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Background 

�  For hospital pharmacists, it is critical to have 
well-documented data about the stability of 
injectable drugs in practical situations: 
opened drug formulation, after reconstitution 
of a lyophilized product or after dilution in 
various vehicles. 

� Unfortunately, these data are seldom (if 
never) available. 



Background (2) 

�  The manufacturer’s stability data after 
reconstitution or dilution were quite always 
quoted as “stable for 8 or 12 hours at 4°C”, 
not for true reasons but only by the 
appl icat ion of the “care pr inc ip le” 
considering possible bacterial contamination 
or by the fact that stability tests were only 
conducted during a very short period. 



Background (3) 

�  This problem is of paramount important for 
therapeutic proteins, mainly monoclonal 
antibodies (mAbs), which are very expensive 
drugs showing an explosive growth in all 
clinical fields, especially in oncology. 

�  Thus, It is unacceptable to loss, even small 
amounts, of these very expensive drugs for  
“non-scientifically based” reasons. 



Protein instability 

�  Physical instability :  
�  Aggregation 
�  Denaturation 
�  Adsorption on surfaces 
 

�  Chemical instability: 
�  Desamidation 
�  Disulfide bond breakage and formation 
�  Oxydation 
�  Hydrolysis 
�  Isomerization 
�  Non-disulfide crosslinking 
�  Deglycosylation 
�  Maillard reaction 
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�  Principal physical instability 
�  Non classical degradation 
�  General response of proteins to mechanical and thermal 

stresses 
�  Mainly underestimated: soluble or insoluble aggregates 
�  One of the most underestimated origin of aggregation is 

mechanical stresses:  
�  Shaking or stirring 
�  Shearing (rapid sampling by syringe) 
�  Exposure to hydrophobic gas interface (bubbling or filtration)  

�  Major implications: induction of antibodies 
�  Loss of efficacy (neutralizing Abs) 
�  Apparition of toxicities = immunogenicicité (antigenic Abs) 

Aggregation of proteins 
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Principal causes of instability 

�  Temperature 
�  Elevation  
�  Freezing 

�  Formulation pH 
�  Adsorption 
�  Salt effect 
�  Oxygen 

�  Metal ions 
�  Chelating agents 

�  Shaking and shearing 
�  Concentration 
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In-use or “practical” situations 
�  Temperature excursion 

�  Cold-chain rupture 
�  Bad storage practice in ward, non use, light exposure 

�  Extended storage times 
�  Non or delayed administration 
�  Residues 
�  Dose-banding 

�  Preparation 
�  Shaking, bubbling 
�  Use of metallic needles 
�  Use of various plastic devices 

�  Transportation 
�  Pharmacy to ward 
�  Pneumatic network 
�  Long distances (between hospitals) 



Daily problems 

� May I kept opened vials for another patients ? 
� What happen if a cold-chain rupture of my 

fridge occur during the WE ? 
� May I use the patient’s non-administered bag 

after one week ? 
� May I transport safely the bag from Tours to 

Amboise… 



Available on Stabilis:  www.stabilis.org 
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Stability studies of biologics requires several 
complementary analytical methods 

�  Analytical methods 
�  Peptide mapping (I° structure) 
�  2th derivative FTIR or CD (II° structure) 
�  2th derivative UV or fluorescence (III °structure) 
�  Turbidity or nephelometry (visible aggregation) 
�  Dynamic ligth scattering (DLS; sub-visible aggregation) 
�  IC and SEC chromatography (chemical modifications) 

native and after enzymatic treatments 
�  Thermal denaturation curves 

�  Determination of pharmacological activity 



Stability of biologics 
�  We have studied the stability of several 

biological drugs 
�  Cetuximab 
�  Trastuzumab 
�  Rituximab 
�  Bevacizumab 
�  Ipilimumab 
�  Infliximab 
�  L-asparaginase 

    submitted to thermal and/or mechanical 
stresses which can occur in practical situations 
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Stability of diluted rituximab 

�  To develop dose banding of rituximab in 
haematology (600 and 700 mg) 
�  Batch preparation following GMPs = better quality 
�  Money saving 

