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Can you exactly match an innovator drug product 

composition and get the same therapeutic effect? 

• For most injectable 
products the answer is yes 

• This usually involves taking the 
same active drug (usually a 
small therapeutic molecule) …  
and adding it directly to a 
liquid vehicle to form a 
solution 

• Standard manufacturing 
processes can be used to 
produce a solution product 
which is considered identical 
to the reference product 
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However, not all injectable products 

are like this… 

• Some injectable products have higher complexity 
that makes is difficult to match a reference product 
to produce an equivalent generic product 
 

• What if the drug substance is a mixture of 
molecules? 

• What if the drug product is a mixture of structures 
that contain the molecule? Active 

Ingredient 

Drug 

formulation 

In this example, the active 

drug is encased in a 

liposomal structure, and 

that structure is variable  



For complex generic injectable drugs,  

what does equivalent actually mean? 

No two pomegranates are identical, but they can be 

produced with sufficient uniformity such that they could be 

considered to be effectively the same 

This idea has led to the term “sameness” 



Other examples of product complexity 

• Complex active ingredients 

• Peptides 

• Polymers 

• Naturally-derived complex mixtures 

• Iron-carbohydrate complexes 
 

• Complex formulations 

• Microparticles 

• Liposomes 

• Nanoparticles 

• Suspensions 

• Based on the type of products, natural compositional variabilities are 
common in reference listed drugs  

Since these are difficult to make and gain approval as generic drugs, most go 

unchallenged by generics, creating a long-term cost for the healthcare system 
  

If companies can succeed in making generic versions,  

companies will reduce healthcare cost and expand patient access 



What needs to match to achieve  
sameness? 

• Per 21 CFR 314.94 … generally, a drug product intended 
for parenteral use shall contain the same inactive 
ingredients (qualitatively the same ï ñQ1ò) and in the same 
concentration (quantitatively the same ï ñQ2ò) as the 
reference listed drug 
 

• Beyond this requirement, regulatory agencies expect 
generic applicants to …  explore and apply modern 
analytical and quantitative methods to characterize 
product-specific attributes to establish sameness  

We all agree that drugs are not pomegranates! 



What else needs to match? 
• Once sameness is established analytically, and the process  

is repeatable at scale, the product generated is tested to demonstrate 
human bioequivalence 

 

 

 

 

 

 

 

 

• As shown in the figure, pharmacokinetic profiles are an important 
component of determining that the therapy is equivalent 

• In some cases where there is no easy way to determine human pharmacokinetics, 
regulatory agencies may consider preclinical data or in vitro release data, coupled with 
detailed characterization data 

 

 



Key Take Home Messages 

• While most injectable products are more straight forward to replicate, 

there are complex injectable products that are more challenging to 

manufacture and match, and where SAMENESS must be demonstrated 

• Each kind of complex injectable product is different, therefore each  

needs a different approach for generic development 

• These products are much riskier to develop, but if we are successful they  

will benefit patients and have sustainable value  

• Many companies are investing in the technology to create generic 

versions of many important complex injectable products 

– Extensive characterization is a critical success factor 

– The characterization data must be linked to providing 

   the same clinical effect and safety profile 

• Regulatory agencies provide some guidance, but …  

a rigorous scientific data packages must present  

convincing data that often goes beyond the guidance  



Developing a Complex Generic is similar to Biosimilar 

development in longer lead time to market and greater cost 

New medicine 
Development time: >10 years 

Cost: Up to $2.5 billion 

Biosimilar 
Development time: ~5 to 10 years 

Cost: Up to $150 million 

Discovery Development Nonclinical Phase 1 Phase 2 Phase 3 

Analytical  Nonclinical 
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Clinical studies 

Small molecule generic Development time: ~2-4  years 

Cost: Up to 4 million 

Analytical  

 
Bioequivalence in  
healthy volunteers 
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Complex drug generic Development time: ~5-8 years 

Cost: Up to $20 million 

BE Clinical 
studies 



Complex Assets Class 

Amphotericin B 

Liposomal 
Anti-fungal 

Aripiprazole  Antipsychotic  

Bupivacaine Liposomal Local anesthetic  

Exenatide LA  Diabetes 

Ferric Carboxymaltose Iron deficiency  

Doxorubicin Liposomal  Antineoplastic 

Enoxaparin Anticoagulant 

Octreotide LAR 
Endocrine & 

metabolic agent  

Risperidone Antipsychotic  

Paclitaxel Nanoparticle Antineoplastic 

Teduglutide 
Short bowel 

syndrome 

Triamcinolone Corticosteroid 

Iron Sucrose Iron deficiency  

Complex Generic Landscape – different indications, 

different channels, different technologies 

• Ampho B Lipo 

• Triamcinolone 

 

