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Educational Objectives

At the conclusion of this activity, participants should be able to 
demonstrate the ability to:

• Analyze the clinical characteristics, including risks and benefits, 
of biosimilars and associated clinical implications of expanded 
cancer treatment using these agents in comparison to reference 
products/drugs

• Examine potential regulatory and clinical concerns of both 
healthcare providers and patients related to the incorporation of 
biosimilar agents into commonly used cancer treatment 
regimens

• Assess the implications of the high cost of biologic agents on 
cancer treatment and healthcare delivery in the US and 
worldwide.

Biosimilars in Oncology
Discussion Points

• Science and regulatory issues for biosimilars

• The case for utilization: pharmaceutical costs and health 
economics

• Clinical trial concepts and examples demonstrating similar 
efficacy and toxicity of biosimilars

• Value and pitfalls: physician and patient perceptions

What Are Biosimilars?

Lyman et al. Jour Clin Onc 2018, 36, 1260-1265.

Definitions
US Food and Drug Administration (FDA)

Traditional Pharmaceuticals vs Biologics

• Differences in size, structure, and complexity

• Generics are commonly small-molecule drugs

– Small molecules <100 atoms

– Manufactured by chemical synthesis

– Well-defined stable structure held together by strong chemical bonds

• A biologic is complex and large

– Large molecules: 5,000-20,000 atoms 

– Produced by living cells

– Spatial structures (secondary and tertiary) based on relatively weak 
bonds and post-translational modifications to form the 3D conformation

– Structurally may be antibody, hormone, cytokine, etc.
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Biosimilars Represent Paradigm Shift in 
Product Development

Reference Biologic[1]

Postmarketing Surveillance

Phase III Clinical

Phase II Clinical

Phase I Clinical

Preclinical

Molecular
Characterization

1. FDA. Drug development overview. 2012. 
2. FDA. Scientific considerations in demonstrating biosimilarity to a reference product: guidance for industry. 2015. 
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Immunogenicity

Clinical

Postmarketing 
Surveillance

What Features Do Biosimilars Share with 
Their Reference Biologics?

Li E et al. J Manag Care Spec Pharm. 2015;21:532-539. Weise M et al. Blood. 2012;120:5111-5117. 
Lucio SD et al. Am J Health Syst Pharm. 2013;70:2004-2017. FDA. Information on biosimilars. 2016.

Reference
Biologic

Biosimilar
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acid sequence

Manufacturing 
processes

Host cell line

Protein structure

Manufacturing 
processes

Host cell line

Inactive ingredients

Proven efficacy, safety Proven similarity to 
reference biologic

Mechanism
of action

Protein structure

Inactive ingredients

Assuring Comparable Safety and Efficacy of a 
Biosimilar to Its Reference Biologic

• Biosimilars are designed to replicate purity, potency, and safety of 
reference biologics, which is anticipated to translate into clinical 
comparability[1]

• After thorough assessment of this comparability by regulatory bodies,[2] 

approval of biosimilar is:

– Based on preclinical/clinical studies of pharmacology, efficacy, safety, 
immunogenicity[2]

– For specific indications only; extrapolation to other indications must be 
justified

– Subject to postmarketing surveillance to identify any unique safety signals

1. Schellekens H et al. Lancet Oncol. 2016;17:e502-e509. 
2. FDA. Scientific considerations in demonstrating biosimilarity to a reference product. 2015.

Extrapolation: Clinical Perspective

• Extrapolation is an unfamiliar concept for clinicians

• Traditionally, clinicians have relied on clinical trial data to judge 
the safety and efficacy of therapeutic agents

• By definition, approval of a biosimilar for one indication may be 
based on extrapolation from the biosimilar to the reference 
biologic

• Therefore, no specific clinical trials with a biosimilar may 
have been performed in the approved indication/population

• Thus, the paradigm shift in biosimilar development also requires 
a paradigm shift in evaluation and use of biosimilars in the clinical 
setting

Weise M et al. Blood. 2014;124:3191-3196.