�  Need to have extended stability data 
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No dimerisation, oligomerisation or chain break 

Size	  exclusion	  chromatography	  
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Rituximab SEC 
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Rituximab Size analysis 
�  Diffraction laser 

spectroscopy DLS  = 
  molecular size and 

 soluble aggregates 
 
�  After 3 months at 

37°C: appearance of 
a 100 nm population 
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Storage 
(days) 

Main 
Peak 

2nd 
Peak 

3th 
Peak PdI* 

up to 6 
months 

11.395 +/- 
0.045 -      - 0.0535 

No submicronic aggregation 

Dynamic light scattering 
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 No alteration of I° and II ° structures 

Second-derivative IR spectrometry	  Pep6de	  map	  
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Thermodynamic stability curve 
 

ΔH°= 490 kJ mol-1 
 

ΔS = 1.43 kJ mol-1 
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Biological activity was fully maintened 
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Conclusion 

� Diluted rituximab is stable up to 6 
months in polyolefine bags keept at 4°C 
or 22°C 

�  In-advance preparation and dose-
banding are feasible 
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Methods  are stability-indicating 
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Methods  are stability-indicating 

Pep6de	  mapping	  
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Stability of diluted trastuzumab 
 

�  One recent study on diluted trastuzumab (0.4 
and 4 mg/ml)  in bags: stable for 1 month 

   Kaiser J, Kramer I. Physicochemical Stability of Diluted Trastuzumab Infusion 
Solutions in Polypropylene Infusion Bags. Int J Pharm Compound 2011 ; 15, 6 : 
515-520. 

 

�  Limited estimation of the chemical stability, no 
estimation of physical stability 

�  The objective of our study was to fully assess 
the physical and chemical stability of diluted 
trastuzumab (0.8 and 2.4 mg/ml) after storage 
up  to six months at 4°C in polyolefine bags. 
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Trastuzumab 

�  Identical methodologies 
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Stability of trastuzumab 

No physico-chemical alteration 
 
Stable for more than 6 months ! 
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Conclusions 

�  Trastuzumab diluted at 0.8 to 2.4 mg/ml in saline, 
stored in polyethylene bag at 4°C,  is stable up to 
6 months. 

 
�  This excellent stability could authorize the safe 

anticipated preparation or by batch by pharmacy 
centralized units.  

�  No problem if temperature excursions of vials 
occur !! 



Stability of Ipilimumab 
�  Ipilimumab : YERVOY®  commercialized by BMS             

�  Human monoclonal antibody anti-CTLA-4 
(IgG1kappa) 

�  Advanced melanoma (non removable or  metastatic) 
�  80 000€ per treatment ….. 

�  Posology: 
�  3 mg/kg 
�  Every 3 semaines à 4 doses 

�  IV Administration 
�  Diluted in NaCl 0,9% or  dextrose  5 % (from  1 mg/ml 

to 4 mg/ml) 
�  Bags  with or without PVC 

 
�  Manufacturer claims : Stability of diluted solutions 

24 hrs at 25 C and 2 - 8 °C 



Fig.	  4	  :	  Ca6on-‐exchange	  chromatographic	  profile	  of	  IPI	  (1	  mg/ml)	  using	  a	  WCX-‐10	  column	  at	  pH	  6.0	  eluted	  with	  a	  linear	  salt	  
gradient	  from	  0	  to	  50%	  of	  200	  mM	  NaCl	  and	  detec6on	  at	  280	  nm.	  H0	  profile	  (blue	  line)	  was	  compared	  to	  4	  days	  profile	  aRer	  
hea6ng	  at	  60°C	  (black	  line).	  AUC	  of	  the	  different	  peaks	  were	  modified	  (+24.8%,	  -‐11.3%,	  -‐47.2%,	  -‐40.5%	  and	  -‐78.8%	  for	  peaks	  
1,	  2,	  3,	  4	  and	  5	  respec6vely). 
 



