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Biosimilars:
The Paradigm Shift from the Patient  

to the Drug

Forget about 
demonstrating patient 

benefit

Forget about 
treatment outcome 
related endpoints

Demonstrate 
clinical similarity

Think about the drug
(PK,PD, Immunogenicity)



1. EMA, Biosimilar Medicines (https://www.clinicaltrialsregister.eu/); Accessed 01/08/2017 (phase 3). 2. ClinicalTrials.gov; 
Accessed 01/08/2017.

Change of scenario with Oncology Biosimilars arriving in EU

• Many oncology biosimilars are currently in development, with the first 
monoclonal antibody biosimilar approved for an oncologic indication (a 
rituximab biosimilar) by European Medicines Agency (EMA) in 2017. 1,2

• Multiple trastuzumab biosimilars are under regulatory review1,2

Active Substance Number in Development1 Number Approved by 
EMA2

Trastuzumab 5 1

Bevacizumab 6 1

Rituximab 5 2



Variable

Relative complexity of biologic agents

Aspirin Insulin mAbs



Cell expansion and production Recovery and purification

Cell line selection 
and optimisation

Verify identical 
amino acid sequenc

e

Biopharmaceutical Process Modification and Variability 
of Biologics

Characterisation

1. Vezér B, et al. Curr Med Res Opin 2016;32:829–834.

Changes of manufacturing 
must be shown to have no 
impact on the identity, 
purity, potency, quality, 
and safety of product1



1. Kim S, et al. Mabs 2017;9(4):704–714.

Change in Quality Profile of original trastuzumab

• Quality attributes were continuously monitored over 5 years by analyses of dozens of 
lots of EU- or US-marketed original biologic1

• Changes in glycosylation, Fc receptor binding, and ADCC activity were observed in lots 
manufactured during a select period of time1

Drift in Glycosylation, Fc Receptor binding, and ADCC of Herceptin® batches



Manufacturing process changes are regulated by international 
guidelines and are distinct from demonstrating biosimilarity



Biosimilar mAb has to take in consideration the largest historical 
data of reference mAb batches to derive a quality range1
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Time axis: Development of a reference mAb vs biosimilar mAb 

Process
alteration

Low risk of 
variations

Originator mAbs Originator post manufacturing change       Biosimilar

The Goal Posts of Biosimilarity: the Originator Sets the
Rules for Quality

1. Gonçalves J,  et al. Clin Exp Rheumatol 2016;34(4):698-705.

Can be more than
200 variables



Rigorous preclinical testing is performed as part of the “totality 
of the evidence” approach

ADCC, antibody-dependent cell-mediated 
cytotoxicity; 

C1q, complement factor 1q; 
CDC, complement-dependent cytotoxicity; 

Fc, fragment crystallizable; 
TNFα, tumor necrosis factor α.

1. FDA. Quality considerations in demonstrating biosimilarity of a therapeutic protein product to a reference protein product. Guidance for industry, 
2015;
2. EMA. Guideline on similar biological medicinal products, 2014; 
3. FDA. Scientific considerations in demonstrating biosimilarity to a reference product. Guidance for industry, 2015.

Analytical testing

Functional testing

Clinical
trials

Biosimilar development1

Clinical data3

• Phase I pharmacokinetics and safety
• Phase III equivalence trial in one 

indication
– Efficacy
– Safety
– Immunogenicity

Structure, purity, and biochemistry2

• Primary structure
• Higher-order structure
• Purity/impurity
• Charged isoforms
• Glycosylation

In vitro binding and potency, eg2

• TNFa binding 
• TNFa neutralization
• Fc receptor binding
• C1q binding 
• ADCC 
• CDC 



Protein Structure

Efficacy Safety

Production

Aggregation Immunogenicity

Stability

MOA

Drug concentration

Formulation Usage/Logistics

Glycosylation
profile

Off-target effectsAffinity

Quality and
Pharmacology

Clinical
Development

Goncalves et al, 2013

The Clinical Relevance of Critical Quality Attributes

Stability



Amino Acid Sequence
of Originator Trastuzumab

For illustrative purposes only. 
Fab, fragment antigen-binding; Fc, fragment crystallizable. 

