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Artemisinin



Olika stora molekyler

Artemisinin Ett protein,
här en 
antikropp



Peptider



ANTIULCERANTS ANTIPSYCHOTICS CHOLEST&TRIGLY.REGULATOR CORTICOIDS ANTIDEPRESS.& MOOD STAB. SPEC ANTIRHEUMATIC AGENT SPEC ANTIRHEUMATIC AGENT IMMUNOSUPPRESSIVE AGENTS IMMUNOSTIM AG EX INTFRON IMMUNOSTIM AG. EX. INTFRON. ANTILEUK ANTIASTHMATICS ALL OTH. ANTINEOPLASTICS PLATELET AGGR.INHIBITORS HIV ANTIVIRALS CHR. OBS. PULMONARY DIS. NARCOTIC ANALGESICS DPP-IV INHIBITOR A-DIABS ALL OTH. ANTINEOPLASTICS HUMAN INSULIN+ANALOGUES HIV ANTIVIRALS 

HUMAN INSULIN+ANALOGUES ERYTHROPOIETIN PRODUCTS ANGIOTEN-II ANTAG, PLAIN ANTIEPILEPTICS CHOLEST&TRIGLY.REGULATOR ANTIRHEUMATIC N-STEROID ALL OTH. ANTINEOPLASTICS ALL OTH. ANTINEOPLASTICS ANTI-ALZHEIMER GLITAZONE ANTIDIABETICS INTERFERONS ANTIANGIOGENICS PSYCHOSTIMULANTS DRUGS USED IN OPIOID DEP ANTIPSYCHOTICS CHOLEST&TRIGLY.REGULATOR PSYCHOSTIMULANTS ANDROGENS, EXCL G3E,G3F ANTIVIRAL ANGIOTEN-II ANTAG, COMB 

ANAESTHETICS, LOCAL CHOLEST&TRIGLY.REGULATOR B2-STIMULANTS+CORTICOIDS INTERFERONS HUMAN INSULIN+ANALOGUES ANTIPSYCHOTICS CHOLEST&TRIGLY.REGULATOR ANTIMETABOLITES ALL OTH. ANTINEOPLASTICS HUMAN INSULIN+ANALOGUES ANTICHOLINERGIC+B2-STIM ERECTILE DYSFUNCTION PRD B2-STIMULANTS ERYTHROPOIETIN PRODUCTS CHOLEST&TRIGLY.REGULATOR TOPICAL NASAL PREPS HUMAN INSULIN+ANALOGUES ANTI-ATHEROMA NATRL ORIG HUMAN INSULIN+ANALOGUES CORTICOIDS 

CORTICOIDS HIV ANTIVIRALS LIP.REG.CO.W.OTH.LIP.REG HIV ANTIVIRALS IMMUNOSTIM. AG. EX. INTFRON. DPP-IV INHIBITOR A-DIABS ERYTHROPOIETIN PRODUCTS ERECTILE DYSFUNCTION PRD ANTIULCERANTS PSYCHOSTIMULANTS IMMUNOSUPPRESSIVE AGENTS ANTICOAGULANT MULTIPLE SCLEROSIS HIV ANTIVIRALS INTERFERONS ANTIRHEUMATIC AGENTS PURE VACCINES URINARY INCONTINENCE PRD TYPE 2 DIABETES PRODUCT ANTIULCERANTS 

ANTIDEPRESS.& MOOD STAB. SPEOF. IMM-GLOB. ANTIVIRAL ANGIOTEN-II ANTAG, PLAIN HYPNOTICS & SEDATIVES SERMS ANTIBACTERIAL HUMAN INSULIN+ANALOGUES ANTIARTHRITIC HYPERKAL.HYPERPHOS.PRODS CHOLEST&TRIGLY.REGULATOR ANTIMETABOLITES OTHER ANTIBACTERIALS B2-STIMULANTS ALL OTH. ANTINEOPLASTICS ALL OTH. A-ASTHMA & COPD. PARATHYROID HORM.REGULATOR ANTICANCER HUMAN INSULIN+ANALOGUES ANTIPSORIASIS OSTEOPOROSIS 