Key Principles for Extrapolation of Biosimilars

• Common mechanism of action and receptor/target 
interaction 

• Totality of the evidence showing comparability 

• Acceptable safety profile without increased risks of 
immunogenicity

• Clinical experience with the originator product that can be 
used to support the use of a biosimilar across indications

• Post-marketing surveillance is critical for all indications

Weiss M et al. Blood. 2014;124:3191-3196.

Variability and Drift

• Significant differences in drug products (variability and drift) 
can arise due to:

– Production at different sites

– Changes to manufacturing processes after initial approval

• FDA or EMA approval required for changes in manufacturing 
process

• Manufacturers need to be vigilant for any changes in 
production and must always assume that they can result in 
clinically significant issues

Both biologics and biosimilars are subject to product 
variability and drift!

Ramanan S et al. BioDrugs. 2014;28:363-372.
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Immunogenicity

• Concern for all biologics (not                                                          
just biosimilars)[1,2]

• Consequences[1,2]

– Loss of efficacy

– Neutralization of endogenous protein and administered biologic 
agent

– General immune responses (eg, allergy, anaphylaxis)

• FDA guidance regarding immunogenicity assessment[3]

– Comparative parallel design (ie, head-to-head study)

1. Ebbers HC et al. Exp Opin Biol Ther. 2012;12:1473-1485.  
2. Chamberlain PD. Biosimilars. 2014;4:23-43. 
3. FDA. Scientific considerations in demonstrating biosimilarity to a reference product. 2015.

Pharmacovigilance

• Post-approval pharmacovigilance for efficacy and safety of 
biologic agents is important and of particular importance when 
considering biosimilars 

– Product drift may occur over time and space

– Rare or delayed toxicities may only emerge post-approval

– Population-based assessments may identify rare safety 
concerns

– Might be mandatory for some products

• Biosimilar manufacturers should work with FDA early to discuss 
approach

Grampp G et al. BioDrugs. 2015;29:309-321. Ramanan S et al. BioDrugs. 2014;28:363-372.

Interchangeability of Biosimilars

• A biosimilar may also be designated as “interchangeable” if 
there is proof that:

– Switching or alternating between the biosimilar and the 
reference product does not affect safety or efficacy any more 
than using the reference product more than once without 
such alternating or switching

The designation of “interchangeability” requires higher 
standards than “biosimilarity” alone

FDA. Considerations in Demonstrating Interchangeability With a Reference Product: Guidance for Industry. 2017.

Automatic Substitution

• Interchangeable is an FDA designation
– Proposed that a product with an interchangeable designation can 

be substituted for the reference product without notification of or 
intervention by the original provider

• HOWEVER:
– Any biological product under consideration for substitution must 

first be approved as "interchangeable" by the FDA

– FDA approval requirements for interchangeable designation and 
trial design for testing are not finalized 

– State substitution laws will impact practice

– To date, no approved US biosimilars have applied for and gotten 
interchangeability status

FDA. Considerations in Demonstrating Interchangeability With a Reference Product: Guidance for Industry. 2017. 
NCSL. State Laws and Legislation Related to Biologic Medications and Substitution of Biosimilars. 2017.

Why are Biosimilars Needed?

Patients bear an ever-
increasing share of the 
expense: financial toxicity 

Great variability in cost and 
quality of cancer treatment 
across health care systems Cost 

matters to patients, 
providers, payers, and 

society

“Price is what you pay; Value is what you get.” – Warren Buffett

Cost affects access to care, treatment 
decisions, and patient outcomes

Q: Why Interest in Biosimilars?                                  
A: Rising Healthcare Costs

Singh SC et al. Am J Manag Care. 2015;(21 suppl):s331-s340.
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Costs of Cancer Care

Cumulative Percent Increase Top 10 Medicare 
Drugs

Cost in 
Millions

Ranibizumab 1220

Rituximab (oncology) 876

Infliximab 704

Pegfilgrastim 642

Bevacizumab 624

Aflibercept 384

Denosumab 347

Oxaliplatin 309

Pemetrexed 292

Bortezomib 278

Need for Biosimilars in Oncology
Rising Costs of Cancer Drugs

Adapted from MSKCC Center for Health Policy and Outcomes. Available at: 
http://www.mskcc.org/research/health-policy-outcomes/cost-drugs. Accessed May 19, 2017. 
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Cost of Cancer Drugs at Time of FDA Approval, 1965-2016

2002 2007 2012 2017

$221B

Global Biologics Sales, 2002-2017[1]

$169B

$106B

$46B

(projected)

1. IMS Institute for Healthcare Informatics. The global use of medicines: outlook through 2017. November 2013. 
2. Baer WH et al. Pharmaceuticals (Basel). 2014;7:530-544.