• PAN 

• Doxorubicin Lipo  

• Iron Sucrose 

• Ferric  

   Carboxymaltose 

• Exenatide LA 

• Enoxaparin 

Retail 

• Teduglutide 

Alt Site 

Hospital 

 

• Bupivacaine 

   Liposomal 
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• Complex active ingredients 

– Complex mixtures of APIs, polymeric 
compounds, peptides 

• Complex formulations 

– Liposomes, suspensions, emulsions, gels 

• Complex routes of delivery 

– Locally acting such as dermatological  
and inhalational drugs 

• Complex dosage forms 

– Long acting injectables and  
implantables, transdermals, MDIs 

• Complex drug-device combinations 

Complex Drugs Can Be Both Mixtures and Systems – 

All Require Sameness and Bioequivalence 



Therapeutic equivalents are approved 

drug products that are pharmaceutical 
equivalents for which bioequivalence has been 

demonstrated, and that can be expected to have 
the same clinical effect and safety profile when 
administered to patients under the conditions 

specified in the labeling. 

The Goal is Always Therapeutic Equivalence 



Complex API Examples –  

Naturally-derived Complex Mixtures 

Porcine intestinal tissue Heparin and low MW heparin (enoxaparin)  
as anticoagulants 

Xylan from German Beechwood 
Pentosan polysulfate sodium for interstitial cystitis  



ferric 
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Complex API Examples –  

Complex Mixtures Coming From Synthetic Processes 
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glatiramer acetate for MS 



www.fda.

gov 

• Why: Critical part of pharmaceutical equivalence: 

  Same active ingredient(s) 

  Same dosage form and route of administration 

  Identical in strength or concentration 
 

• How: Explore and apply modern analytical and 

quantitative methods to characterize product- specific 
attributes to establish API sameness 

– How many characterizations are needed? 

– Qualitative or quantitative tests? 

Let’s start with demonstrating API sameness 

http://www.fda.gov/
http://www.fda.gov/
http://www.fda.gov/
http://www.fda.gov/
http://www.fda.gov/
http://www.fda.gov/


FDA Draft Guidance for Iron Sucrose 

• The proposed parenteral drug product should be qualitatively (Q1) and 

quantitatively (Q2) the same as the RLD 

– Equivalence in the stoichiometric ratios of iron, sucrose, and other components need 

to be established 

• Particle size distribution 

– In vitro testing on at least three lots of both test and reference products 

– Parameters to measure: D10, D50, D90 

• Sameness in physicochemical properties needs to be established.  In-vitro 

characterizations should be conducted on at least 3 batches (ANDA , RLD) 

– Iron core characterizations including but not limited to core size determination, iron 

oxide crystalline structure and iron environment 

– Composition of carbohydrate shell and surface properties 

– Particle morphology 

– Labile iron determination under physiologically relevant conditions. The tests can be 

performed with in vitro hemodialysis system, the catalytic bleomycin assay of spiked 

human serum samples, the spectrophotometric measurement of Fe reduction, or other 

methods that are validated for accuracy and precision 
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Complex Formulation Examples –  

Liposomal Products 
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Complex Formulation Examples –  

Ophthalmic Suspension and Emulsion 

100 µm 

100 nm 

Sources: 
http:// b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg 
https://www .restasis.com/Content/ Images/MDPF/AboutMultiDose_Comparison_img.png 

http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
http://b.kwikweb.co.za/brianroosopti/photos/eyedrop1.jpg
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png
https://www.restasis.com/Content/Images/MDPF/AboutMultiDose_Comparison_img.png


• Complex inactive ingredients 

ü Poly(lactic-co-glycolic acid) (PLGA) copolymer 

m = number of units of lactic acid 

n = number of units of glycolic acid 

 
•Ratio of lactic acid to glycolic acid 

•Molecular weight ~5kDa -100kDa 

ü Glucose star polymer, D,L-lactic and glycolic acids copolymer 

 

Sandostatin LAR depot 

(octreotide acetate microsphere) 

Challenges to Develop Generic Complex Formulations 



• Impact of manufacturing conditions on complex 
inactive ingredients (complex reverse engineering) 

PLGA degradation during 
manufacturing of risperidone- 
PLGA microsphere 

Alkermes, US 6,264,987 B1, 2001 

Challenges to Develop Generic Complex Formulations 



• Lack of compendial in vitro drug release testing 
methods, in vitro in vivo correlation, and complete 
understanding of drug release mechanisms 

A B 

Contrasting in vitro and in vivo release from triamcinolone acetonide_1 (A) and triamcinolone 

acetonide_2 (B) microspheres. 
Doty, A. C., Hirota, K., Olsen, K. F., Sakamoto, N., Wang, Y., Choi, S., Qu, W., Schwendeman, A. S. and Schwendeman, S. P., 

