ✔ ✔ 

Neurologic Reactions ✔ ✔ ✔ ✔ 

Hematological Reactions ✔ ✔ ✔ ✔ 

Use with Anakinra  ✔ ✔ ✔ ✔ 

Heart Failure     

Autoimmunity ✔ ✔ ✔ ✔ 

Immunization ✔ ✔ ✔ ✔ 

Use with Abatacept ✔ ✔ ✔ ✔ 

 

 

2. BIOSIMILARS FOR ENBREL 

INDICATIONS 

Indications 

Reference 

Product 
Biosimilars 

Enbrel Erelzi Eticovo 

Rheumatoid Arthritis ✔ ≥18 years ✔ ≥18 years ✔ ≥18 years 

Polyarticular Juvenile 

Idiopathic Arthritis 
✔ ≥2 years ✔ ≥2 years ✔ ≥2 years 

Psoriatic Arthritis  ✔ ≥18 years ✔ ≥18 years ✔ ≥18 years 

Ankylosing Spondylitis ✔ ≥18 years ✔ ≥18 years ✔ ≥18 years 

Plaque Psoriasis  ✔ ≥4 years ✔ ≥18 years ✔ ≥4 years 



 

 

EFFICACY 

Rheumatoid Arthritis  

The safety and efficacy of etanercept were assessed in four studies.  The results were 

expressed in percentage of patients with improvement in RA using ACR response 

criteria.  

 

Table 15: ACR Responses in Studies I-III (% of Patients) 

 Placebo Controlled 

 Study I Study II Study III 

Response 
Placebo 

n=80 

etanercept 

n=78 

mtx/placebo 

n=30 

mtx/ 

etanercept 

n=59 

mtx 

n=217 

etanercept 

n=207 

ACR20       

Month 3 23% 62% 33% 66% 56% 62% 

Month 6 11% 59% 27% 71% 58% 65% 

Month 12 NA NA NA NA 65% 72% 

ACR50       

Month 3 8% 41% 0% 42% 24% 29% 

Month 6 5% 40% 3% 39% 32% 40% 

Month 12 NA NA NA NA 43% 49% 

ACR70       

Month 3 4% 15% 0% 15% 7% 13% 

Month 6 1% 15% 0% 15% 14% 21% 

Month 12 NA NA NA NA 22% 25% 

 

Table 15: ACR Responses in Study IV (% of Patients) 

Endpoint 
mtx 

n=228 

etanercept 

n=223 

mtx/ 

etanercept 

n=231 

ACR20    

Month 12 59% 66% 75% 

ACR50    

Month 12 36% 43% 63% 

ACR70    

Month 12 17% 22% 40% 

 

 

 

 

 

 



 

Table 16. Components of ACR Response in Study I 

 Placebo 

n=80 

etanercept 

n=78 

Parameter (median) Baseline 3 months Baseline 3 months 

No. of tender joints (0-71) 34 30 31 10 

No. of swollen joints (0-68) 24 22 24 13 

Physician global assessment (0-10) 7 7 7 3 

Patient global assessment (0-10) 7 7 7 3 

Pain (0-10) 7 7 7 2 

Disability index (0-3) 1.7 1.8 1.6 1 

Erythrocyte Sedimentation Rate 

(mm/hr) 
31 32 28 16 

C-Reactive Protein (mg/dL) 2.8 3.9 3.5 0.9 

 

Polyarticular Juvenile Idiopathic Arthritis (JIA)  

The safety and efficacy of etanercept were assessed in a 2-part study in children with 

polyarticular JIA. In part 1 of the study, 74% patients demonstrated a clinical response 

and entered part 2. In part 2, 24% patients remaining on etanercept experienced a 

disease flare compared to 77% patients receiving placebo. 

Ankylosing Spondylitis 

The primary measure of efficacy was a 20% improvement in the Assessment in 

Ankylosing Spondylitis (ASAS) response criteria. Compared to placebo, treatment with 

etanercept resulted in improvements in the ASAS and other measures of disease activity. 

At 12 weeks, the ASAS 20/50/70 responses were achieved by 60%, 45%, and 29%, 

respectively, of patients receiving etanercept, compared to 27%, 13%, and 7%, 

respectively, of patients receiving placebo. 

 

 

 

 

 

 

 

 



 

SAFETY 

Safety 

Reference 

Product 
Biosimilars 

Enbrel Erelzi Eticovo 

Serious Infections ✔ ✔ ✔ 

Malignancy  ✔ ✔ ✔ 

Neurologic Reactions ✔ ✔ ✔ 

Patients with Heart Failure ✔ ✔ ✔ 

Hematological Reactions ✔ ✔ ✔ 

Hepatitis B Virus Reactivation ✔ ✔ ✔ 

Allergic Reactions ✔ ✔ ✔ 

Immunizations ✔ ✔ ✔ 

Autoimmunity ✔ ✔ ✔ 

Immunosuppression ✔ ✔ ✔ 

Use in Wegener’s Granulomatosis 

Patients 

✔ ✔ ✔ 

Use with Anakinra or Abatacept ✔ ✔ ✔ 

Use in Patients with Moderate to 

Severe Alcoholic Hepatitis 

✔ ✔ ✔ 

 