ANGIOTEN-II ANTAG, COMB HYPOTHALAMIC HORMONES CONTRACEPTIVES PURE VACCINES PSYCHOSTIMULANTS ALL OTH. ANTINEOPLASTICS ANTIBACTERIAL URINARY INCONTINENCE PRD BONE CALCIUM REGULATORS ANTICANCER ANTIARTHRITIS ANTIBIOTIC ANTIDEPRESS.& MOOD STAB. PURE VACCINES ANTIDEPRESS.& MOOD STAB. ANTIVIRALS EXCL ANTI-HIV ANTIPSYCHOTIC ALL OTHER CNS DRUGS CHOLEST&TRIGLY.REGULATOR IMMUNOSUPPRESIVE AGENTS 

INTESTINAL ANTIINFLAMM B-BLOCKING AGENTS HIV ANTIVIRALS HUMAN INSULIN+ANALOGUES HORMONAL CONTRACEPT SYST ANTICANCER BPH PRODUCTS CORONARY VASODILATOR HEPARINS HIV ANTIVIRALS ANTI-ALZHEIMER PRODUCTS PSYCHOSTIMULANTS IMMUNOMODULATORY AGENTS HORMONAL CONTRACEPT SYST PSYCHOSTIMULANTS ANTIDEPRESS.& MOOD STAB. PSYCHOSTIMULANTS HIV ANTIVIRAL VASCULAR CONSTRICTOR PARATHYROID HORM&ANALOGS 

ANTIPSYCHOTICS OESTROG EX G3A,G3E,G3F ANTICANCER CHOLEST&TRIGLY.REGULATOR ANTIARRHYTHMIC AGENTS ANTIDIABETIC ANTIBACTERIAL GLP-1 AGONIST A-DIABS PLATELET AGGR.INHIBITORS DRUGS USED IN OPIOID DEP ANTIEMETIC IMMUNOMODULATORY AGENTS MIOTICS+ANTIGLAUC.PREPS ANTIHYPERTENSIVE MIOTICS+ANTIGLAUC.PREPS. CYSTIC FIBROSIS PURE VACCINES ANTIPSYCHOTICS ANALGESICS ANTITHROMBOTIC 

INTESTINAL ANTIINFLAMM ANTIRHEUMATIC AGENT ANTIPSYCHOTICS BONE CALCIUM REGULATORS IMMUNOSUPPRESSIVE AGENTS NARCOTIC ANALGESICS HORMONAL CONTRACEPT SYST HUMAN INSULIN+ANALOGUES ANGIOTEN-II ANTAG, PLAIN GLUCOCORTICOID ANTICANCER ANTIPSYCHOTICS MULTIPLE SCLEROSIS ALKYLATING AGENTS PYSCHOSTIMULANTS ANTICANCER ANTICANCER VACCINES HIV AND CMV ANTIVIRAL ANGIOTEN-II ANTAG, COMB 

HORMONE REPLAC. AGENTS ENZYME INHIBITORS PSYCHOSTIMULANTS PLATELET AGGR.INHIBITORS ANTIACNE CORTICOSTEROID ANTISMOKING PRODUCTS OSTEOPOROSIS ANTICANCER ANTICANCER IMMUNOMODULATORY AGENTS ANTIVIRAL HIV ANTIVIRALS ANTIMIGRAINE PREPS CORTICOSTEROID PLASMINOGEN ACTIVATOR ANTIEPILEPTIC AGENT ANTIARTHRITIS OSTEOARTHRITIS ANTICANCER