Validation of a cage implant for assessing in vivo performance of long-acting release microspheres, Biomaterials, 109, 88-96 

(2016). http://ac.els-cdn.com/S0142961216303787/1-s2.0-S0142961216303787-main.pdf?_tid=9e506490-9caa-11e7-b96e- 

00000aab0f26&acdnat=1505764407_767d6cbf46bd78acfbbd0a00c9a8c685 

Challenges to Develop Generic Complex Formulations 
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• Complex bioequivalence study design, such 
as combination of in vitro and in vivo studies, 
or partial AUCs 

– Risperidone intramuscular injectable microspheres 

• In vitro drug release + In vivo, two period, crossover 
steady state in patients 
(https:/ /www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM201272.pdf) 

– Doxorubicin hydrochloride injectable liposome 

• Single dose, two way crossover in vivo + liposome size 
distribution and additional characterization 
(https:/ /www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM199635.pdf) 

Challenges to Develop Generic Complex Formulations 
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Bioequivalence 

• Bioequivalence is the absence of a significant 
difference in the rate and extent to which the 
active ingredient or active moiety in 
pharmaceutical equivalents or pharmaceutical 
alternatives becomes available at the site of 
drug action when administered at the same 
molar dose under similar conditions in an 
appropriately designed study Χ 

21 CFR 314.3 



Bioequivalence Approaches 

• In vivo PK study or a correlated in vitro study 

• In vivo urine study 

• In vivo PD study 

• In vivo clinical BE study 

• In vitro test acceptable to FDA (usually 
dissolution rate test) 

• Any other approach deemed adequate by FDA 
to measure bioavailability or establish 
bioequivalence 



Case Study:  

Generic Enoxaparin Questions and Answers 

 
• What is enoxaparin? 

– Enoxaparin is available as an injectable medicine that helps 

prevent blood clots in the legs and other parts of the body.  

– After a patient has surgery, such as hip or knee replacement, 

enoxaparin is often used for several days.  

– Enoxaparin belongs to a class of drugs known as “low 

molecular weight heparin” (LMWH), 

• Why is a generic version of enoxaparin important? 

– Generic medications approved by FDA are as safe and 

effective as their brand name counterparts and are usually 

much less expensive and offer alternatives to patients and 

prescribers. 



Generic Enoxaparin Questions and Answers 

 

• Applications to FDA for approval of generic 

enoxaparin were submitted in the early to mid 

2000s.  Why has it taken so long for FDA to approve 

generic versions of enoxaparin? 

– Approval of generic enoxaparin has involved a 

variety of challenges including: 
• Determining whether FDA could accept an application for generic 

enoxaparin, given its complex chemical structure; 

• Demonstrating “sameness” to the brand name product and its 

likelihood of producing immunogenic reactions; 

• Addressing the potential for contamination of heparin, from which 

LMWH, such as enoxaparin, is produced.  



Generic Enoxaparin Questions and Answers 

 
• How did the complex chemical structure of 

enoxaparin affect generic approval? 

– Enoxaparin is a complex mixture of oligosaccharides (chains 

of sugar) that vary in chemical structure and size.   

– It is made from heparin by chemically breaking up the larger 

heparin chains into smaller fragments.  

– The complex chemical features of enoxaparin are determined 

by both the qualities of the heparin and the chemical process 

used to cleave the heparin into enoxaparin.   

– Unlike most traditional drugs (often called “small-molecule” 

drugs) that have relatively simple chemical structures that are 

easily characterized, it is much more challenging to 

demonstrate that a generic enoxaparin sodium product 

contains the same active ingredient.   



Generic Enoxaparin Questions and Answers 

 

• How did the complex chemical structure of 

enoxaparin affect generic approval? 

– FDA scientists established a scientific approach for 

demonstrating active ingredient sameness that takes into 

consideration the complexity of enoxaparin.   

– This scientific approach is reflected in five criteria, which 

involve  

• the physical and chemical characteristics of enoxaparin 

• the nature of the heparin material and the chemical process used to 

break up heparin chains into smaller pieces 

• the nature and arrangement of components that constitute enoxaparin,  

• certain laboratory measurements of the product’s anticoagulant activity, 

and  

• certain aspects of the drug’s effect in humans.  



Equivalence is a Judgment not a Fact 



A scientist will keep asking άWhyέ and άWhatέΚ 

Why are these elements important? 
 

What are my possible biases, beliefs,  
and articles of faith that lead me to  

label these elements as critical? 
 

Why are these and no others used to  
define άsignificant differŜƴŎŜέΚ 


