
  

 
Drug patents and copying: generics versus biosimilars.

 (How do patents and generics work) 



  

History of acetylsalicylic acid (ASA) 
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salicin
(2-hydroxymethylphenyl)--D-glucopyranoside

600 b.C. Hippocrates: chewig of willow bark
(Cortex salicis - Salix sp.)

1827 Leroux: isolation from willow bark

hydrolysis
oxidation

salicylic acid
2-hydroxybenzooic acid

1838 Piria: the first synthesis
Kolbe: efficient industrial synthesis

since 1878 used as antipyretic
 and antirheumatic 

acetylsalicylic acid
2-acetoxybenzooic acid

1897 Felix Hoffmann - synthesis for
industry

1899 - Aspirin(R) - Bayer

is

Gerhardt, Justus Liebigs Ann. Chem. 87, 164 (1853)
Gilm, Justus Liebigs Ann. Chem. 112, 181 (1859)
Kraut, Justus Liebigs Ann. Chem. 150, 10 (1869)

Hoffmann



  

 American version of Hoffmann´s patent



  

What is possible to patent in medicines?
1)The chemical structure (or composition) of the active substance (or a group of 

chemically related substances).
● a different activity of individual optical isomers of a chiral drug
● polymorphs, i.e. different crystal modifications of the substance with possible 

different bioavailability
2)The procedure how the active substance is prepared (synthesis...)
3)The composition of the application form (tablet, injection…)
4)Indication(s) ( = which disease(s) is/are intended to be treated with this medicine)

The maximum length of patent protection is 20 years. After this, it is possible to 
produce generics.
● promising compounds are often patented just as soon as the activity is detected by 

pre-clinical tests to avoid stealing them by concurrent companies, and protection 
period starts to run, although it takes several other years to develop the compound 

into a medicine capable to be used in therapy  increase of the price of the original 
medicine

● generics can then be significantly cheaper



  

A patent example: 
antihypercholesterolemics
(1st page shown; the whole patent has 62 
pages)
● the patent covers many compounds; 

among them
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cerivastatin, Lipobay®
● tested and shortly used for 

hypercholesterolemia; withdrawn for 
lethal rhabdomyolysis 



  

but also mentions

A patent example: 
antihypercholesterolemics
(1st page shown; the whole patent 
has 20 pages)
● the patent covers many 

compounds of the general 
formula
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atorvastatin, originally intended rather as an open analogue a title compounds
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atorvastatin [INN]; a HMG-CoA-reductase 
inhibitor, antihyperlipidemic
Lipitor®: original
17 generics currently approved and traded  in 
ČR: Amedo, Amlator, Atoris, Atorstad, 
Atorvastatin Aurovitas, Atorvastatin Krka, 
Atorvastatin Mylan, Atorvastatin Ratiopharm 
GMBH, Caduet, Euvascor, Lipertance, Sortis, 
Torvacard Neo, Torvazin, Tulip, Zetovar, 
Zoletorv  



  

A patent with atorvastatine polymorphs



  

A patent devoted to diuretics and 
antihypertensives such as etozoline 



  

Diuretic effects of etozoline enantiomers in rats

A - ()-(R,S) etozoline
B - (+)-(S) dexetozoline
C - (-)-(R)  
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Generics and biosimilars

Generics: small molecules – contain the same active compound as the original and 

reach 80 – 105 % of the bioavailability of the original
● bioavailability: % of administerd dose that absorbs into blood circulation (eg. from 

GIT)

„Biosimilars“ (EMA) = „follow-on proteins“ = „similar biotherapeutic products (WHO) = 

„similar biologics“ (India) etc. - contain the biologic drug prepared by the similar way and 

with the chemico-physical and analytical characteristics closely similar to the original (= 

„originator product“ or „innovator product“) but the same activity must be clinically 

demonstrated at least in its main indication
● also biosimilars can be manufactured when the original product´s patent expires



  

Committee for Medicinal Products for Human Committee for Medicinal Products for Human 
Use (CHMP) Guideline on Similar Biological Use (CHMP) Guideline on Similar Biological 

Medicinal ProductsMedicinal Products 
(CHMP/437/04)

“It should be recognised that, by definition, similar biological by definition, similar biological 
medicinal products are not genericmedicinal products are not generic medicinal products, since it 
could be expected that there may be subtle differencessubtle differences between 

similar biological medicinal products from different manufacturers or 
compared with reference products, which may not be fully apparent may not be fully apparent 

until greater experience in their use has been establisheduntil greater experience in their use has been established.  
Therefore, in order to support pharmacovigilance monitoring, the 
specific medicinal product given to the patient should be clearly 

identified.”