3. BIOSIMILARS FOR REMICADE 

 

INDICATIONS 

Indications 
Reference Product Biosimilars 

Remicade Inflectra Renflexis Ixifi 

Adult Crohn's Disease: reducing 

signs and symptoms and inducing 

and maintaining clinical remission 

in adult patients with moderately to 

severely active disease who have 

had an inadequate response to 

conventional therapy. Reducing the 

number of draining 

enterocutaneous and rectovaginal 

fistulas and maintaining fistula 

closure in adult patients with 

fistulizing disease 

 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 



 

Pediatric Crohn's Disease: 

reducing signs and symptoms and 

inducing and maintaining clinical 

remission in pediatric patients with 

moderately to severely active 

disease who have had an 

inadequate response to 

conventional therapy 

✔ ≥6 

years 

✔ ≥6 

years 

✔ ≥6 

years 

✔ ≥6 

years 

Adult Ulcerative Colitis: reducing 

signs and symptoms, inducing and 

maintaining clinical remission and 

mucosal healing, and eliminating 

corticosteroid use in adult patients 

with moderately to severely active 

disease who have had an 

inadequate response to 

conventional therapy. 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 

Pediatric Ulcerative Colitis: 

reducing signs and symptoms and 

inducing and maintaining clinical 

remission in pediatric patients with 

moderately to severely active 

disease who have had an 

inadequate response to 

conventional therapy 

✔ ≥6 

years 
- - - 

Rheumatoid Arthritis in 

combination with methotrexate: 

reducing signs and symptoms, 

inhibiting the progression of 

structural damage, and improving 

physical function in patients with 

moderately to severely active 

disease.  

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 

Ankylosing Spondylitis: reducing 

signs and symptoms in patients 

with active disease 

 

 

 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 



 

Psoriatic Arthritis: reducing signs 

and symptoms of active arthritis, 

inhibiting the progression of 

structural damage, and improving 

physical function. 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 

Plaque Psoriasis: treatment of 

patients with chronic severe (i.e., 

extensive and/or disabling) plaque 

psoriasis who are candidates for 

systemic therapy and when other 

systemic therapies are medically 

less appropriate 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 

✔ ≥18 

years 

 

EFFICACY 

Crohn's Disease 

In a single-dose trial, 16% of placebo patients achieved a clinical response at Week 4 vs. 

81% of patients receiving 5 mg/kg infliximab. Additionally, 4% of placebo patients and 

48% of patients receiving 5 mg/kg of infliximab achieved clinical remission at Week 4. In 

a multidose trial, 57% of patients were in clinical response at Week 2. At Week 30, 39% 

patients in the 5 mg/kg and 46% of patients in the 10 mg/kg maintenance groups 

achieved clinical remission compared to (25%) patients in the placebo maintenance 

group. 

 

Pediatric Crohn's Disease 

At Week 10, 88% of patients were in clinical response and 59% were in clinical remission. 

At both Week 30 and Week 54, the proportion of patients in clinical response was 

greater in the every 8-week treatment group than in the every 12-week treatment group 

(73% vs. 47% at Week 30, and 64% vs. 33% at Week 54). At both Week 30 and Week 54, 

the proportion of patients in clinical remission was also greater in the every 8-week 

treatment group than in the every 12-week treatment group (60% vs. 35% at Week 30, 

and 56% vs. 24% at Week 54).  

 

Ulcerative Colitis 

Greater percentages of patients in the infliximab groups achieved clinical response, 

clinical remission and mucosal healing than in the placebo groups. In addition, a greater 

proportion of patients in infliximab groups demonstrated sustained response and 

sustained remission than in the placebo groups.  

 

 



 

Table 17. Response, remission and mucosal healing in Ulcerative Colitis studies 

 Study UC I Study UC II 

 
Placebo 

n=121 

5 mg/kg  

Infliximab 

n=121 

10 mg/kg  

inflixima

b 

n=122 

Placebo 

n=123 

5 mg/kg  

Infliximab 

n=121 

10 mg/kg  

inflixima

b 

n=120 

Clinical Response       

Week 8 37% 69% 62% 29% 65% 69% 

Week 30 30% 52% 51% 26% 47% 60% 

Week 54 20% 45% 44% NA NA NA 

Sustained Response       

Clinical Response at 

week 8 and 30 
23% 49% 46% 15% 41% 53% 

Clinical Response at 

week 8, 30 and 54 
14% 39% 37% NA NA NA 

Clinical Remission       

Week 8 15% 39% 32% 6% 34% 28% 

Week 30 16% 34% 37% 11% 26% 36% 

Week 54 17% 35% 34% NA NA NA 

Sustained 

Remission 
      

Clinical Remission at 

week 8 and 30 
8% 23% 26% 2% 15% 23% 

Clinical Response at 

week 8, 30 and 54 
7% 20% 20% NA NA NA 

Mucosal Healing       

Week 8 34% 62% 59% 31% 60% 62% 

Week 30 25% 50% 49% 30% 46% 57% 

Week 54 18% 45% 47% NA NA NA 

 

Rheumatoid Arthritis 

In Study RA I, infliximab + MTX resulted in improvement in signs and symptoms as 

measured by the American College of Rheumatology response criteria (ACR 20) with a 

higher percentage of patients achieving an ACR 20, 50 and 70 compared to placebo + 

MTX. In Study RA II, after 54 weeks of treatment, both doses of infliximab + MTX 

resulted in statistically significantly greater response in signs and symptoms compared 

to MTX alone as measured by the proportion of patients achieving ACR 20, 50 and 70 

responses. 