$5,989 Million $5,870 Million $5,092 Million $4,889 Million $4,720 Million $4,609 Million $4,337 Million $3,876 Million $3,581 Million $3,460 Million $3,300 Million $3,197 Million $2,971 Million $2,899 Million $2,833 Million $2,808 Million $2,670 Million $2,661 Million $2,327 Million $2,305 Million

( Esomeprazole ) ( Aripiprazole ) ( Rosuvastatin ) ( Fluticasone Propionate ) ( Duloxetine ) ( Adalimumab ) ( Etanercept ) ��,QÁL[LPDE�� ( Glatiramer Acetate ) ��3HJÀOJUDVWLP�� ( Montelukast ) ( Rituximab ) ( Clopidogrel ) ( Emtricitabine, Tenofovir Disoproxil & Efavirenz ) ( Tiotropium ) ( Oxycodone ) ( Sitagliptin ) ( Bevacizumab ) ( Insulin Glargine ) ( Emtricitabine & Tenofovir )

( Insulin Glargine ) ( Epoetin Alfa ) ( Valsartan ) ( Pregabelin ) ( Atorvastatin ) ( Celecoxib ) ( Trastuzumab ) ( Imatinib ) ( Memantine ) ( Pioglitazone ) ( Interferon beta-1a ) ( Ranibizumab ) ( Lisdexamfetamine ) ( Buprenorphine & Naloxone ) ( Quetiapine ) ( Ezetimibe ) ( Methylphenidate ) ( Testosterone ) ( Telaprevir ) ( Valsartan & Hydrochlorothiazide )

( Lidocaine ) ( Atorvastatin ) ( Budesonide & Formoterol ) ( Interferon beta-1a ) ( Insulin Aspart ) ( Quetiapine ) ��)HQRÀEUDWH�� ( Pemetrexed ) ( Oxaliplatin ) ( Insulin Detemir ) ( Salbutamol & Ipratropium ) ��6LOGHQDÀO�� ( Salbutamol ) ( Epoetin Alfa ) ( Niacin ) ( Mometasone ) ( Insulin Aspart ) Omega 3-Acid Ethyl Esters ) ( Insulin Lispro ) ( Fluticasone Propionate )

( Filgrastim ) ( Atazanavir ) ( Ezetimibe & Simvastatin ) ( Raltegravir ) ( Budesonide ) ( Sitagliptin & Metformin ) ( Darbepoetin Alfa ) ��7DGDODÀO�� ( Rabeprazole ) ( Amphetamine & Dextroamphetamine ) ( Ciclosporine ) ( Dabigatran ) ( Fingolimod ) ( Darunavir ) ( Interferon beta-1b ) ( Abatacept ) ( Varicella Zoster ) ( Solifenacin ) ( Liraglutide ) ( Dexlansoprazole )

( Escitalopram ) ( Palivizumab ) ( Olmesartan ) ( Eszopiclone ) ( Raloxifene ) ( Pneumococcal 13-Valent Conjugate ) ( Enoxaparin ) ( Levothyroxine ) ( Sevelamer ) ( Atorvastatin ) ( Capecitabine ) ( Linezolid ) ( Salbutamol ) ( Bortezomib ) ( Omalizumab ) ( Cinacalcet ) ( Cetuximab ) ( Insulin Lispro ) ( Ustekinumab ) ( Denosumab )

( Olmesartan & Hydrochlorothiazide ) ( Ocreotide Acetate ) ( Levonorgestrel ) ( Herpes Zoster ) ( Dexmethylphenidate ) ( Erlotinib ) ( Daptomycin ) ( Tolterodine ) ( Zolendronic Acid ) ( Bendamustine ) ( Colchicine ) ( Minocycline ) (  Escitalopram ) ( Human Papilloma Quadrivalent ) ( Desvenlafaxine ) ( Peginterferon alfa-2a ) ( Paliperidone Palmitate ) ( Atomoxetine ) ��)HQRÀEUDWH�� ( Lenalidomide )

