
2nd part: 

 Friedrich Möll 

• Critical steps & what could happen where 

• Focus on Preparation & Administration 

• Proposal for a Risk Assessment 



Critical steps: what can happen where ? 

Temperature: 

High, Thaw-Freezing 

Preparation: 

 Dilution, Pumping, 

Shearing, Shaking….. 

Administration I: 

Primary Packing 

material, Flushing, 

Filtration, Freezing….. 

Administration II:  

Location, Time, Co-

medication, Patient…. 

• Chemical degradation(s) 

• Aggregations 

• Denaturation 

• Adsorption: Association to 

surfaces as container 

walls, tubes ± 

denaturation  

• Aggregation: reversible – 

not reversible 

• Precipitation (macroscopic 

Aggregates)  Particles 

 Source ? 

• Aggregations 

• Interactions 
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Administration II:  

Location, Time, Co-

medication, Patient…. 
• Aggregation 

• Interactions 



Critical steps: Temperature control 

Check of the receipt 
• Check of the temp. device: are limits clear? 

• Isolation of the box enough – for how long? 

• Extreme climate conditions: summer – winter? 

 

Validation of the fridges, temperature 
devices & -loggers: 

• Validated fridge-room: hottest - coldest point 
 Documented validation 

• Fridges on the ward: responsibility 

• Fridges on the ward: min-max temperature 
dev.  

 

Transportation to the ward: 

• Validated transport boxes 

• Max time from pharmacy to fridge on the ward 



Critical steps: Temperature mapping I 

Example: 

Validation of a Fridge-Room in a Hospital Pharmacy: 

• WHO Guide to Good Storage Practices for Pharmaceuticals; 4.18: “Temperature 

mapping should show uniformity of the temperature across the storage facility.” 

 
Door 

S3 S1 S2 

S4 



Critical steps: Temperature mapping II 

Freeze-Thaw-

Cycles of the 

Cooler 

2004 2007 

Opening of the 

Door in the 

morning time 

Blue (S1): 

warmest point 

 most critical 

Green (S2): 

coldest point 

 less critical 

Ca. 16h > 8°C 

in 15 days  

relevant ? 

Ca. 6h > 8°C 

in 30 days 

„Not easy to keep a 

fridge-room 

between 2° - 8°C“ 

S1  S3 

S2  S4 



Critical steps: Cold Chain Supply Chain 

Example: 

 

Validation of transport boxes to the ward 

 

 

For many years…… 

Walls to thin, cask cover 

to loose….. 

Good fit of the cask 

cover. Most important: 

cool down in fridge 

without cask cover 



Critical steps: Preparation 

Preparation skills: 
 

• Where to prepare: 

– Pharmacy 

– Ward 

• Who prepares - Know How: 

– Of a hospital pharmacist 

– Of a nurse (with experience) 

• “….aseptic handling or 
technique”: 

– Only possible with LF 

– “Normally on the ward”….. 

• Teaching: 

– By Pharmaceutical Company ? 

– By Hospital Pharmacy ? 

LF, lamina flow 



Example: Remicade® 

(Infliximab) 
 

Clear description of the 
handling (UK): 

• Instant use or delayed use  
stability ? 

• Preparation: direct the stream of 
the sterile Water to the glass of 
the vial….   shear stress…. 

• Preparation:  Avoid vigorous 
agitation.. Only gently swirling 
the solution…… reproducible 
done ? 

• Filter: because of aggregates  
really used ? 

 

Question: is this really all done on 
all wards ? 



Example: Xolair® 

(Omalizumab, E25) 
 

Clear description of 
the handling (UK): 

• Instant use or delayed 
use  stability ? No 
preservatives 

• Preparation: inject the 
SWFI directly onto the 
product 

• Preparation:  gently 
sweep the vial for 
approx. 1 minutes… do 
not shake…. 
reproducible done ? 

 

Question: is this really all 
understood and done    
on all wards ? 



Example: Xolair® 

(Omalizumab; E25) 

Problem: 

• Aim: to obtain a very high concentrated protein solution: 75 – 150mg/ml = 7.5 - 15% ! 

•  High viscosity  shear stress shaking  Aggregation!  sc application 

http://www.novartis.se/news/images/Xolairmodeofaction4.JPG 

  Formation of E25-IgE 

 aggregates: 

Chang, T.W. (2000) Nature Biotechnology 

18, 157-162 

sc, subcutaneous 



Example: Xolair® 

(Omalizumab; E25) 

 

Problem: 

• Risk of Anaphylaxis 

• sc-Application 

 



Critical steps: Administration 

• Stability after opening & reconstitution ? 

– Microbiological stability 

– Physico-chemical-stability (temp., light) 

• Particles: sources ? 

• Concomitant medication: 

– Mixing with solutions for infusions ? 

– Y-site co-administration ? 

• Compatibility / Adsorption to 
administration material 

• Physical instabilities due to mechanical 
(pump) stress, syringes, Foaming 
(bubbles) 

• In-line “safety-filters” ? 



Critical steps: 

Microbiological stability after first opening: 

• Multiple use: preservation necessary 

• Single use: no preservation necessary: 

– „From a microbiological point of view, unless the method of opening, 
reconstitution, dilution preludes the risk of microbial contamination, 
the product should be used immediately. If not used immediately, 
in-use storage times and conditions are the responsibility of the 
user and would normally not longer than 24 hours at 2 to 8°C, 
unless reconstitution/dilution (etc) has taken place in controlled and 
validated aseptic conditions. (...)“„EMEA NfG (CPMP/QWP/159/96) 

– Under aseptic conditions in a clean room with LF  longer 
microbial stability is possible  time limiting step will be the 
chemical stability  cost savings….. 

