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Pharma Industry from bench to bedside
Computational chemistry, gene isolation + transfection
Biopharmaceuticals more complex

Target finding, genomics

PD, toxicology, translation to F-i-H, MABEL

Engineering batch(es)  

PBPK/PD modeling, genotyping

Adapted from: Walsh G. Biopharmaceuticals: biochemistry and biotechnology. J.Wiley&Sons, Chichester (UK)1998, p. 38

Upgrade components, scale up, cleaning 
validation, media fill, qualification batch(es), 
analytical validation (partial)

Clinical trial feedbackProcess validation/registration batches, 
analytical validation (full)

Commercial batches, gowning, media 
fill, PQR/APR

Complaints, adverse reactions



Cordts E et al. Eur J Pharm Biopharm (2012).
Pilcer G et al. Int J Pharmaceutics (2010).
Boer de A et al. Adv Drug Del Rev (2012)

Multi-dose dry powder inhalers
EMA Guideline (2006) on pharmaceutical quality of inhalation products:
Necessary development studies a.o.                    through container life
Delivered dose uniformity + fine particle mass     over patient flow rate range
Delivery device development





Fukuchi Y et al. Respirology (accepted in 2013).

Grey, solid = budesonide 160 µg/formoterol 4.5 µg bid (via Turbuhaler, Symbicort)
Black, dotted = formoterol 4.5 µg bid (via Turbuhaler)

Phase III clinical trial Symbicort vs. formoterol

In 2014 EMA approved TEVA’s 
DuoResp Spiromax.
Comparable quality and bioequivalent to comparator
Symbicort Turbuhaler.



Injectable (bio)pharmaceuticals

Small molecules

• Levothyroxine: 777 Da (Mw)
– Raw materials (tablets): 6
– Analyses per lot: 67

• Chemically synthesized
• No immunogenicity
• Test bacteria, yeast/mld, BET
• In general stable
• 20th century: chemistry

Biopharmaceuticals

• rt‐PA (Actilyse®): 64 kDa
– Raw materials (inj.): 76
– Analyses per lot: >700

• Produced by (micro)organisms
• Immunogenicity is a challenge
• See sm + virus, mycopl, TSE
• Beware of temp. + aggregates
• 21st century: biology



Biosafety

Efficacy/dose frequency

Adverse effects

Targeting needs

Biologicals Biopharmaceuticals

1st generation Biopharmaceuticals Later generation Biopharmaceuticals

Doxorubicin Liposomal Doxorubicin

WBC upregulation: 
NO

Cytostatics to tumour: 
YES
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Biosafety



Pharmaceutical Visions 2001:35.

Mannucci PM et al. Exp.Opin.Emerg.Drugs 
2014;19:407-14.

Biosafety

• Nanofiltration

• Animal derived component 
free production



PEG
pegsunercept

Sources: Anderson PJ. Semin Arthritis Rheum 2005;34(Suppl1):19-22

Melmed GY et al. Nat Rev Drug Discov 2008;7:641-2

Dingermann Th, Zündorf I. Biotechnol J 2006;1:47-57

MAb or Fab

Fusion protein or PEG-soluble cytokine receptor



Chan AC, Carter PJ. Nat. Rev. Immunol 2010;10:301-16.

Abciximab

Infliximab
Etanercept
Certolizumab pegol
Rituximab

Rituximab



Wafelman AR. EurJHospPharm Practice 2011;17:30-35.
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Immunogenicity of biopharmaceuticals

Non-

Small molecules escape immune 
surveillance

Immunogenicity of mAbs  predom. vs. 
Fc (isoforms of amino acids/glycans)

Anti-Drug-Antibodies: shorter T½, lack 
of efficacy; worst case cross react with 
endogenous proteins.

Aggregates greatly enhance 
immunogenicity.



Abciximab (ReoPro)
• Inhibits platelet aggregation by

binding to the platelet GPIIb/IIIa rec.

• Indication: percut. coronary intervent. 

Crommelin DJA, Sindelar RD (eds.). Pharmaceut. Biotechnol., p. 314, 2008

Newsome BW, Ernstoff MS. Br J Clin Pharmacol 2008;66:6-19

Abciximab was developed as a Fab for the following reasons:

• short t½ (20-30 min) is for this indication an advantage: easy to titrate

• Fc is not needed: cytotoxic functions CDC, ADCC unwanted

• A missing Fc reduces immunogenicity of abciximab

• Abciximab – without Fc (glycosylated!) – is produced by E.coli



Wafelman AR in summary book Anselmus 
Colloquium 2008.

PEG-ylation



Sleep D et al. Biochim. Biophys. Acta (2013).



Powell JS et al. New Engl J Med (2013).

Phase III non-randomized clinical trial rec factor 
IX Fc fusion protein in Hemophilia B

5.8 days

2.8 days

<3%: moderate hemophiliaB

<1%: severe hemophiliaB

1-2x daily dosing

Conclusion: prophylactic rFIXFc, 1/wk or /2wk: low 
annualized bleeding rates in hemoph.B patients. 



Volovat C et al. Clin Breast Cancer (2014).

Phase III double-blind randomized clinical 
trial of balugrastim vs. pegfilgrastim

Balugrastim is the result of genetic fusion of r-HSA and G-CSF

Conclusion: comparable safety, noninferiority with 
regard to duration of severe neutropenia (DSN)



Egrie JC, Browne JK. Br J Cancer 2001;84(Suppl.1):3-10.

Hypersialylation: 
novel erythropoetin stimulating protein (NESP)
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From DOX to liposomal DOX to PEG-liposomal DOX…

(PEG)liposomes are designed with d= 50-100 nm

Opsonized

Cardiotoxicity

Facilitates breakdown by MPS EPR

Doxil ® superior 
over doxorubicin in 
Kaposi’s sarcoma
Northfelt et al. J Clin 
Oncol (1998)



Koshkaryev A et al. Adv Drug Deliv Rev (2013).
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…to targeted PEG-liposomal DOX (cytostatic)



Mamot Ch et al. Cancer Res (2005).
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Pre-clinical (tumor xenografted mice) EGFR-targ. immunolipos.

First-in-man open label phase I clinical trial

Well tolerated up to 50 mg/m²; clinical activity was recorded

Fab’ of cetuximab
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Pre-clinical (tumor-bearing mice) oxali in transferrin-PEG-lip
In vitro
Squares = PEG-lip(oxali)
Circles = tf-PEG-lip(oxali)
Black = without excess tf
Open = excess tf, competition

transferrin receptor-
mediated internalization 
of tf-PEG-lip, not PEG-lip

In vivo
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MR-Imageable temperature-sensitive (HIFU) liposomes

41.3 ˚C

0 mol%

15 mol%