Global Spending on Biologics Continues                  
to Increase

• Biologics continue to 
outpace overall 
pharmaceutical drug 
spending growth[1]

– Expected to represent   
~ 20% of global market 
value by 2017

• Patient access to biologic 
therapies is a concern[2]

Key Underlying Principles of 
Biosimilar Development

• The clinical efficacy and safety of the biologic 
molecule has already been demonstrated by the 
innovator

• The biosimilar sponsor only requires evidence that the 
candidate biosimilar is not significantly different from the 
reference product 
– Goal is not to replicate unnecessary clinical trials
– Smaller-scale direct comparisons and extrapolation

• When a biosimilar is approved, there should NOT be an 
expectation that there will be differences in safety and 
efficacy

US Food and Drug Administration. Scientific Considerations in Demonstrating Biosimilarity to a Reference Product. 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM291128.pdf. 
Accessed September 5, 2017.

Remaining Challenges and Opportunities Ahead
Expected Cost Savings of 10% –20% in US Markets

Approved and Emerging 
Biosimilars
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Biosimilar Agents Approved for Use in the 
European Union

GH Lyman et al. N Engl J Med 2018;378:2036-2044.

Biosimilar Agents Approved for Cancer Use in 
the European Union

GH Lyman et al. N Engl J Med 2018;378:2036-2044.

Biosimilar Agents Approved in the US 
TNF-alpha Inhibitors

GH Lyman et al. N Engl J Med 2018;378:2036-2044.

Epoetin alfa
(Epogen/Procrit)
(Amgen/Ortho)

Epoetin-alpha epbx
(Retacrit, Pfizer)

2018 Available 
2018

Pegfilgrastim
(Neulasta, Amgen)

Pegfilgrastim -jmdb
(Fulphilia, Mylan/Biocon)

2018 Available 
2018

Biosimilar Agents Approved in the US 
Hematology/Oncology

GH Lyman et al. N Engl J Med 2018;378:2036-2044.

First FDA-approved Biosimilar
Filgrastim-sndz: Analytics, PK/PD, Safety

• Approved March 6, 2015; first FDA-approved oncology-related biosimilar

• Structural and functional studies demonstrated same amino acid sequence 
as US-licensed filgrastim

• Biological activity, receptor binding and physiochemical properties, product-
related substances and impurities, and stability profile are highly similar to 
US-licensed filgrastim, notwithstanding minor differences in clinically inactive 
components

• 5 studies in healthy subjects evaluating ANC, Cmax, and CD34+ cell counts 
demonstrated PK/PD similarity with US-licensed and EU-approved filgrastim

• Safety data in 204 healthy subjects and 214 pts with breast cancer were 
similar to US-licensed and EU-approved filgrastim

FDA. Oncologic Drugs Advisory Committee Meeting. 2015. FDA. Oncologic Drugs Advisory Committee Meeting. 2015.

Filgrastim-sndz: Efficacy

Filgrastim-sndz
Filgrastim
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Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Mean Number of 

Treatment Days (Range)
Filgrastim-sndz n = 97 101 100 100 101 99 98 97 98 83 51 16 6 5 4 -8.6 (6-13)
Filgrastim

n = 102 103 103 103 102 103 103 102 102 97 43 15 7 2 2 -8.7 (5-14)
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3
1

FDA. Oncologic Drugs Advisory Committee Meeting. 2015.

