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Executive Summary 

Ready-to-use parenteral preparations of anticancer medicinal products are typically pre-

pared in pharmacy-based centralized aseptic preparation units.  Microbiological stability of 

the preparations remains a primary issue and stability determining factor when assigning 

shelf lives to the preparations. For this reason,  experimental studies were performed to 

evaluate the ability of four different pathogens (S. aureus, E. coli, P. aeruginosa, C. albicans) 

related to hospital infections to grow in ready-to-use, cytotoxic and non-cytotoxic parenter-

al products aseptically prepared in hospital pharmacies. Viability studies were performed 

under conditions that simulate optimal ones for the growth of micro-organisms (low drug 

concentrations, room temperature). In total 14 new anticancer small molecules and anti-

cancer monoclonal antibodies were tested. Most of the drugs tested showed neither 

growth-retarding nor growth-supporting properties of the test organisms. An exception was 

trabectedin, which generated rapidly antibacterial activity.  

Additional experiments with non-cytoxic drug preparations revealed that the selected 

strains lost viability in parenteral solutions containing vancomycin, phenylephrine or mid-

azolam after a period of a few hours or days. Tranexamic acid solution and 50% w/v glucose 

solution generated species-specific antimicrobial activity. In the lipid containing emulsions, 

colony forming units increased rapidly. Low pH values and high osmolality are probably the 

reason for growth inhibition in midazolam and 50% glucose solutions, respectively. The an-

timicrobial activity of phenylephrine solutions is caused by the excipient sodium metabisul-

fite. According to the results, solutions for parenteral administration should be prepared 

under strict aseptic conditions and kept refrigerated whenever possible to inhibit the 

growth of any contaminating organism. 

 There are a number of originator publications and databases available dealing with the 

physicochemical stability of reconstituted and diluted cytotoxic preparations. A comprehen-

sive information source in table format (STABIL-LISTE©) is compiled by the Pharmacy De-

partment of University Medical Center in Mainz. In the updated version of STABIL- LISTE© 

7th ed., 2015 information about the stability/compatibility of drug loaded beads as well as 

13 recently approved anticancer drugs (alemtuzumab 10 mg/mL, amsacrine 1.5 mg/mL, be-

linostat, blinatumomab, cyclophosphamide Lyophilisat, nivolumab, obinutuzmab, pembroli-
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zumab, plerixafor,ramucirumab, rituximab subcutaneous injection, trastuzumab subcutane-

ous injection trastuzmab emtansine) was added. Methods of data compilation are de-

scribed, conflicting results and open questions were commented.  

In order to reduce the adverse reactions of systemic chemotherapy, targeted transarterial 

administration (TACE) was introduced to treat patients suffering from HCC or liver metasta-

ses of CRC. Simultaneous administration of the embolic and chemotherapeutic agents is 

achieved by drug eluting beads. DC Bead™ are marketed in different diameters ranging from 

70-900 µm and can be loaded with cationic anticancer drugs. Prior to administration of the 

drug loaded beads, they are mixed with nonionic contrast medium to guide the embolic 

agent to the selected site of tumor. In order to guarantee the complete delivery of cytotoxic 

agents to the tumor site, compatibility and stability of the admixtures are prerogative. 

Therefore, the compatibility of epirubicin-loaded and irinotecan-loaded DC Beads™ (bead 

size 70-150 µm, 100-300 µm) with nonionic contrast media (Accupaque™ 300 (Iohexol), Im-

eron® 300 (Iomeprol), Ultravist® 300 (Iopromid), Visipaque™ 320 (Iodixanol)) commonly 

used by the interventional radiologists was experimentally tested. Results showed that it is 

feasible to prepare admixtures of epirubicin-loaded DC Bead (bead size 70-150 µm, 100-300 

µm) with selected non-ionic contrast media in centralized cytotoxic preparation units in ad-

vance because of stability of admixtures over a period of 7 days. Admixtures of irinotecan-

loaded DC Beads (bead size 70-150 µm) with different types and volumes of non-ionic con-

trast media are incompatible and should only be mixed immediately prior to delivery proce-

dure by the radiologists. 
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Kurzzusammenfassung 

Die parenterale  Arzneimitteltherapie spielt immer noch eine wichtige Rolle in der Behand-

lung von Krebs. Applikationsfertige parenterale Zubereitungen von Anti-Krebs-Arzneimitteln 

werden in der Regel in den zentralen aseptischen Herstellungseinheiten der Krankenhaus-

apotheken zubereitet. Die mikrobiologische Stabilität dieser Zubereitungen bleibt ein 