( Mesalazine ) ( Nebivolol ) ( Tenofovir ) ( Enoxaparin ) ( Norethindrone Acetate & Ethinyl Estradiol ) ( Ipilimubab ) ( Dutasteride ) ( Regadenoson ) ( Enoxaparin ) ( Abacavir & Lamivudine ) ( Rivastigmine ) ( Amphetamine & Dextroamphetamine ) ( Immune Globulin ) ( Etonogestrel & Ethinyl Estradiol ) ( Amphetamine & Dextroamphetamine ) ( Escitalopram ) ��0RGDÀQLO�� ( Ritonavir ) ( Epinephrine ) ( Teriparatide )

( Risperidone ) ( Conjugated Estrogens ) ( Abiraterone ) ( Colesevelam ) ( Metoprolol ) ( Saxagliptin ) ( Rifaximin ) ( Exenatide ) ( Aspirin & Dipyridamole ) ( Oxymorphone ) ( Palonosetron ) ( Immune Globulin ) ( Bimatoprost ) ( Guanfacine ) ( Travoprost ) ( Dornase Alfa ) ( Pneumococcal Polyvalent ) ( Olanzapine ) ( Hydrocodone & Acetaminophen ) ( Bivalirudin )

( Mesalazine ) ( Certolizumab ) ( Ziprasidone ) ( Risedronic Acid ) ( Tacrolimus ) ( Fentanyl ) ( Norgestimate & Ethinyl Estradiol ) ( Insulin Aspart ) ( Ranolazine ) ( Beclomethasone Dipropionate ) ( Everolimus ) ( Paliperidone ) ( Natalizumab ) ( Temozolomide ) ��$UPRGDÀQLO�� ( Dasatinib ) ( Nilotinib ) ( Ttns. Tox. & Rdcd. Diphth. Tox. & Acel. Pert. ) ( Valganciclovir ) ( Amlodipine & Valsartan )

( Somatropin ) ( Piperacillin & Tazobactam ) ( Amphetamine & Dextroamphetamie ) ( Prasugrel ) ( Isotretinoin ) ( Fluticasone Propionate & Salmeterol ) ( Varenicline ) ( Zoledronic Acid ) ( Azacitidine ) ( Paclitaxel ) ( Immune Globulin ) ( Oseltamivir ) ( Emtricitabine, Rilpivirine & Tenofovir Disoproxil ) ( Rizatriptan ) ��&LSURÁR[DFLQ�	�'H[DPHWKDVRQH�� ( Alteplase ) ( Lacosamide ) ( Golimumab ) ( Hylan G-F 20 ) ( Sunitinib )

 NexIUM  Abilify  Crestor  Advair Diskus  Cymbalta  Humira  Enbrel  Remicade  Copaxone  Neulasta  Singulair  Rituxan  Plavix  Atripla  Spiriva HandiHaler  OxyContin  Januvia  Avastin  Lantus  Truvada

 Lantus SoloSTAR  Epogen  Diovan  Lyrica  Lipitor  Celebrex  Herceptin  Gleevec  Namenda ACTOS  Avonex  Lucentis  Vyvanse  Suboxone  SEROquel  Zetia     Methylphenidate ER  AndroGel  Incivek  Diovan HCT

 Lidoderm  Atorvastatin  Symbicort  Rebif  NovoLog  SEROquel XR  Tricor  Alimta  Eloxatin  Levemir  Combivent  Viagra  ProAir HFA  Procrit  Niaspan  Nasonex  Novolog Flexpen  Lovaza  Humalog  Flovent HFA

 Neupogen  Reyataz  Vytorin Isentress  Budesonide  Janumet  Aranesp Cialis  AcipHex  Adderall XR  Restasis  Pradaxa  Gilenya  Prezista  Betaseron  Orencia  Varivax  VESIcare  Victoza 3-Pak  Dexilant