 

 



 

Table 18: ACR Responses in Study IV (% of Patients) 

 Study RA I Study RA II 

  infliximab + MTX  infliximab + MTX 

  3 mg/kg 10 mg/kg  3 mg/kg 6 mg/kg 

Endpoint 

Placebo+

mtx 

n=88 

Q8wks 

n=86 

Q4wks 

n=86 

Q8wks 

n=87 

Q4wks 

n=81 

Placebo+

mtx 

n=88 

Q8wks 

n=86 

Q8wks 

n=86 

ACR20         

Week 30 20% 50% 50% 52% 58% NA NA NA 

Week 54 17% 42% 48% 59% 59% 54% 62% 66% 

ACR50         

Week 30 5% 27% 29% 31% 26% NA NA NA 

Week 54 9% 21% 34% 40% 38% 32% 46% 50% 

ACR70         

Week 30 0% 8% 11% 18% 11% NA NA NA 

Week 54 2% 11% 18% 26% 19% 21% 32% 37% 

 

Table 19. Components of ACR 20 

 Placebo+mtx 

n=88 

infliximab + MTX 

 n=340 

Parameter 

(median) 
Baseline Week 54 Baseline Week 54 

No. of tender 

joints  
24 16 32 8 

No. of swollen 

joints  
19 13 20 7 

Pain (0-10) 7 6 7 3 

Physician global 

assessment 

(0-10) 

7 5 6 2 

Patient global 

assessment 

(0-10) 

7 6 6 3 

Disability index  

(0-3) 
1.8 1.5 1.8 1.3 

C-Reactive Protein 

(mg/dL) 
3.0 2.3 2.4 0.6 

 

 

 



 

Ankylosing Spondylitis 

At 24 weeks, improvement in the signs and symptoms of ankylosing spondylitis, as 

measured by the proportion of patients achieving a 20% improvement in ASAS response 

criteria (ASAS 20), was seen in 60% of patients in infliximab group vs. 18% of patients in 

the placebo group. 

 

Psoriatic Arthritis 

Treatment with infliximab resulted in improvement in signs and symptoms, as assessed 

by the ACR criteria, with 58% of patients treated with infliximab achieving ACR 20 at 

Week 14, compared with 11% of placebo-treated patients. At 6 months, the ACR 

20/50/70 responses were achieved by 54%, 41%, and 27%, respectively, of patients 

receiving infliximab compared to 16%, 4%, and 2%, respectively, of patients receiving 

placebo.  

 

Plaque Psoriasis 

The primary endpoint was the proportion of patients who achieved a reduction in score 

of at least 75% from baseline at Week 10 by the PASI (PASI 75). In Study I and Study III, 

another evaluated outcome included the proportion of patients who achieved a score of 

"cleared" or "minimal" by the sPGA. The sPGA is a 6-category scale ranging from "5 = 

severe" to "0 = cleared" indicating the physician's overall assessment of the psoriasis 

severity focusing on induration, erythema, and scaling. Treatment success, defined as 

"cleared" or "minimal," consisted of none or minimal elevation in plaque, up to faint red 

coloration in erythema, and none or minimal fine scale over <5% of the plaque. Study II 

also evaluated the proportion of patients who achieved a score of "clear" or "excellent" 

by the relative Physician's Global Assessment (rPGA). The rPGA is a 6-category scale 

ranging from "6 = worse" to "1 = clear" that was assessed relative to baseline.  

 

Table 14: Efficacy Results at 10 Weeks in Number of Subjects (%) 

  infliximab 

Placebo 3 mg/kg 5 mg/kg 

Study I n=77 - n=301 

PASI 75 2 (3%) - 242 (80%) 

sPGA 3 (4%) - 242 (80%) 

Study II n=208 n=313 n=314 

PASI 75 4 (2%) 220 (70%) 237 (75%) 

rPGA 2 (1%) 217 (69%) 234 (75%) 

Study III n=51 n=99 n=99 

PASI 75 3 (6%) 71 (72%) 87 (88%) 

sPGA 5 (10%) 71 (72%) 89 (90%) 



 