Hauptproblem in Bezug auf die Ermittlung ihrer Haltbarkeit. Aus diesem Grund sind zuver-

lässige Informationen Viabilität  von Krankheitserregern in diesen Zubereitungen von hohem 

Interesse. Dementsprechend wurden experimentelle Untersuchungen mit ausgewählten 

fakultativ pathogenen Mikroorganismen (S. aureus, E. coli, P. aeruginosa, C. albicans) in Zu-

bereitungen von insgesamt 14 neuartigen chemischen und biopharmazeutischen Antineo-

plastika durchgeführt. Die gewählten Wachstumsbedingungen sollten die schlechtesten Be-

dingungen für Patienten und optimale Bedingungen für das Keimwachstum simulieren. Die 

meisten getesteten neuen Antitumor-Arzneimittel zeigten weder wachstumshemmende 

noch wachstumsfördernde Eigenschaften. Eine Ausnahme stellte Trabectedin dar, das  rasch 

bakterizid wirkte. 

Zusätzliche Experimente mit aseptischen Zubereitungen ohne CMR-Eigenschaften zeigten, 

dass die ausgewählten Testkeime rasch die Vermehrungsfähigkeit in Zubereitungen von 

Vancomycin, Phenylephrin und Midazolam verloren. Glucose 50% w/v-Lösung und 

Tranexamsäurelösung wirkten spezies-spezifisch antimikrobiell. Die antimikrobielle Wirkung 

von Midazolam ist durch den sauren pH-Wert, von Glucose 50% durch die hohe Osmolarität 

und von Phenylephrin Lösung durch den Hilfsstoff Natriummetabisulfit verursacht. In den 

lipidhaltigen Emulsionen stieg die Zahl der Kolonie bildenden Einheiten rasch an.  Komplexe 

Parenteraliazubereitungen sollten wann immer möglich  unter aseptischen Bedingungen in 

der Apotheke zubereitet und gekühlt aufbewahrt werden.  

Zusammen mit der mikrobiologischen Stabilität ist die physikalisch-chemische Stabilität der 

applikationsfertigen Infusions- oder Injektionslösungen bei der Festlegung der Haltbarkeit 

entscheidend. Ebenso ist die Stabilität der konzentrierten Stammlösungen eine Vorausset-

zung für die Weiterverwendung nach dem Erstanbruch. Es gibt zahlreiche Publikationen und 

auch Datenbanken, die die physikalisch-chemische Stabilität von rekonstituierten und ver-

dünnnten Antineoplastika-Zubereitungen zum Gegenstand haben. In sehr komprimierter 
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Form werden diese Informationen in der STABIL-LISTE© dargestellt, die von der Apotheke 

der Universitätsmedizin Mainz herausgegeben wird. Die aktualisierte Version der STABIL-

LISTE© 7. Aufl., 2015 bietet einen raschen Überblick über die Stabilität/Kompatibilität von  

Zytostatika beladenden Mikrosphären (drug-loaded beads)  sowie 13 neuartigen Antitumor 

Arzneimitteln (Alemtuzumab 10 mg/ml, Amsacrin 1,5 mg/ml, Belinostat, Blinatumomab, 

Cyclophosphamid Lyophilisat Nivolumab, Obinutuzmab, Pembrolizumab, Plerixafor, Ramuci-

rumab, Rituximab subkutan, Trastuzumab subkutan und Trastuzumab Emtansine). In dieser 

Arbeit werden die Methoden der  Datenevaluierung und Ergebnisse beschrieben sowie of-

fene Fragen kommentiert. 