 Lexapro  Synagis  Benicar  Lunesta  Evista  Prevnar 13  Enoxaparin  Synthroid  Renvela  Atorvastatin  Xeloda  Zyvox  Ventolin HFA  Velcade  Xolair  Sensipar  Erbitux  Humalog KwikPen  Stelara  Xgeva

 Benicar HCT   Sandostatin LAR  Mirena  Zostavax  Focalin XR  Tarceva  Cubicin  Detrol LA  Zometa  Treanda  Colcrys  Solodyn  Escitalopram  Gardasil  Pristiq      Pegasys Con. Pack   Invega Sustenna  Strattera  Trilipix  Revlimid

 Asacol  Bystolic  Viread  Enoxaparin  Loestrin 24 Fe  Yervoy  Avodart  Lexiscan  Lovenox  Epzicom  Exelon       Amphetamine Salts  Gamunex-C  NuvaRing      Amphetamine Salts  Escitalopram  Provigil  Norvir  EpiPen 2-Pak  Forteo

  Risperdal Consta  Premarin  Zytiga  Welchol  Metoprolol  Onglyza  Xifaxan  Byetta  Aggrenox  Opana Er  Aloxi  Privigen  Lumigan  Intuniv  Travatan Z  Pulmozyme  Pneumovax 23  ZyPREXA       Hydrocodone/APAP  Angiomax

 Lialda  Cimzia  Geodon  Actonel  Prograf  Fentanyl       Ortho Tri Cycl. Lo 28    NovoLog FlexPen  Ranexa  Qvar �$ÀQLWRU  Invega  Tysabri  Temodar  Nuvigil  Sprycel  Tasigna  Adacel  Valcyte  Exforge

 Nutropin AQ  Zosyn       Amphetamine Salts �(IÀHQW  Claravis  Advair HFA  Chantix  Reclast  Vidaza  Abraxane       Gammagard Liquid �7DPLÁX  Complera  Maxalt  Ciprodex  Activase  Vimpat  Simponi  Synvisc-One  Sutent

 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20

 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38 39  40

 41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60

 61  62  63  64  65  66  67  68  69  70  71  72  73  74  75  76  77  78  79  80

 81  82  83  84  85  86  87  88  89  90  91  92  93  94  95  96  97  98  99  100

 101  102  103  104  105  106  107  108  109  110  111  112  113  114  115  116  117  118  119  120

 121  122  123  124  125  126  127  128  129  130  131  132  133  134  135  136  137  138  139  140

 141  142  143  144  145  146  147  148  149  150  151  152  153  154  155  156  157  158  159  160

 161  162  163  164  165  166  167  168  169  170  171  172  173  174  175  176  177  178  179  180

 181  182  183  184  185  186  187  188  189  190  191  192  193  194  195  196  197  198  199  200

Reference
http://www.pharmacytimes.com/publications/issue/2013/July2013/Top-200-Drugs-of-2012

Top 200 Pharmaceutical Products by US Retail Sales in 2012
Compiled and Produced by the Njardarson Group (The University of Arizona): Edon Vitaku, Elizabeth A. Ilardi, Jón T. Njarðarson



Och 2019… 11 av top 15! > 80 totalt
Poster av Njardarson group, University of Arizona 



Varför?

Vilka fördelar har proteiner som
läkemedel?

Nackdelar?



Proteiner som läkemedel

Kemin och biologin bakom

Tillverkning och produktion



Biologin och kemin bakom

• DNA-mRNA-protein (transkription/translation)

• Aminosyror byggstenarna i proteiner

• Amidbindningar/peptidbindningar

• Primär, sekundär, tertiar, kvartär struktur

• Posttranslationella modiferingar (PTM)



Alfa-kolet kiralt

Byggstenen

Sekvens av aminosyror primärstruktur
Hydrofoba, hydrofila, laddade aminosyror beroende på sidokedjan
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Sidogrupper
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Post-translationella modifikationer