Storage	  (days)	   Main	  peak	   2nd	  peak	   3rd	  peak	   PdI	  

D0	   12.04	  ±	  0.07	   -‐	   -‐	   0.075	  ±	  0.030	  

D28	   11.77	  ±	  0.09	   -‐	   -‐	   0.046	  ±	  0.010	  

D0	   11.94	  ±	  0.26	   -‐	   -‐	   0.053	  ±	  0.020	  

D28	   11.89	  ±	  0.09	   -‐	   -‐	   0.067	  ±	  0.015	  

H96	   13.39	  ±	  0.41	   56.62	  ±	  7.94	   1539.25	  ±	  249.84	   0.422	  ±	  0.024	  



Fig.	  5	   :	  Func6onal	  ac6vity	  of	   IPI	  determined	  using	  a	  cell-‐based	  compe66ve	  binding	  assay.	   	  A	   :	   inhibi6on	  of	  
CTLA-‐4/B7.2	   interac6on	   by	   an6-‐CTLA-‐4	   an6body	   IPI	   on	   a	   CTLA-‐4-‐Ig	   cell	   line.	   B	   :	   the	   mean	   fluorescence	  
intensity	  was	  measured	  by	  flow	  cytometry.	  IPI	  upon	  opening	  (D0,	  leR	  box)	  showed	  a	  major	  inhibi6on	  of	  B7.2	  
binding	  to	  CTLA-‐4	  cells,	  compared	  to	  the	  nega6ve	  control	  (rituximab,	  right	  box).	  ARer	  one	  month	  of	  storage	  
of	   IPI	  vial	  at	  4°C	  (D30,	  middle	  box),	  the	  binding	  inhibi6on	  profile	  remained	  similar	  to	  the	  reference	  sample	  
(D0).	  
Submieed.	  Int	  J	  Pharm,	  2015 



09/07/2015 

Stability of mAbs in pneumatic  
conveying systems  
 
�  mAbs are sensitive to mechanical stresses 
�  Pneumatic conveying systems (PCS) are 

curently used to send  the final contenants of 
anticancer drugs from pharmacy to wards. 

�  Concerns about the stability of mAbs send by 
PCS  
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Experimental design 

•   Rituximab and cetuximab * were diluted in saline in polyolefine bags. 

•  Several conditions were tested:  
Ø   presence of air (headspace) or no air 

Ø   travel time  

Ø   number of routes (1 to 8) 

•  Determination of physical stability.  
•  size exclusion chromatography (SEC) 

•  dynamic light scattering (DLS): submicronic populations 

•  turbidity (350 nm): visible aggregates 
•  infra-red spectroscopy: secondary structure 

 
          V. Vieillard, A. Ramssamy, K. Rilcy, A. Bellanger, A. Astier, M. Paul. Pneumatic conveying systems and physical stability of 

monoclonal antibodies: example of cetuximab. Poster P221, ECCO Congress, 2013 
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Role of air inside bags: aggregation 

Without air 

Up to 8 routes and without air into the bags, no 
modification was observed in comparison with the control 
(no route) 

In presence of air, significant modifications were 
found after 4 cycles (1 cycle for cetuximab !) 
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Role of air inside bags : aggregation 
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Main results 

�  In practice, a pneumatic conveying 
system can be safely used for transport 
of diluted rituximab, and cetuximab (and 
p robab ly f o r o the r monoc lona l 
antibodies).  

� However, the presence of air into the 
bags must be avoided because the 
aggregation induced by PCS is strongly 
dependant on the presence of air/liquid 
interfaces. 



Conclusion (1) 

� Antibodies are often much more stable 
ind ica ted in the manufac turers 
recommendations (SPC) 

�  In particular, the resistance to the room 
temperature is very often sufficient to 
overcome the majority of temperature 
excursion problems in current situation. 



Conclusion (2) 
�  It is more than critical to have real stability 

data for all common “in-use” situations 
�  If many “in-use” situations cannot be easily 

studied by the manufacturer, at the minimum, 
stabiliy data related to thermal excursion and 
realistic extended stability limits sould be 
furnished 

�  In the context of explosive growth of drug 
cost, our health system can no longer accept 
these unacceptable wastes.  