Biosimilar Study Patient 
Population 

Additional Indications Extrapolated                        
to by FDA

Filgrastim-sndz Neutropenia in 
breast cancer 
treatment

• Neutropenia in BMT
• Neutropenia in treatment of 

nonmyeloid malignancies
• Neutropenia in AML
• Severe chronic neutropenia
• Peripheral blood progenitor cell 

mobilization

Extrapolation of Biosimilar Filgrastim to Other 
Indications in US

FDA approved use of filgrastim-sndz for all current                 
FDA indications of filgrastim

Biosimilar Products in Development in the US

approved

GH Lyman et al. N Engl J Med 2018;378:2036-2044.

Biosimilar Products in Development in the US

GH Lyman et al. N Engl J Med 2018;378:2036-2044.

FDA Committee Recommends Approval of   
Epoetin alfa Biosimilar Across All Indications

• On May 25, 2017, FDA Oncologic Drugs Advisory 
Committee recommended approval of an epoetin alfa 
biosimilar across all indications of reference biologics for 
treatment of anemia
– Preclinical data of biosimilar supported similarity to epoetin 

alfa in structure, function, and mechanism of action
– Clinical PK/PD, immunogenicity studies showed similarity to 

epoetin alfa
– Two phase III trials showed comparable safety and efficacy 

in the treatment of chronic kidney disease pts with anemia
– Approved by FDA, May 1, 2018 as epoetin alfa-epbx

FDA. Available at: https://www.fda.gov/downloads/advisorycommittees/ 
committeesmeetingmaterials/drugs/oncologicdrugsadvisorycommittee/ucm559968.pdf.

Trastuzumab-dkst: Analytical Studies  

Rugo HS et al. ASCO 2016. Abstract LBA503.

• Approved 2017 by FDA
• Physicochemical analyses

– Impurities, fragmentations, glycosylation, charge 
heterogeneity

– Primary sequence, higher order structure, protein 
concentration, Fab and Fc function

• Nonclinical studies
– Cardiotoxicity in human and rat cardiomyocytes

– Comparative PK, repeat-dose toxicity in cynomolgus
monkeys

Trastuzumab-dkst: PK Studies
Comparable Pharmacokinetics to Trastuzumab

Mylan Inc. British Pharmacology Meeting 2015. 

MYL-1401O LS                 
Means Ratio (90% CI)

AUC0-∞ (mg*hr/mL) Cmax (mg/mL)

vs trastuzumab (EU)
0.97 

(90.76-102.84)
1.04 

(98.90-109.41)

vs trastuzumab (US)
0.95 

(89.16-101.36)
1.01 

(95.81-106.39)
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Part 1 Results for Multicenter, Randomized, Double-blind Phase III Equivalence Study

Rugo HS et al. JAMA. 2017;317:37-47.

HER2+ metastatic 
breast cancer, no prior 

tx in metastatic 
setting. Stratify for 

time to mets, ER/PR 
status, and taxane

used (N = 500) 

MYL-1401O 6 mg/kg IV 
Q3W* + taxane† for minimum 

of 8 cycles (n = 249) 

Trastuzumab 6 mg/kg IV 
Q3W* + taxane† for minimum 

of 8 cycles (n = 251)

HERITAGE: First-line Trastuzumab vs Biosimilar
MYL-1401O in ERBB2+ Metastatic Breast Cancer

*After usual loading dose.    
†Physician choice of docetaxel or paclitaxel 

Part 1 Part 2

Continue assigned tx if 
achieved at least SD

MYL-1401O 6 mg/kg IV 
Q3W* + taxane†

Trastuzumab 6 mg/kg IV 
Q3W* + taxane†

Wk 24

Until PD, 
unacceptable 

toxicity, or 
death

• Primary endpoint (Wk 24): ORR
• Secondary endpoints (Wk 48): tumor progression rate, PFS, OS

Rugo HS et al. JAMA. 2017;317:37-47.