SAFETY 

Safety 

Reference 

Product 
Biosimilars 

Remicade Inflectra Renflexis Ixifi 

Black Box Warnings 

Serious Infections ✔ ✔ ✔ ✔ 

Malignancy  ✔ ✔ ✔ ✔ 

Warnings & Precautions 

Hepatitis B Virus 

Reactivation 

✔ ✔ ✔ ✔ 

Hepatotoxicity ✔ ✔ ✔ ✔ 

Patients with Heart 

Failure 

✔ ✔ ✔ ✔ 

Hematological 

Reactions 

✔ ✔ ✔ ✔ 

Hypersensitivity  ✔ ✔ ✔ ✔ 

Cardiovascular and 

Cerebrovascular 

Reactions During 

and After Infusion 

✔ ✔ ✔ ✔ 

Neurologic 

Reactions 

✔ ✔ ✔ ✔ 

Use with Anakinra  ✔ ✔ ✔ ✔ 

Use with Abatacept ✔ ✔ ✔ ✔ 

Concurrent 

Administration with 

other Biological 

Therapeutics 

✔ ✔ ✔ ✔ 

Switching Between 

Biological Disease-

Modifying 

Antirheumatic Drugs 

(DMARDs) 

✔ ✔ ✔ ✔ 

Autoimmunity ✔ ✔ ✔ ✔ 

Live 

Vaccines/Therapeutic 

Infectious Agents 

✔ ✔ ✔ ✔ 

 

 

http://labeling.pfizer.com/ShowLabeling.aspx?id=9271#section-5.8
http://labeling.pfizer.com/ShowLabeling.aspx?id=9271#section-5.8
http://labeling.pfizer.com/ShowLabeling.aspx?id=9271#section-5.8
http://labeling.pfizer.com/ShowLabeling.aspx?id=9271#section-5.8


 

ERYTHROPOIESIS-STIMULATING AGENTS (ESAs) 

 

1. BIOSIMILARS FOR EPOGEN & PROCRIT 

INDICATIONS 

Indications 
Reference Products Biosimilar 

Epogen Procrit Retacrit 

Treatment of anemia due to:     

• Chronic Kidney Disease 

(CKD) in patients on 

dialysis and not on 

dialysis 

✔ ✔ ✔ 

• Zidovudine in patients 

with HIV-infection 

✔ ✔ ✔ 

• The effects of 

concomitant 

myelosuppressive 

chemotherapy, and upon 

initiation, there is a 

minimum of two 

additional months of 

planned chemotherapy 

✔ ✔ ✔ 

Reduction of allogeneic RBC 

transfusions in patients 

undergoing elective, 

noncardiac, nonvascular 

surgery 

✔ ✔ ✔ 

 

EFFICACY 

Patients with Chronic Kidney Disease 

Epoetin alfa increased hemoglobin levels and decreased the need for RBC transfusion. 

Overall, more than 95% of patients were RBC transfusion-independent after receiving 

epoetin alfa for 3 months. The safety and efficacy of epoetin alfa were evaluated in 13 

clinical studies involving IV administration to patients on dialysis with anemia. Overall, 

more than 90% of the patients treated with epoetin alfa experienced improvement in 

hemoglobin concentrations.  

 

Zidovudine-treated Patients with HIV-Infection 

Epoetin alfa reduced the mean cumulative number of units of blood transfused per 

patient by approximately 40% as compared to the placebo group. Among those patients 



 

who required RBC transfusions at baseline, 43% of patients treated with epoetin alfa 

versus 18% of placebo-treated patients were RBC transfusion-independent during the 

second and third months of therapy.  

 

Patients with Cancer on Chemotherapy 

In Study C1, 14% of patients treated with epoetin alfa were transfused compared to 28% 

of patients on placebo. In Study C2, there were fewer RBC transfusions from week 5 

through the end-of-study in epoetin alfa-treated patients (51%) compared to placebo-

treated patients (69%). 

 

Surgery Patients 

The safety and efficacy of epoetin alfa were evaluated in patients scheduled for major, 

elective orthopedic hip or knee surgery who were expected to require ≥ 2 units of blood 

and who were not able or willing to participate in an autologous blood donation 

program. Treatment with epoetin alfa reduced the risk of allogeneic RBC transfusion in 

patients with a pretreatment hemoglobin of > 10 to ≤ 13 g/dL; 16% of patients treated 

with epoetin alfa 300 Units/kg, 23% of patients treated with epoetin alfa 100 Units/kg, 

and 45% of placebo-treated patients were transfused. 

 

Safety 
Reference Products Biosimilar 

Epogen Procrit Retacrit 

Black Box Warnings 

Increased Mortality, Myocardial 

Infarction, Stroke, and 

Thromboembolism 

✔ ✔ ✔ 

Increased Mortality and/or Increased 

Risk of Tumor Progression or 

Recurrence in Patients with Cancer 

✔ ✔ ✔ 

Warnings and Precautions 

Hypertension ✔ ✔ ✔ 

Seizures ✔ ✔ ✔ 

Lack or Loss of Hemoglobin Response  ✔ ✔ ✔ 

Pure Red Cell Aplasia ✔ ✔ ✔ 

Serious Allergic Reactions ✔ ✔ ✔ 

Severe Cutaneous Reactions ✔ ✔ ✔ 

Risk of Serious Adverse Reactions Due 

to Benzyl Alcohol Preservative 

✔ ✔ - 

Risk of Infectious Diseases Due to 

Albumin (Human) Content 

✔ ✔ - 

Dialysis Management ✔ ✔ ✔ 

Risk in Patients with Phenylketonuria - - ✔ 

 