Fab region

Fc region

Heavy Chain of Originator Infliximab

Light Chain of Originator Infliximab

Amino Acid Sequence
of Trastuzumab

Heavy Chain of Remsima

Light Chain of Remsima

12

Identical Amino Acid Sequence:
Trastuzumab vs Originator Trastuzumab



The amplification of anti-drug immune responses





Immunogenicity against biologics: The quality matters



Trastuzumab: αHER2-Monoclonal IgG1 Antibody 
Postulated Mechanisms of Action1

1. Hudis CA. N Engl J Med 2007;357:39-51.  2. Clynes RA, et al. Nature Med 2000;6:443-446.

Preclinical evidence for role of ADCC:
Efficacy of trastuzumab against breast cancer 
xenografts was largely dependent on FcR binding2

Pertuzumab and Trastuzumab:
Study Complementary mechanisms of action



Comparative understanding of trastuzumab 
cardiotoxicity 



1. EMA Guideline on similar biological medicinal products_2012. 
2. FDA Guidance for Industry: Scientific considerations in demonstrating biosimilarity to a reference product_2015 Apr.

Clinical Considerations for Establishing Biosimilarity

• Biosimilar development consists of a step-wise comparison to build ‘totality of 
evidence’1,2

• Clinical parameters include: Pharmacokinetics (PK), pharmacodynamics (PD), efficacy, 
safety, and immunogenicity2

Efficacy
Safety

Immunogenicity
PK/PD

Statistical 
Design

Study 
Population Study Endpoint

Clinical Considerations for Sensitivity and Specificity analysis

Clinical 
Pharmacology 

PK/PD

Non-clinical

Analytical 

Clinical
Studies



Overview of Trastuzumab Biosimilars with Different 
End-Points and Populations (As of October 2017)

1. von Minckwitz G, et al. ESMO 2017, 151PD. 2. Stebbing J, et al. Lancet Oncol 2017;18(7):917-928. 3. J Clin Oncol 35, 2017 (Su
ppl; Abstr 509). 4. J Clin Oncol 31, 2013 
(Suppl; Abstr 629). 5. Rugo HS, et al. JAMA 2017;317(1):37-47. 6. Lammers PE, et al. ESMO 2017, 238PD.

Biosimilar Patient # Study
Indication

Primary 
Endpoint

Risk Difference Risk Ratio

Equivalence
Margin Results Equivalence

Margin Results

ABP-980
Amgen1 725 Early Total pCR [-13%, 13%]

7.3 % 
[90%, 1.2%, 13.4%]

[0.759, 1.318]
1.19 

[90%, 1.033, 1.366]

CT-P6
Celltrion2 562 Early Total pCR [-15%, 15%]

-3.62% 
[95%, -12.38%, 5.16%]

[0.74, 1.35]
0.93 

[95%, 0.78, 1.11]

SB3
Samsung 

Bioepis3/MSD
875 Early Breast pCR [-13%, 13%]

10.70%
[95%, 4.13%, 17.26%]

[0.785, 1.546]
1.259 

[90%, 1.112, 1.426]

CT-P6
Celltrion4 475 Metastatic ORR (6 mo) [-15%, 15%]

-5.4% 
[95%, -14.3%, 3.6%]

[0.74, 1.35]
0.93 

[95%, 0.78, 1.11]

MYL141O
Mylan/Biocon5 500 Metastatic ORR (24 wk) [-15%, 15%]

5.53 
[95%, -3.08%, 14.04%]

[0.81, 1.24]
1.09 

[90%, 0.974, 1.211]

PF-05280014
Pfizer6 690 Metastatic ORR (25 wk) N/A N/A [0.8, 1.25]

0.94
[95%, 0.842, 1.049]



Biosimilars: More of a benefit than
hazard

Risk

Benefit

Science and Real-World Evidence



Post-Marketing Assessment and Pharmacovigilance is Crucial to 
Consolidate Confidence in Biosimilars

Cr
iti

ca
lQ

ua
lit

y
At

tr
ib

ut
es

(C
QA

)

Time axis: Development of a reference mAb vs Biosimilar mAb 

Low risk of 
variations

Originator mAbs Originator post manufacturing change Biosimilar

Biosimilars in Market

Development of Biosimilars 

Joao Goncalves: Personal communication



Goncalves, J et al. Clin Exp Rheumatol. 2016 Jul-Aug;34(4):698-705. 

Drug

A hypothetical cause of concern:
Increase in immunogenicity with biosimilars’ use?

Immune-complex formation:
• Hypersensitivity reactions?
• Alteration in bioavailability?
• No effect? 



Factors influencing immunogenicity of biologics

IV, intravenous; SC, subcutaneous.

Pradeu T, et al. Nat Rev Immunol 2013;13:764–9; Schaeverbeke T, et al. Rheumatology (Oxford) 2016;55(2):210–20.