HERITAGE: Efficacy at Weeks 24 and 48
• MYL-1401O met statistical therapeutic equivalence of trastuzumab for 24-wk ORR 

by both analyses (difference in ORR, rate ratio for ORR)
– Both 90% CIs and 95% CIs within predefined equivalence boundaries

Wk 24 
Endpoint

MYL-1401O + Taxane
(n = 230)

Trastuzumab + Taxane
(n = 228)

Difference, % Rate Ratio

ORR, n (%) 160 (69.6) 146 (64.0) 5.53 1.09

 90% CI, % 64.57 74.56 58.81 to 69.26 -1.70 to 12.69 0.974 to 1.211

 95% CI, % 63.62 to 75.51 57.81 to 70.26 -3.08 to 14.04 0.954 to 1.237

• No statistically significant differences between MYL-1401O vs trastuzumab for 48-
wk rates of tumor progression, progression events, and OS

Wk 48 Endpoint, %
MYL-1401O + 

Taxane
(n = 230)

Trastuzumab + 
Taxane

(n = 228)

Stratified HR
(95% CI)* P Value

Tumor progression 41.3 43.0 0.92 (0.692-1.231) .58

Progression events 44.3 44.7 0.95 (0.71-1.25) .69

OS 89.1 85.1 0.61 (0.36-1.04) .07

*Stratified by taxane, tumor progression, tumor endocrine status.

HERITAGE
Safety Profile at Week 24

Rugo HS et al. JAMA. 2017;317:37-47. Rugo HS et al. ASCO 2016. Abstract LBA503.

Endpoint
MYL-1401O + Taxane

(n = 247)
Trastuzumab + Taxane

(n = 246)

Serious AE, %
 ≥ 1 serious AE
 Neutropenia
 Neutropenia with fever
 Leukopenia
 Pneumonia

38.1
27.5
4.5
1.6
1.6

36.2
25.2
4.1
4.9
2.0

Deaths due to serious AEs, n 4* 4†

Median LFEV values, % (range)
 Baseline
 Wk 24
 Change from BL to Wk 24

64.0 (51 to 82)
63.5 (50 to 81)
-1.0 (-13 to 21)

63.0 (51 to 84)
63.0 (41 to 82)
-1.0 (-19 to 13)

*Deaths due to pancytopenia and hepatic failure, cardiac failure and respiratory failure, multiorgan failure, and respiratory
failure possibly related to study drug.
†Deaths due to probable sepsis possibly related to docetaxel, pneumonia and sepsis, and hepatic failure and tumor lysis.

HERITAGE
Immunogenicity and Population PK

• Immunogenicity was similarly low for both MYL-1401O and 
trastuzumab arms

– Overall antidrug antibody rates: 2.4% vs 2.8%, respectively

– Median titer in antibody-positive pts: 2.5 vs 2.3, respectively

• Trough Cmin comparable between arms at Wk 15 (cycle 6)

– Ratio of geometric LSMs: 103.88% (90% CI: 93.7% to 115.11%)

• Population pharmacokinetics similar between MYL-1401O and 
trastuzumab arms

– Dose-normalized mean Cmax: 0.4321 vs 0.4196 µg/mL/mg, respectively

– Dose-normalized mean AUC: 98.350 vs 94.391 μg·d/mL/mg, respectively

Rugo HS et al. JAMA. 2017;317:37-47.

HERITAGE
Conclusions

• Trastuzumab-dkst (MYL-1401O) show equivalent efficacy 
in combination with taxane as first-line treatment for 
ERBB2+ metastatic breast cancer

• Similar safety profiles, immunogenicity, and PK

• One of first oncologic trials to show biosimilar similarity to 
reference product in efficacy, safety, immunogenicity 

• Trastuzumab-dkst is FDA approved, but clinical availability 
will wait for patent expiration

Rugo HS et al. JAMA. 2017;317:37-47. Rugo HS et al. ASCO 2016. Abstract LBA503.

Current Issues and                 
Future Directions
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Why the Difference in Regulatory 
Requirements?