– Often to be used within hours at RT or within 24h at 2 – 8°C: 

• Infliximab (Remicade®): 3h at RT 

• Adalimumab (Humira®): - (Pre filled Pen: refrigerated up to the exp date) 

• Etanercept (Enbrel®):  - / multi use with benzylalkohol: up to 14d: only US 

• Apatacept (Orencia®): 24h at 2° - 8°C 



Critical steps: Off-label Preparations I 

Example:   

• Tailor made preparation with Bevacizumab (Avastin ®) for maculadegeneration 

• Reason: costs of a dose Bevacizumab approx. 1/10 of Ranibizumab (Lucentis ®) 



Critical steps: Off-label Preparations III 

Example:   

• Tailor made preparation with Botulinus Toxin Type A (Botox®) 

• Reason: aliquots of 10UI for treatment of “cross-eyed” children 



Critical steps: altered Preparations I 

Example:   

Working steps: Freeze-Thaw cycles 

Pikal-Cleland K.A. et al.;  

J Pharm Sci 91, 9 (2002) 1969 - 1979 

During freezing of sodium phosphate solutions, 

crystalization of the disodium salt can produce 

a pH decrease as great as 3 pH units which can 

dramatically affect protein stability. 

Recommend shrinking the 

graphs and moving the 

callout box down 



Critical steps: altered Preparations II 

Example:   

 

Working steps: 

Freeze & Thaw cycles 

1 freeze-

thaw cycle 

5 freeze-

thaw cycles 

Arvinte T.;  

Formulation for Protein 

Drugs – Important Points 

to Consider 

Bio World Europe 01 – 

2007, 6 - 9 



Critical steps: Preparation 

Example: 

• Physical instability problems of proteins in general: adsorption & 

aggregation 

 



Critical steps: Stability data 

Mahler H.C. et al.; Biopharmazeutika; Krankenhauspharmazie 26 (2005) 303 - 311 



Critical steps: Stability data 

Biopharmaceutical Biotechnology; Edited by Daan JA 

Crommelin and Robert D Sindelar; 3nd Edition – in press 

Recommend keeping the 

slide but deleting the stabil 

– liste (mention this in the 

notes) 



Example: 

Sources of particles ? 

 
• From the Formulation 

(protein, excipients) or 
stoppers ? 

 

• Monograph “Parenteral 
Preparations” (PhEur 
2.9.19): ………..clear and 
practically free from (visible) 
particles: 
 

• SVP (≤ 100ml): max. 6000 ≥ 
10 μm / max. 600 ≥ 25 μm 
per container 

• LVP (> 100ml): max. 25 ≥ 10 
μm / max 3 ≥ 25 μm per ml 

 

PS: visible aggregates (from about 
50μm) = precipitate  

SVP, small volume parentals; LVP, large volume parentals 



Critical Steps: “Equal handling” ? 
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Education 

Education 

Education 



Critical Steps: “Aseptic technique” ? 

http://www.columbinehealth.com/poudreinfusion/Mvc-017f.jpg http://www.blountmemorial.org/images/pharmweb6.jpg 

„Aseptic manufacturing 

in a clean room……..“ 
„Aseptic manufacturing under 

really „clean control“……..“ 

Examples from Links of „Home Infusion Therapies….“ (US) 



Critical Steps:  Risk Classification I 

Risk Factor „Weighting“ Risk 

Level 

Cold Chain 
(Temperature) 

„normal cold chain“: ≥ 24h at RT  I 

„strong cold chain“: < 24h at RT II 

„very strong cold chain“: < 2h at RT III 

Handling „simple handling“: no special requirements I 

„special handling“: stability lim. after reconst. II 

„handling only in pharmacy“: special req. III 

Patient 

education 

„simple education“: explanation, training I 

„application only by educated nurses“ II 

„application only under medical supervision“ III 

Proposal: 



Critical Steps: Risk Classification II 

Prosposal: visualised risk matrix with  risk levels: 

Combined risk levels for preparation & 

administration (P & A) 

Risk Level I II III 

Temperature I 

Handling I T & P T & HS P & HS 

Patient education I 

Temperature II 

Handling II T & HS P & HS P & HS 

Patient education II 

Temperature III 

Handling III P & HS P & HS P & HS & Obs 

Patient education III 

T = Training; P = Patient; HS = Healthcare Setting (eg ward); P = Pharmacy; Obs = Observation 



Critical Steps: Summary 

Be aware of many issues and follow the chain from 
the beginning to the end: 

 

• Delivery and storage: GDP 

– Responsibility of the distributor vs pharmacy (pharmacist) 

– Validation (incl. documentation) of the whole supply chain 

– Storage during delivery, during holidays (traveling), in the car, at patient…. 

• Preparation: WHERE 

– How is responsible or the right person for the preparation? 

– Where is the right place for these preparations: ward or pharmacy? 

– Tailor made or according to the manufacturer’s information: limitations 

– Aware of freezing, thawing, pumping, syringes (needles), filtration 

– Microbial - and physico-chemical stability: handling of these data 

• Administration: BY WHOM AND WHERE 

– Education necessary ? Education by whom? 

– Home infusion therapy: really safe? 

– Stability after reconstitution and over infusion time: light & temperature 
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