  

Biologics or biological drugs

officially (WHO) „biological and  biotechnological substances“

Main features of biologics

typically obtained by other way than by classical chemical synthesis (semisynthetic 

modifications are possible)

typically Mr > 1000 (up to 1000 „small molecules“) - greater, more complex, usually exhibit 

a primary structure (a sequence of  amino acids or nucleotides), a secondary structure (-

helix, “folded sheet”, influence of -S-S- bridges), a tertiary structure (general space 

arrangement of a monomeric molecule), and a quraternary  structure (grouping of 

monomers); many proteins are glycosylated

 due to their hydrophilicity and big M
r
 they cannot be absorbed from GIT and thus they 

must be administered parenterally (injections, infusions) 

but all the above conditions don´t have to be necessarily fulfilled for classification of a 

drug as biologic



  

An illustration of the difference between a biologic and a “small molecule”: erythropoietin and 
acetylsalicylic acid (Aspirin)

 



  

Blood factors of erythropoetine type

M
r 
about 30 600

erythropoietin (EPO)
= glycosylated  protein from 165 AA
Erythropoietini solutio concentrata EP
= a solution containing a group of closely related glycoproteins, which are not to distinguish from the natural human 
erythopoietin (human urine erythropoietin, huEPO), from the point of view of 165 amino acids sequence and their 
average profile of glycosylation
● naturally released from kidneys of adults and in liver of foetus
● stimulates stem cells of bone marrow to proliferation and differentiation
● produced in vitro mostly in rodent cell lines by a method based on the recombinant DNA
● technology
● INN names: epoetin + greek letter spelt in full (eg. epoetin beta)
● various epoetins differ in glycosylation, complex branched oligomeric sugar chains are attached 
● treatment of anaemia in chronic kidney failure, missused for doping in sports

European pharmacopoeia, 10th edition



  

Japanese Pharmacopoeia, XVIth ed.



  

Japanese Pharmacopoeia, XVIth ed.



  

INN name: 
epoetin

Year of 
discove
ry/appro
val

Production 
organism / tissue

Mr
CAS

Glycosylation 
pattern

Originator 
product/biosimilar

Brand names ®, 
generic codes 

alfa 2000 Chinese hamster 
ovary 113427-24-0

similar to uhEPO orig/biosim Eprex, Binocrit, 
Abseamed, Epoetin alfa 
Hexal

beta 1997 Chinese hamster 
ovary

122312-54-3 orig Neorecormon

gama 1990 C127 murine cells 
transfected with 
huEPO cRNA

28 000-31 000
130455-76-4

orig TYB-5220

delta 2002 - 
2009

human fibrosarcoma 
cell line HT-1080

261356-80-3 less O-acetyls in O-
glycan chains; 
similar to uhEPO

orig Dynepo

epsilon 1995 154725-65-2 orig

zeta 2007 Chinese hamster 
ovary

32 000-40 000
604802-70-2

biosim. of EPO alfa Silapo, Retacrit 

theta 2009 Chinese hamster 
ovary 762263-14-9

sugars represent 
40 % of total Mr 

orig Biopoin, Eporatio

kappa 2010 Chinese hamster 
ovary

11096-26-7 biosim. of EPO alfa Epoetin alfa BS 
injection ®

omega 1986 BHK-21 cells of 
Chinese hamster 
kidney 

148363-16-0 greater sialylation 
of tetraantenary N-
linked chains

orig Epomax, Hemax

Overwiew of epoetins



  

Remarks to biosimilars in epoetins
● epoetin alfa: Eprex (originator), Binocrit, Abseamed (biosimilars)

 epoetin kappa: Epoetin alfa BS injection ®  

epoetin theta: Biopoin ®, Eporatio ®
● all above biosimilars are biosimilars of epoetin alfa, but they have been found to be 

so different from the original, that WHO nomenclature commission has given them 
other INNs  



  

International patent application for 1st recombinant EPO
production
(whole application has 76 pages)
● later named “epoetin omega”: Epomax®, Hemax® 



  

A South African patent for an early epoetin



  

Heading of an European patent for a 
chromatography purification of an epoetin (probably 
Binocrit® - a biosimilar of epoetin alfa)



  

Heading of a Japanese patent 
devoted to purification of an epoetin 
analog with pI < 4 



  

How much “the same”, similar or different are individual epoetin originator products and 
biosimilars? 
Differences in individual epotins' glycosylation pattern: capillary zone electrophoresis (CZE) in accordance with 
the European Pharmacopoea.