• Small molecules     Generics 

– Proof of quality (identical chemical structure)

– Pharmacokinetic bioequivalence

– Relies on clinical data from reference product

• Biologics     Biosimilars

– Proof of quality and similarity

– Pharmacokinetic bioequivalence

– Clinical data showing comparable safety and efficacy

The Challenges Ahead 
Evidentiary Concerns

• Biosimilars are neither expected (scientifically) nor required (by regulators) to 
be identical to their reference biologic; however, 

– Must be highly similar in structure and clinically equivalent to the reference 
biologic in terms of purity, potency, and safety

– Establishing comparable therapeutic effects is a challenging task for 
regulators and companies; clinical trials establishing efficacy should be realistic 
to control cost and rapid assessment of endpoints (?neo-adjuvant)

– Degree of “comparability” and “interchangeability” can and must be 
demonstrated

– Reference biologics and biosimilars incur risk of immunogenicity and drift

– Difficult to predict immunogenicity based on preclinical data

– Clinical trials and long-term data (pharmacovigilance) needed for definitive 
evidence of efficacy and safety of a biosimilar vs its reference biologic

Clinician Perspective 
Finding the Right Balance

Integrating Biosimilars Into Oncology Practice 
Challenges and Opportunities

• Approval based on limited clinical data vs reference 

• Reduce unsustainable increase in healthcare costs and 
increase pt access to biologic agents

• Biologic variability, drift, and immunogenicity

• Extrapolation of biosimilar indications to indications for 
which the reference product was approved

• Interchangeability and automatic substitution

• Need for pharmacovigilance and physician and patient 
education

Clinician Perspective: Addressing Concerns

• Physicians skeptical of efficacy, safety, impact on 
reimbursement; concerned that use will be forced upon 
them

• Physician perception will be that cost is the main issue

• Strong clinical data will be important for acceptance

• Education essential to accelerate uptake after approval 

– Unbiased experts, focused on clinical data

– National meetings and online education

Cohen H et al. Adv Ther. 2016;33:2160-2172.

Potential Benefits of Biosimilars to the US 
Healthcare System

• Due to improved affordability, a greater proportion of eligible 
patients should be able to benefit from biologic treatment[1-4]

Greater 
Patient Access

• Introduces competition and may drive down biologic costs[5,6]

• Biosimilar manufacturers can take advantage of the latest 
technology[5,6]

Greater 
Competition

• Incentive for investment in the development of innovative new 
biologic products by originator companies[6,7]

• Provides budgetary relief enabling the use of new treatments and 
therapies[7]

Foster 
Innovation

1. Strober BE et al. J Am Acad Dermatol. 2012;66:317-322.  2. Rak Tkaczuk KH et al. Semin Oncol. 2014;41:S3-S12. 
3. Zelenetz AD et al. J Natl Compr Canc Netw. 2011;Suppl 4:S1-S22.  4. Scheinberg MA et al. Nat Rev Rheumatol. 
2012;8:430-436.  5. Singh SC et al. Am J Manag Care. 2015;S331-S340.  6. Schellekens H et al. Lancet Oncol. 
2016;17:e502-e509.  7. Biologics Price Competition and Innovation Act. 2009. 
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IMS Institute for Healthcare Informatics. Innovation in cancer care and implications for health systems: Global oncology trend report. May 2014.

Evolution of the Biosimilar Oncologic Market
Assuming Developed US Market, Oncology Biosimilars Market 
Predicted to be $12 Billion in 2020

Biosimilar Market Evolution, 2011-2020

Conclusions

• The biosimilar revolution is here

• Science of biosimilars will drive competition, innovation, 
and the development of future biologics and biosimilars

• Biosimilars are vital to the future of sustainable cancer 
care

• Getting there will be a work in progress

Biosimilar Resources

• FDA Biosimilars Information for Consumers

– https://www.fda.gov/Drugs/DevelopmentApprovalProcess/H
owDrugsareDevelopedandApproved/ApprovalApplications/T
herapeuticBiologicApplications/Biosimilars/ucm241718.htm

• The Biosimilars Council

– http://biosimilarscouncil.org/resources

Physician and Patient Resources

FDA Fact Sheets 
https://www.fda.gov/Drugs/DevelopmentApprovalProcess/
HowDrugsareDevelopedandApproved/ApprovalApplication
s/TherapeuticBiologicApplications/Biosimilars/ucm580435.
htm#fact

Biosimilars Resource Center
https://www.biosimilarsresourcecenter.org/

Questions?

Thank you for joining us today!

Please remember to turn in your completed 
EVALUATION FORM.

Your participation will help shape future 
CME activities.