 



 

HUMAN EPIDERMAL GROWTH FACTOR RECEPTOR 2 (HER2/NEU) ANTAGONISTS 

 

1. BIOSIMILARS FOR HERCEPTIN 

INDICATIONS 

Indications 

Reference 

Product 

 
Biosimilars 

Herceptin Ogivri Herzuma Ontruzant Trazimera 

HER2-

overexpressing 

breast cancer 

✔ ✔ ✔ ✔ ✔ 

HER2-

overexpressing 

metastatic gastric 

or 

gastroesophageal 

junction 

adenocarcinoma 

✔ ✔ - ✔ ✔ 

 

EFFICACY 

Metastatic Breast Cancer 

Patients with previously untreated metastatic breast cancer who were randomized to 

trastuzumab and chemotherapy experienced a significantly longer median time to 

disease progression, a higher overall response rate (ORR), and a longer median duration 

of response, as compared with patients randomized to chemotherapy alone. The ORR 

(complete response + partial response) in patients with previously treated breast cancer 

was 14%, with a 2% complete response rate and a 12% partial response rate. 

 

Metastatic Gastric Cancer  

The safety and efficacy of trastuzumab in combination with cisplatin and a 

fluoropyrimidine were studied in patients previously untreated for metastatic gastric or 

gastroesophageal junction adenocarcinoma. The median overall survival for patients 

treated with trastuzumab in combination with cisplatin and a fluoropyrimidine was 13.1 

months compared to 11.7 months for those treated with trastuzumab and 

chemotherapy.  

 

 

 

 



 

SAFETY 

Safety 

Reference 

Product 

Biosimilars 

Herceptin Ogivri Herzuma Ontruzant Trazimera 

Black Box Warnings      

Cardiomyopathy ✔ ✔ ✔ ✔ ✔ 

Infusion Reactions ✔ ✔ ✔ ✔ ✔ 

Embryo-Fetal Toxicity ✔ ✔ ✔ ✔ ✔ 

Pulmonary Toxicity   ✔ ✔ ✔ ✔ ✔ 

Warnings and 

Precautions 

   ✔ ✔ 

Exacerbation of 

Chemotherapy-Induced 

Neutropenia 

✔ ✔ ✔ ✔ ✔ 

 

2. BIOSIMILARS FOR AVASTIN INDICATIONS 

Indications 

Reference 

Product 
Biosimilar 

Avastin Mvasi 

Metastatic colorectal cancer, in combination with IV 5-

fluorouracil-based chemotherapy for first-or second-line treatment 
✔ ✔ 

Metastatic colorectal cancer, in combination with 

fluoropyrimidine-irinotecan-or fluoropyrimidine-oxaliplatin-based 

chemotherapy for second-line treatment in patients who have 

progressed on a first-line bevacizumab-containing regimen 

✔ ✔ 

Non-Squamous Non–Small Cell Lung Cancer (NSCLC): first-line 

treatment of unresectable, locally advanced, recurrent or 

metastatic non–squamous non–small cell lung cancer in 

combination with carboplatin and paclitaxel. 

✔ ✔ 

Glioblastoma: treatment of glioblastoma with progressive disease 

in adult patients following prior therapy as a single agent 
✔ ✔ 

Metastatic Renal Cell Carcinoma (mRCC): treatment of 

metastatic renal cell carcinoma in combination with interferon alfa 
✔ ✔ 

Persistent, Recurrent, or Metastatic Carcinoma of the Cervix: in 

combination with paclitaxel and cisplatin or paclitaxel and 

topotecan is indicated for the treatment of persistent, recurrent, or 

metastatic carcinoma of the cervix 

✔ ✔ 

Epithelial Ovarian, Fallopian Tube, or Primary Peritoneal 

Cancer 
✔ - 

 

 



 

EFFICACY 

Metastatic Colorectal Cancer (mCRC) 

Patients who were treated with IFL (irinotecan, 5-FU, and leucovorin) + placebo had an 

overall response rate of 35% compared to a response rate of 45% in patients treated 

with IFL + bevacizumab. 

  

Unresectable Non–Squamous Non–Small Cell Lung Cancer (NSCLC) 

The overall survival (OS) was statistically significantly higher among patients receiving 

paclitaxel + carboplatin (PC) plus bevacizumab compared with those receiving PC alone; 

median OS was 12.3 months vs. 10.3 months. 

 

Glioblastoma 

The efficacy of bevacizumab was supported by an objective response rate of 19.6% and 

a median duration of response of 3.9 months in a single-arm patient study. 

 

Metastatic Renal Cell Carcinoma (mRCC)  

Progression Free Survival (PFS) was statistically significantly prolonged among patients 

receiving bevacizumab plus interferon alfa 2a compared to those receiving s interferon 

alfa 2a alone; median PFS was 10.2 months vs. 5.4 months. 

 

Persistent, Recurrent, or Metastatic Carcinoma of the Cervix 

The overall response rate was higher in patients who received chemotherapy plus 

bevacizumab (45%) than in patients who received chemotherapy alone (34%). 