Um die Nebenwirkungen der systemischen Chemotherapie zu reduzieren, werden inoperab-

le hepatozelluläre Karzinome (HCC) oder Lebermetastasen von Kolonkarzinomen heutzutage 

häufig simultan embolisiert und eine lokale Chemotherapie mit Zytostatika-beladenen Mik-

rosphären (DEB) durchgeführt. Die dafür indizierten DC Bead™ werden in verschiedenen 

Durchmessern von 70 bis 900 µm vermarktet und können mit kationischen Antineoplastika 

beladen werden. Vor der Applikation werden die DEB mit nicht-ionischen Kontrastmitteln 

gemischt, um die korrekte Platzierung in den Tumor versorgenden Arterien zu gewährleis-

ten. Voraussetzung für eine effektive und sichere Therapie ist die Stabilität der beladenen 

Mikrosphären sowie die Kompatibilität  mit dem Kontrastmittel. Daher wurde die Kompati-

bilität von Epirubicin-beladenden und Irinotecan-beladenden DC Beads™ des Durchmesser 

70 bis 150 µm und 100 bis 300 µm mit häufig verwendeten, nicht-ionischen Kontrastmitteln 

(Accupaque™ 300, Imeron® 300, Ultravist® 300, Vispaque™ 320) untersucht. Im Ergebnis  

kann die Mischung von Epirubicin-beladenden DC Bead-Mikrosphären (70-150 µm, 100-300 

µm) mit den ausgewählten nicht-ionischen Kontrastmitteln empfohlen werden, da Stabilität 

über 7 Tage nachgewiesen wurde. Mischungen aus Irinotecan beladenden DC Bead-

Mikrosphären 70-150 µm mit verschiedenen Arten und Mengen von nicht-ionischen Kon-

trastmitteln erwiesen sich als inkompatibel, indem zu große Mengen Irinotecan unmittelbar 

freigesetzt wurden. Die Mischung sollte daher nur unmittelbar vor der Anwendung durch 

die applizierenden Radiologen selbst erfolgen. 
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DEBEPI                           Epirubicin eluting beads 

DEBIRI                            Irinotecan eluting beads 

Dox                                 Doxorubicin 

DSM                               Degradable starch microspheres 

EASL                                European Association for the Study of the Liver 



 

 

2 

 

E.faecium                        Enterococcus faecium 

EJHP                                 European journal of hospital pharmacy 

EMA                                 European Medicines Agency 

EMEA                               European agency for the evaluation of medicinal products 
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1             Introduction 

In Germany, cancer is the second most often cause of death regardless the gender. Prostate 

cancer is the most frequent cancer disease in men and lung cancer the most common cause 

of death related to cancer. Among women, breast cancer is associated with highest inci-

dence and mortality (1, 2). On one hand, the incidence of cancer increases in Germany, on 

the other hand 5 year survival rates of cancer patients significantly increased during the last 

three decades (> 61% for men, 67% for women) depending on the cancer entity. The aver-

age age of death for cancer patients has increased about two years over the same period 

and amounts to 73 years (3, 4) . 

Early diagnosis and successful cancer therapies are the major objectives in cancer research, 

but also prevention of tumor diseases is of interest. The treatment of cancer is based on 

three major methods, i.e. surgery (removing the tumor and surrounding healthy tissue), 

radiotherapy and chemotherapy, which are utilized as mono- or combination therapy.  

 

1.1      Anticancer drug therapy  

Antineoplastic drug therapy, also named chemotherapy (CTx), encompasses various 

antineoplastic drug substances that have the ability to destroy the cancer cells by either 

stopping the growth of these cells (curative therapy) or controlling tumor growth. In pa-

tients with advanced stage of cancer disease, chemotherapy is administrated also as a palli-

ative therapy to shrink and/or stop the tumor spreading in order to improve the quality of 

life and reduce pain in cancer patients.  

Antineoplastic drugs are administered orally, topically, by instillation, subcutaneously, and 

mainly intravascularly. The latter way of administration is the preferred one in order to en-

sure rapid delivery of maximal tolerated dose of antitumor drugs and bioavailability. In 

Germany, since more than 25 years, chemotherapy products are prepared in the centralized 

pharmacy based cytotoxic preparation areas as ready-to-administer products in patient in-

dividual doses. The individual doses are calculated according to patients’ body surface area 

(m2 ) or the body weight (kg), and if necessary adopted to  renal and hepatic function (5).  
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Because of the mutagenic, teratogenic and/or carcinogenic character of antineoplastic 

products, the centralized preparation is operated under protective measures, which de-

crease the contamination risk and enhance the safety of health care workers. 