Glykosylering: N-eller O-bundet socker på Ser, Thr, Asn

Fosforylering: Reversibel fosforylering av Ser, Thr, Tyr

N-terminal acylering

C-terminal amidering

Disulfider (disulfidbryggor)



Veckning och struktur

Sekundärstruktur: alfa-helix, beta-sheet, loopar och svängar

alfa-helix beta-sheet



Veckning och struktur
Tertiärstruktur: proteinets rymdstruktur. Presenteras ofta med 
bara skelettet (bara peptidbindningar) eller som rymdstruktur
(ytan på strukturen)

Kvartärstruktur: flera peptider/proteiner struktur tillsammans



Veckning och struktur

Proteiner bara aktiva i sin rätta tertiära (tre-
dimensionella) struktur

Aminosyrasekvensen kodar för detta, hur det går till är
dock okänt i detalj

Oxidativ veckning – formering av disulfider



Tillverkning/Produktion

Ulf Göransson

Proteiner och 
Peptider som 

Läkemedel

• Isolering från källan

• Kemisk syntes

• Rekombinanta tekniker

Cellexpansion Induktion av produkt Skörd Rening Formulering Förpackning

Upstream och Downstream

Studiebesök Testa



Exempel insulin

• Insulin
– gen (inkl intron)
– preproinsulin 110 aminosyror (24 aa exportsignal)
– proinsulin (inkl 35 aa peptid C)
– insulin

• Från pankreas av gris (1 aa skillnad) och nöt (3 aa skillnad)
– sidoeffekter

• Konvertera insulin från gris till humant insulin
– C-terminalt alanin ersätts med threonin med enzymatiska metoder

• Rekombinant uttryck
– Först A och B separat
– Sedan proinsulin

• Genteknik
– Förändra sekvens för snabbare insulin

• Se Kapitel 3 i kursboken “Biotechnology for Beginners”



Produktionssystem rekombinanta
proteiner

Ulf Göransson

Proteiner och 
Peptider som 

Läkemedel

Prokaryoter:
Bakterier: hög koncentration, billigt,enkelt, skalbart, kan ej
glykosylera och veckar ej som eukaryota. Ex E.coli

Eukaryoter:
Jäst: hög concentration; sekretion, disulfider, glykosylering och
korrekt veckning möjlig

Mammalieceller: Korrekt veckning och PTM, teknikkrävande
(dyrt och långsamt, låga utbyten. Chinese hamster ovary 
(CHO) cells); Transgena djur (Atryn®) 

Växter: Korrekt veckning och PTM, skalbart, ingen risk för
humana patogener, kan glykosylera liknande mammalieceller. 
Första läkemedlet Elelyso™. Zmapp™.



Raskin et al, Trends in Biotechnology, 2002, 20:522 - 531

Jämförelse produktionssystem

Mellan bakterier, jäst, växter, 
mammalieceller, och transgena
djur



Filtrering/Koncentrering

Ta bort bulk/debris

Isolering av slutprodukt fri från kontaminanter
och varianter

Metoder för rening och analys

Isolering och rening av produkten



Värd-relaterade: virus, bakterier, värdrelaterade 
proteiner/DNA, PTM varianter, endotoxiner

Produkt-relaterade: substitutioner av 
aminosyror, denaturerat protein, isomera 
konformationer, dimerer/aggregat

Process-relaterade: komponenter från 
odlingsmedium och/eller upprening (tex 
hormoner, vitaminer), metaller, kolonnmaterial

Kontaminationer



• Renhet >99%

• Möjliga problem
• Deamidering (Asn till Asp/betaAsp) 
• Oxidation (Trp/Met) 
• Omlagring av disulfidbryggor
• Aggregering
• Enzymatisk nedbrytning

• Vilka aminosyror viktiga?