 

SAFETY 

Safety 

Reference 

Product 
Biosimilar 

Avastin Mvasi 

Black Box Warnings 

Gastrointestinal Perforations and Fistulae ✔  ✔  

Surgery and Wound Healing Complication ✔  ✔  

Hemorrhage ✔  ✔  

Warnings and Precautions 

Arterial Thromboembolic Events ✔  ✔  

Venous Thromboembolic Events ✔  ✔  

Hypertension ✔  ✔  

Posterior Reversible Encephalopathy Syndrome  ✔  ✔  

Renal Injury and Proteinuria ✔  ✔  

Infusion Reactions ✔  ✔  

Embryo-Fetal Toxicity ✔  ✔  

Ovarian Failure ✔  ✔  

Congestive Heart Failure ✔  ✔  



 

3. BIOSIMILARS FOR RITUXAN INDICATIONS 

Indications 
Reference Product Biosimilar 

Rituxan Truxima 

Non-Hodgkin’s Lymphoma:   

• Relapsed or refractory, low-grade or follicular, 

CD20-positive, B-cell NHL as a single agent. 
✔ ✔ 

• Previously untreated follicular, CD20-positive, 

B-cell NHL in combination with first line 

chemotherapy and, in patients achieving a 

complete or partial response to a rituximab 

product in combination with chemotherapy, as 

single-agent maintenance therapy. 

✔ ✔ 

• Non-progressing (including stable disease), 

low-grade, CD20-positive, B-cell NHL as a 

single agent after first-line cyclophosphamide, 

vincristine, and prednisone (CVP) 

chemotherapy. 

✔ ✔ 

• Previously untreated diffuse large B-cell, CD20-

positive NHL in combination with 

(cyclophosphamide, doxorubicin, vincristine, 

and prednisone) (CHOP) or other 

anthracycline-based chemotherapy regimens 

✔ - 

Chronic Lymphocytic Leukemia: Previously 

untreated and previously treated CD20-positive 

CLL in combination with fludarabine and 

cyclophosphamide (FC 

✔ - 

Rheumatoid Arthritis (RA) in combination with 

methotrexate in adult patients with moderately-to 

severely-active RA who have inadequate response 

to one or more TNF antagonist therapies 

✔ - 

Granulomatosis with Polyangiitis, Wegener’s 

Granulomatosis and Microscopic Polyangiitis 
✔ - 

Pemphigus Vulgaris  ✔ - 

 

EFFICACY 

Relapsed or Refractory, Low-Grade or Follicular, CD20-Positive, B-Cell NHL 

The safety and effectiveness of rituximab in relapsed, refractory CD20+ NHL were 

demonstrated in 3 single-arm studies. The overall response rate was between 36% and 

48% with a complete response rate of 3% to 14% across all 3 studies. 

 

 

 



 

Previously Untreated, Low-Grade or Follicular, CD20-Positive, B-Cell NHL 

A total of 322 patients with previously untreated follicular NHL were randomized to 

receive CVP chemotherapy alone (CVP) or in combination with rituximab on Day 1 of 

each cycle (R-CVP) in an open-label. The median progression free survival for patients 

treated with R-CVP was 2.4 months compared to 1.4 months for those treated with CVP. 

 

SAFETY 

Safety 

Reference 

Product 
Biosimilar 

Rituxan Truxima 

Black Box Warnings 

Fatal infusion reactions ✔  ✔  

Severe mucocutaneous 

reaction 

✔  ✔  

Hepatitis B virus (HBV) 

reactivation 

✔  ✔  

Progressive multifocal 

leukoencephalopathy  

  

Warnings and Precautions 

Tumor Lysis Syndrome 
✔  

 

✔  

Infections ✔  ✔  

Cardiovascular Adverse 

Reactions 

✔  ✔  

Renal Toxicity ✔  ✔  

Bowel Obstruction and 

Perforation 

✔  ✔  

Immunization ✔  ✔  

Embryo-Fetal Toxicity ✔  ✔  

 

 

 

 

 

 

 

 

 

 

 



 

COST COMPARISON  

 

ADVANTAGES OF BIOSIMILARS 

• Cost 

 Biosimilars 
Average Wholesale 

Price/Unit 

Reference product Neupogen (filgrastim) 

$400 (300mcg syringe) 

$638 (480mcg syringe) 

$378 (300mcg vial) 

$602 (480mcg vial) 

Biosimilars for Neupogen 

Zarxio (filgrastim-sndz) 
$331 (300mcg syringe) 

$527 (480mcg syringe) 

Nivestym (filgrastim-aafi) 
$263 (300mcg syringe) 

$420 (480mcg syringe) 

Reference product Neulasta (pegfilgrastim) $7,477/syringe or kit 

Biosimilars for Neulasta 
Fulphila (pegfilgrastim-jmdb) $5,010/syringe 

Udenyca (pegfilgrastim-cbqv)  $5,010/syringe 

Reference product Humira (adalimumab) $2,923/syringe (40 mg) 

Biosimilars for Humira 

Amjevita (adalimumab-atto) Not available 

Cyltezo (adalimumab-abdm) Not available 

Hyrimoz (adalimumab-adaz)  Not available 

Reference product Enbrel (etanercept) $1,491/syringe (50 mg) 