In pharmacy departments the preparation of ready-to-use intravenous anticancer drug solu-

tions is performed according to different guidelines: 

 PICS/PE 010-3 (6)  

 Ph Eur 7.7 monograph Pharmaceutical preparations (7),  

 United States Pharmacopoeia, monograph <797> (8) 

 Council of Europe Resolution CM/Resap 2011 (9)   

 Quality Assurance Guideline of the Federal chamber of German Pharmacists (BAK)  

Aseptic preparation and quality control  of ready-to-use parenteral preparations with 

CMR properties  category 1A or 1B (see Fig 1) (10) 

 Guideline of the German Society of Hospital Pharmacists (ADKA): Aseptic preparation 

and quality control  of ready-to-use parenteral preparations (11), which corresponds 

to the PICS/PE 010-3 (6)(12) 

The preparation of antineoplastic drug solutions is usually performed separately from 

other parenteral preparations in dedicated clean rooms. During the preparation process 

essential goals are to be achieved simultaneously: 

 protection of the products from microbial contamination  

 protection of the staff and the preparation area from hazardous substances 

Ready-to-use anticancer drug preparations should be prepared in clean room areas 

equipped with safety cabinets or isolators with negative pressure, i.e. cytotoxic workbench-

es providing cleanroom class A in a grade B or C background rooms with negative pressure 

(6,8,10,11) Thereby the products are protected from airborne particulates and microbial 

contamination. Coincidently the environment and staff involved in this process are protect-

ed. As a matter of choice the exhausts of the cabinets and isolators should be connected to 

the open air (10,11). The working surfaces should also be designed to minimize contamina-

tion and facilitate easy cleaning.  
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An important concern is the safety of workers involved in the preparation process. But at 

the same time, the staff is considered to be the main source of microbial contamination 

during the aseptic preparation. Therefore suitable clean room clothing and hygiene 

measures are to be regarded. Operators should wear proper sterile clothing such as gloves, 

hair covers, masks, shoe covers and overalls and wash and disinfect hands by alcohol based 

gel. The cleaning and disinfection procedures should be monitored by microbial environ-

mental monitoring. Last not least thorough education and continuous training programs for 

operators are to be implemented.  

Very recently robotic systems were introduced to improve the aseptic preparation process 

of antineoplastic drugs. Fully automated preparation increases the safety of staff, saves time 

and costs, eases complete documentation of the process, and reduces  preparation 

errors(12, 13).The fully automatic system  APOTECAchemo is used in the  pharmacy de-

partment of the University Medical Center Mainz. The operator loads the articles and drugs 

needed for preparation and unloads the finished preparations in the loading area of the 

robot. The aseptic preparation takes place in the production area. The process is controlled 

by various technologies like imaging, barcode reading, and weight control. 

The preparation of anticancer drugs is not only designed to minimize the contact between 

the drugs and the operators involved in the preparation procedure, but also to limit the con-

tamination of the patient areas and other health care staff and visitors. For these reasons it 

is recommended to seal the primary containers of ready-to-use antineoplastic parenterals 

and pack them into liquid-tight outer packaging in order to prevent any contamination by 

spillage. 
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Figure 1 Flowchart of the preparation and quality control of ready-to-use preparations of 

antineoplastic drugs, taken from reference (6): Quality Assurance Guideline of the German 

Federal Chamber of Pharmacists: Aseptic preparation and quality control of ready-to-use 

parenteral preparations with CMR properties category 1A or 1B  
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1.2    Shelf life and stability of antineoplastic drug preparations 

According to the German guidelines for aseptic preparation (10, 11), the expiry date of the 

ready-to-use preparations must be defined and indicated together with the storage condi-

tions on the product label. In addition to physical and chemical stability, microbial and toxi-

cological stability under designated conditions of storage and use are to be taken into ac-

count, when assigning expiry dates to the products.  
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Figure 2: Scheme of factors impacting the stability of cytotoxic drug preparations including 

the internal and external (= environmental) conditions.
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Stability of the ready-to-use preparations and also the stock solutions depends on internal 

and external parameters (compare Fig.2). Internal factors comprise the chemical structure 

and concentration of the active ingredient, structure and concentration of excipients, type 

of primary container (e.g. infusion bags, syringes), and type of the vehicle solution used for 

dilution. The most important stability determining external factors are temperature and 

light. 

Today targeted anticancer therapy is performed with drug substances capable to interfere 

with structures in the malignant cells or tissues leading to targeted block of tumor growth, 

with fewer side effects (18). Targeted anticancer drugs are categorized according to their 

chemical structure as monoclonal antibody (mAb) drugs or small molecule drugs (19). The 

proteinaceous mAbs are sensitive to different environmental conditions like temperature, 

pH value and physico-chemical degradation. Physical instability of the protein may cause 

aggregation, precipitation, surface adsorption, and conformational changes, while the 

chemical degradation can be elucidated by oxidation, deamidation, isomerization, disulfide 

exchange, and peptide fragmentation. As a consequence, the preparation, administration, 

transportation and storage of these products have to be done under conditions which min-

imize the instability of the protein structure and thereby decrease the potential immuno-

genicity of degraded protein structures (20). 