Associated with
product

Not associated with 
product

Associated with
patient

Self or non-self Route of administration 
Risk SC>IV

Haplotype

T cell epitopes Indication – chronic or 
acute disease

Tolerance to protein

Formulation/
Impurities/Aggregates

Pharmacokinetics Immunosuppression

Post-translational 
modifications

Target – cellular or 
soluble

Pathology

Concerning the biosimilar          Not concerning the biosimilar 



Herceptin SC
Fixed dose of 600 mg

Herceptin IV
8 mg/kg loading dose;
6 mg/kg maintenance dose

Chemotherapy 
(T x 4àFEC x 4)

HER2-
positive

EBC 
(N=595)

Safety, tumour response pCR Safety, EFS, OS

PK

Follow-up: 
24 mo for EFS, OSHerceptin IV

Herceptin SC
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1:1

1 year (18 cycles) Herceptin

Baseline sample
day -7 to -1

Pre-surgery:
Cycles 2 and 5 Post-treatment*Post-surgery:

Cycles 13 and 18

Immunogenicity blood sampling assessment times
*Anti-drug antibody samples collected at follow-up visits at 3, 6, 12, 18 and 24 months

Herceptin subcutaneous development programme in 
the most sensitive population



Immunogenicity detection is increased in a setting 
with a treatment-free follow-up
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Overview of Trastuzumab immunogenicity
(Original and Biosimilars) 

Hanna Study: Immunogenicity between
SC and IV Trastuzumab

Stability and quality of biologic drugs end
at manufacturing site?  

IV SC



Handling and Storage of Biologicals



Degradation of mAbs



But no published Comparative Stability Drug data in Real-Life
Hospital Pharmacy for original biologics and biosimilars!!



mAbs have different stabilities



“Given that CT-P13 has been developed as a biosimilar 
medicinal product, stability testing has also been 
performed using Remicade. Specifically, batches of 
Remicade have been assessed following storage at 
various conditions (……). The protein content for the 
tested Remicade batches fell below the proposed 
commercial CT-P13 end-of-shelf-life specification at the 12 
months testing time point; this was attributed to the fact 
that the Remicade batches in the stability study were 
‘older’ than the CT-P13 batches at the time the study was 
initiated. For accelerated and stress stability testing, it was 
demonstrated that CT-P13 and Remicade have a 
comparable degradation profile.  

EMA, 2014 (EPAR Inflectra/Remsima)

Drugs for oncology are frequently affected 
by shortages

Shortage or lack of batches’
consistency affect stability?



We need well documented long-term stability data for 
biologics in the Hospital Pharmacy

• It is critical to have well-documented data about the stability 
of an opened drug formulation, after reconstitution of a 
lyophilized product or after dilution in various vehicles. 

• Study the effects of IV infusion procedure on aggregates and
particles between original biologic and biosimilars.

• Quantify and characterize particles, aggregates and leachates
between original biologic and biosimilars in real-life hospital.

• Data of stability as a function of time during run, saline bag
type, filter size/brand, location in IV system, etc.

Goal is to understand effects & optimize proper handling to minimize 
aggregation/particle formation during IV administration between original 

antibodies and biosimilars.



Real-life data for biologics and biosimilars in the
Hospital Pharmacy

• Immunogenicity and PK is not only useful for  clinical decision
• It should be used by the hospital pharmacy in aggregated

form to control the quality of the drug and how the patients
react to the original biologic and biosimilar.  

• The immunogenicity and PK data of the patient population is
a key factor to validate the use of biosimilars.

• Highly important in active pharmacovigilance.

Important: Correlation with clinical data



Conclusion…



Patient Access to better
treatments

Clinicians (Care) Payers (Save $$$)

Hospital Pharmacists
Guardians of drug quality and

access



Patient Access to better
(Bio) treatments

Clinicians (Care) Payers (Save $$$)

Hospital Pharmacists
Guardians of drug quality and

access
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Thank You/Obrigado
joao.goncalves@ff.ul.pt

Lisbon - Not a biosimilar of San Franscisco 



Protein aggregation is the most importante critical quality
atribute of a biosimilar trastuzumab that implicates
diferences in efficacy.

A. True
B. False

A. B.

35%

65%



Protein aggregation is the most importante critical quality atribute 
of a biosimilar trastuzumab that implicates diferences in efficacy.

63%

37%

65%

35%

True

False

First Slide Second SlideBefore After



Immunogenicity of biosimilars in breast cancer is better
detected during the treatment period than in treatment-
free follow-up.

A. True
B. False

A. B.

79%

21%



Immunogenicity of biosimilars in breast cancer is better detected 
during the treatment period than in treatment-free follow-up.

45%

55%

20%

80%

True

False

First Slide Second SlideBefore After



Batch to batch variability, and consequently increase
risks for phramacovigilance, is inherent to 
biosimilars and should be taken with precaution.

A. True
B. False

A. B.

51%49%



Batch to batch variability, and consequently increase risks for 
phramacovigilance, is inherent to biosimilars and should be taken 

with precaution.

46%

54%

49%

51%

True

False

First Slide Second SlideBefore After