Biosimilars for Enbrel 
Erelzi (etanercept-szzs) Not available 

Eticovo (etanercept-ykro) Not available 

Reference product Remicade (infliximab) $1,401 (100 mg vial) 

Biosimilars for Remicade 

Inflectra (infliximab-dyyb) $1,136 (100 mg vial) 

Renflexis (infliximab-abda) $904 (100 mg vial) 

Ixifi (infliximab-qbtx) Not available 

Reference products 

Epogen (epoetin alfa) 
$40/mL (2,000-unit vial) to 

$398/mL (20,000-unit vial) 

Procrit (epoetin alfa) 
$62/mL (2,000-unit vial) to 

$1,235/mL (40,000-unit vial) 

Biosimilar for Epogen/Procrit Retacrit (epoetin alfa-epbx) 
$27/mL (2,000-unit vial) to 

$529/mL (40,000-unit vial) 

Reference product Herceptin (trastuzumab) 
$1,558 (150mg vial) 

$5,486 (440mg vial) 

Biosimilars for Herceptin 

Ogivri (trastuzumab-dkst) Not available 

Herzuma (trastuzumab-pkrb) Not available 

Ontruzant (trastuzumab-dttb) Not available 

Trazimera (trastuzumab-qyyp) Not available 

Reference product Avastin (bevacizumab) $797 (4mL vial) 

Biosimilar for Avastin Mvasi (bevacizumab-awwb) Not available 

Reference product Rituxan (rituximab) $940 (10mL vial) 

Biosimilar for Rituxan Truxima (rituximab-abbs) Not available 



 

One of the main advantages of biosimilars is they are priced lower than reference 

products. This provides cost savings not only from a client spend perspective, but 

may lead to lower out-of-pocket costs for patients in terms of drug copayments. 

• More treatment choices 

Biosimilars expand the number of treatments available to manage various 

complex and chronic diseases. This provides prescribers and patients more 

treatment options to choose from. 

• Foster competition in the biologics market 

Biosimilars help to encourage competition within one of the most expensive, 

fastest growing drug class in the U.S. market. 

DISADVANTAGES OF BIOSIMILARS 

• Limited clinical studies  

Since the FDA approval pathway for biosimilars is abbreviated and requires 

mainly analytical studies, as well as pharmacokinetic, and pharmacodynamic 

studies for approval. The FDA may require small clinical studies for approval, if 

any. This may raise doubts about the efficacy of biosimilars in a larger patient 

population. 

 

• Extrapolation of indications 

Since the FDA allows extrapolation of indications for which biosimilars have not 

been studies, providers may not prescribe biosimilars for patient populations in 

which biosimilars have not been extensively studied. An example includes 

oncology indications. 

 

• Misaligned indications 

In some cases, biosimilars do not have the same indications as their reference 

products, which may necessitate off-label use for certain indications or when 

patients have comorbidities. 

 

• Variations in dosage forms  

Some biosimilars are not available in the same dosage forms as their reference 

products. An example is Neulasta and its biosimilars Fulphila and Udenyca. 

Neulasta is available as prefilled syringe as well as an Onpro on-body injector. 

The injector is applied to the patient’s skin during their chemotherapy 

appointment. The injector delivers pegfilgrastim 27 hours after application and 

allows the patient to go home after chemotherapy treatment without the need to 

return to the clinic the next day to receive filgrastim. In contrast, the biosimilars 



 

are not available as the Onpro device, and patients are required to return the day 

after chemotherapy for filgrastim treatment. This may be a burden for patients 

with barriers to access and/or transportation issues.  

 

CHALLENGES TO ADOPTION OF BIOSIMILARS 

Various factors may have contributed to the slow uptake of biosimilars in the U.S. 

Utilization of biosimilars may still be limited because they remain as non-preferred on 

drug formularies, or still require step-therapy or a trial of reference products. 

Manufacturers of reference products may also provide significant rebates; make it 

challenging to determine the true ‘value’ of biosimilars.  

 

Additionally, further education of the differences between biosimilars, reference 

products and generic products may help to increase adoption and utilization. Although 

the FDA released a guidance on interchangeability in May 2019, there are no definitions 

of the exact switching studies that biosimilar manufacturers will need to do complete in 

order to file for interchangeability. The guidance states that each biosimilar will be 

evaluated on a case-by-case basis.  

 

The majority of biosimilars that have been approved are still pending market launch 

mainly due to patent litigation by reference product manufacturers in an attempt to 

protect their patent exclusivities and market shares. In a press release in July 2018, the 

FDA commissioner said that biosimilars could have saved over $4.5 billion in 2017 if they 

had all been successfully marketed. He also criticized manufacturers of reference 

products and payers of blocking competition through rebate agreements. Several 

biosimilar manufacturers, have discontinued their biosimilar programs due to the 

uncertainty of the biosimilars market.  

There are also concerns among prescribers that the minor differences between 

biosimilars and reference products may lead to differences in risks of immunogenicity.  