Hur kontrollera detta? Se Ytterbergs 
föreläsning

Kvalitet och stabilitet



Läkemedel

Antikroppar, polyklonala och monoklonala
antikroppar

Proteiner, tex HGH, FVIII (glykosylerat, chinese
hamster ovary cells, CHO), antitrombin (Atryn®, 
transgena djur), taliglucerase alfa (Elelyso®), 
interleukiner, interferoner



Antikroppsutveckling

Reichert et al, mAbs, 2008

- relativt hög % godkännande från fas 1 
till godkänd (ca 20%) (jfr med 
traditionella LM)

- Ca 50 godkända idag
- 2016, 6 nya godkända
- 2017 10 nya godkända
- 2018 12 nya godkända, 62 i sen klinisk
fas, ca 600 i klinisk utveckling totalt

Biosimilarer, Antibody Drug Conjugates, 
Bispecifika…

Reference: Antibodies to watch in 2020. Kaplon H, Muralidharan M, Schneider Z, Reichert JM. 

MAbs. 2020;12(1):1703531. doi:10.1080/19420862.2019.1703531



Rituximab
• Ett av de första antikroppsläkemedlen (1998) MabThera, 

Rituxan Indikation: Non-Hodgkin lymphoma 

• Målet CD20; uttrycks på B-celler. Antikroppsmolekylen blir en 
markör för NK celler

• Chimeric IgG1 – variabla domänen ej human (dvs mus)

Human – blå (mörk)



Company name, Country Product name Stage of development
Amgen, USA - Biosimilar in active development
Biocad, Russia* AcellBia Non-originator biological approved in Russia
BioXpress Therapeutics, Switzerland - Biosimilar in pipeline
Boehringer Ingelheim, Germany BI695500 Phase I and III trials

Celltrion/Hospira, South Korea/USA CT-P10 Phase I trial completed. Phase III trials for RA 
and lymphoma

Dr Reddy’s Laboratories, India* Reditux Reditux marketed in Bolivia, Chile, India and 
Peru

iBio, USA - Rituximab produced in non-transgenic green 
plants. 

Intas Biopharmaceuticals, India* MabTas ‘Similar biologic’ approved in India in February 
2013

Laboratorio Elea, Argentina Novex Medicamento biológico similar approved in 
Argentina in October 2013

Mabion, Poland MabionCD20 Phase III trial in lymphoma

Merck, USA MK-8808 Phase I trials in RA and lymphoma completed

Oncobiologics/Viropro, USA - Biosimilar in development; one

Pfizer, USA PF-05280586 Phase I/II study in RA completed, extension 
study and phase III study in lymphoma

Probiomed, Mexico* Kikuzubam Kikuzubam marketed in Bolivia, Chile, Mexico 
and Peru

Samsung BioLogics, South Korea SAIT101 Phase III trial in RA halted in 2012

Sandoz, Switzerland GP2013 Phase I trial in Japanese NHL patients, phase 
I/II trial in RA and phase III trial in lymphoma

Stada Arzneimittel, Germany - Made a deal with Gedeon Richter in 2011 for 
rituximab

Teva Pharmaceutical Industries/Lonza, 
Israel/Switzerland TL011 Phase III trial of TL011 halted

Torrent Pharmaceuticals/ Reliance Life 
Sciences, India* - Exclusive licensing agreement announced in 

December 2014

Zenotech Laboratories, India* Rituximab ‘Similar biologic’ approved in India in February 
2013

Biosimilarer Rituximab



Ado-trastuzumab emtansine

Kadcyla®, humaniserad IgG1; immunokonjugat, behandling av
bröstcancer

Trastuzumab binder till HER2 (human epidermal growth factor 
receptor 2) och hindrar tillväxt av celler; konjugatet DM1, en 
tubulinhämmare tas upp av cellen och inducerar apoptos

Tumor inhibitors. LXXIII. Maytansine, a 
novel antileukemic ansa macrolide from 
Maytenus ovatus, Kupchan, et al J. Am. 
Chem. Soc., 1972, 94 (4), pp 1354–1356