=epoetin alfa orig. =epoetin alfa biosim.

=epoetin zeta (epoetin alfa biosim.)

=epoetin delta

Brinks V. et al., Pharm. Res. 28, 386-393 (2011)



  

Monoclonal antibodies (MABs)

trastuzumab
Herceptin ® (originator); Ontruzant ®  (biosimilar)

● humanized antibody
● IgG1 κ anti – HER2
●family of receptors for epidermal growth factor includes 4 structurally very similar receptors: 

Erb/HER (EGFR; HER-1, and ERBB1), human EGFR-2 (HER-2 and
●ERBB2), HER-3, a HER-4, transmembrane glycoproteins containing a domain binding an 

intracellular ligand  and an intracellular receptor tyrosine kinase (RTK) domain
●deregulation of Erb/HER pathway by over-expression or by constitutive activation can trigger 

a cancer process including angiogenesis and metastasising and brings a bad prognosis in 

many types of human cancers
●



  

● early studies with trastuzumab as a single agent in HER-2-positive metastatic breast cancer 

achieved overall responses of 11.6 and 15% for patients who had progressed after 

chemotherapy. As a first-line treatment for metastatic breast cancer, trastuzumab showed 

response rates of 26% in HER-2-positive patients and responses of 35% in patients with 3+ 

HER-2 overexpression by immunohistochemistry and 34% in patients positive for HER-2 

gene amplification by fluorescence in situ hybridisation (FISH).

● a pivotal phase III trial of trastuzumab in combination with chemotherapeutic agents 

demonstrated an overall response rate of approximately 50% (versus 32%), longer duration 

of response (time to progression; 7.4 versus 4.6 months), longer survival (overall 

survival: 25.1 versus 20.3 months) and a 20% reduction in risk of death compared to 

chemotherapy alone in HER-2 overexpressing metastatic breast cancer.



  

Main importance of both generics and biosimilars:
● lower price than in originals  better chance of availability of (relatively) modern medicines 

for more patients

However, currently worsened availability of some medicines, mainly generics, for patients in 
ČR and whole Europe is mainly caused by moving of production of drug substances, and 
often the complete drug forms, to India and China. These countries prefer in a case of 
increased need their inner markets. Moreover, prices of drugs in ČR belong to the lowest 
ones in the Europe, that´s why other countries are favoured in supply of medicaments in 
times of their shortage. Furthermore, our country more or less tolerates re-export of 
medicines from us to other countries, where their prices are higher. 



  

A new Chinese patent for a relatively old drug



  

Patents are not only tools of the legal protection of an intellectual  property, but they can also 
serve as an important resource of information for research and researchers. Moreover, they 
are freely available from data bases of patent offices.

Some interesting patent offices:

ČR ÚPV Úřad průmyslového vlastnictví
https://upv.gov.cz/informacni-zdroje/narodni-databaze/databaze-patentu-a-uzitnych-vzoru
● also links to foreign data bases
Europe EPO European patent office-Espacenet
https://worldwide.espacenet.com/advancedSearch?locale=en_EP
● search patents from virtually all countries including international patents
Germany DEPATIS https://depatisnet.dpma.de/DepatisNet/depatisnet?action=erweitert

USA USPTO United States Patent and Trademark Office https://www.uspto.gov/
● basic patent search: https://ppubs.uspto.gov/pubwebapp/static/pages/ppubsbasic.html

Japan Japan Patent Office JPO https://www.j-platpat.inpit.go.jp/ 

https://upv.gov.cz/informacni-zdroje/narodni-databaze/databaze-patentu-a-uzitnych-vzoru
https://worldwide.espacenet.com/advancedSearch?locale=en_EP
https://depatisnet.dpma.de/DepatisNet/depatisnet?action=erweitert
https://www.uspto.gov/
https://ppubs.uspto.gov/pubwebapp/static/pages/ppubsbasic.html
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