PLACE IN THERAPY OF BIOSIMILARS 

Biosimilars provide a lower cost and effective treatment option for patients. Biosimilars 

undergo extensive evaluations to ensure that they meet the FDA’s approval standards. 

Biosimilars have the same indications as their reference products, except those 

protected by patent exclusivity, orphan indication exclusivity, or based on licensing 

agreements with reference product manufacturers.  

 

Utilization of biosimilars in the U.S. is still limited due to issues such as patent litigation, 

lack of adoption and appropriate formulary management, significant rebates on 

reference products, and limited understanding of their place in therapy. As a result, the 

true value of biosimilars as well as their viability in the U.S. market is still unclear.  
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1. Which of the following statements about biosimilars is TRUE? 

A. Biosimilars are copies of their reference products 

B. Biosimilars are like generics and they both undergo the 505 (j) FDA approval pathway 

C. Biosimilars must have no clinically meaningful differences from their reference products 

in order to be FDA-approved 

D. Biosimilars are produced by analyzing the chemical structure of the reference product 

and synthesizing the same compound 

2. Which of the following FDA approval pathways do biosimilars undergo? 

A. 505 (b) 2 pathway 

B. 351 (a) pathway 

C. 505 (j) pathway 

D. 351 (k) pathway 

 

3. All of the following are FDA-approved biosimilars EXCEPT? 

A. Udenyca (pegfilgrastim-cbqv)  

B. Erelzi (etanercept-szzs) 

C. Procrit (epoetin alfa) 

D. Mvasi (bevacizumab-awwb) 

 

4. Which of the following is true about the FDA approval pathway of biosimilars? 

A. Phase I, II and III clinical studies are required for approval of biosimilars 

B. The FDA does not consider results of analytical testing for biosimilar approval 

C. The biosimilar approval pathway is an abbreviated pathway based on existing safety and 

efficacy information on reference products 

D. The FDA requires clinical studies for all the indications that the biosimilar manufacturer is 

seeking 

 

5. Which of the following is an FDA-approved biosimilar for Remicade? 

A. Inflectra 

B. Amjevita 



 

C. Eticovo 

D. Cyltezo 

 

6. The FDA may require biosimilar manufacturers to conduct clinical studies to compare the 

biosimilar to its reference product in a population of patients with the specific disease being 

evaluated: 

A. TRUE 
B. FALSE 

 

7. Which one of the following biosimilars is available on the U.S. market? 

A. Zarxio (filgrastim-sndz) 

B. Hyrimoz (adalimumab-adaz) 

C. Erelzi (etanercept-szzs) 

D. Truxima (rituximab-abbs) 

 

8. Phase _____ clinical studies is the first phase that includes testing of the drug in humans; 

whereas Phase____ clinical studies monitors adverse reaction in thousands of patients with 

the disease that the drug is intended to treat. 

A. Phase III, Phase I 

B. Phase I, Phase IV 

C. Phase IV, Phase III 

D. Phase I, Phase III 

 

9. Which of the following statements about interchangeable biosimilars is TRUE? 

A. The currently available FDA-approved biosimilars have been designated by the FDA as 

interchangeable 

B. Interchangeable biosimilars are required to meet additional requirements in addition to 

requirements that show biosimilarity 

C. Interchangeable products may only be substituted for the reference product by the 

prescriber 

D. Only Zarxio (filgrastim-sndz) has been designated by the FDA as an interchangeable 

biosimilar. 

 

10. All of the following are potential advantages of biosimilars EXCEPT? 

A. Biosimilars provide more treatment options for patients 

B. Biosimilars are priced lower than their respective reference products 

C. Biosimilars increase competition in the biologics market 

D. Biosimilars have established superior safety and efficacy profiles through extensive phase 

I, II and III clinical trial evaluations 

 



 

11. The FDA may approve a biosimilar to treat a disease that was not directly studied by the 

biosimilar manufacturer. This is known as __________________ 

A. generalization 

B. estimation 

C. extrapolation 

D. assumption 

 

12. Biologics (reference products) are approved via the _____________pathway: 

A. 505 (b) 2 pathway 

B. 351 (a) pathway 

C. 505 (j) pathway 

D. 351 (k) pathway 

 

13. All of the following factors may have contributed to the slow adoption of biosimilars 

EXCEPT? 

A. Rapid growth and increased drug spending in the biologics market 

B. Concerns with increased risk of immunogenicity 

C. Lack of interchangeable biosimilar products 

D. Patent litigation by reference product manufacturers 

 

14. Which of the following is TRUE about biosimilars? 

A. Biosimilars take approximately 5 to 10 years longer to develop, manufacture, and market 

than biologic reference products  

B. Biosimilars are always available in the same dosage forms as their respective reference 

products 

C. Biosimilars may not have the same indications as their respective reference products 

D. Biosimilars are exact copies of their respective reference products 

 

15. All of the following agents are FDA-approved biosimilars for Humira EXCEPT? 

A. Hyrimoz (adalimumab-adaz) 

B. Ontruzant (adalimumab-dttb) 

C. Amjevita (adalimumab-atto) 

D. Cyltezo (adalimumab-abdm) 

 

 