In assigning the expiration date or shelf life to pharmacy-prepared products it is common 

practice to accept a maximum decline of the content of the active substance of 10%, i.e. 

90% of the nominal content. Purity may also vary only within defined limits. If toxic degrada-

tion products are formed, the content of these may account for a shorter shelf-life.   

The stability of reconstituted and diluted drug solutions which are unpreserved is limited by 

the Note for Guidance of the CPM/QWP/159/96 to a period of 24 hours (21). The maximum 

storage period of 24 hours is determined by microbiological instability regardless of the ex-

tent of physical and chemical (in)stability (14). The storage period does not reflect experi-

mentally determined physico-chemical and microbial stability of the antineoplastic solu-
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tions, which may be longer than 24 h. Furthermore, the high cost of some anticancer drugs 

is in particular limiting factor of experimental stability studies (14, 15).  

It is also useful and efficient to prepare ready-to-use antineoplastic drug solutions in ad-

vance with consequence to facilitate administering these products for outpatients over sev-

eral days and reduce the time needed for patients in the hospital (16). More detailed and 

accurate knowledge of the physical, chemical and microbial stability of the preparations can 

be used to save time and money, and decrease the waste of antineoplastic preparations by 

re-using the sealed preparations.  

However, when assigning in-use stability data to parenterals microbiologic stability cannot 

be neglected. Therefore, a particular objective of this thesis was to investigate the viability 

of micro-organisms in ready-to-use aseptically prepared parenteral products. 

Extended in-use stability data can only be applied if there is scientifically based knowledge 

about the physico-chemical stability of the compounded products. There are a number of 

publications and various databases available dealing with physico-chemical stability of con-

centrated and diluted antineoplastic drug solutions under various conditions, such as drug 

concentration, vehicle (usually 0.9% sodium chloride or 5% glucose solution), container, and 

storage conditions (see Fig. 2). In German pharmacy based cytotoxic preparation units usu-

ally the stability information given in Stabil Liste® (see Figure 3) is utilized (17). The prepara-

tion of an updated version of Stabil Liste® in 2015 was another objective of the thesis.  
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Figure 3 Excerpt from Stabil Liste® 2015 
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Besides new targeted anticancer therapies, also new targeted procedures and techniques 

are developed. Transarterial chemoembolization (TACE) is a modern and targeted technique 

introduced in the last decade to treat patients suffering from HCC or liver metastases of 

CRC. During the TACE procedure embolizing particles and chemotherapeutic agents are de-

livered simultaneously into the blood vessels feeding the tumor. As a consequence, oxygen 

and nutrient supply of the tumor decreases. The antitumor agent is gradually released from 

the embolic device and distributed to the tumor tissue resulting in a longer contact time and 

carrying less systemic exposure and fewer side effects. Simultaneous administration of the 

embolizing particles and the chemotherapeutic agent is facilitated by injecting the chemo-

therapeutic agent loaded beads through a catheter into the targeted artery. Prior to admin-

istration of the drug eluting beads, they are mixed with non-ionic contrast medium to guide 

the embolic agent to the selected site of the tumor. The specific nonionic contrast medium 

should pledge to successful delivery of DC beads up to the tumor bed. 

The preparation of loaded beads is done in the centralized pharmacy based preparation 

unit. Most often doxorubicin and irinotecan are loaded with different types and sizes of 

beads. Stability of the loaded beads has been established for 14 and 28 days under defined 

conditions of storage (22, 23). Epirubicin has also been used in Germany in TACE treatment 

and shown adequate efficacy in clinical trials (24). However, there is a lack of stability and 

compatibility data of drug-loaded DC Bead™. Thus a further goal of this thesis was to inves-

tigate the compatibility of epirubicin-loaded or irinotecan-loaded beads of different sizes 

(70-150 µm (M1), 100-300 µm) with various non-ionic contrast media commonly used by 

the interventional radiologists.  
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2 Microbiological instability of pharmaceutical prepara-

tions 

In 2012 the New England Compounding Center NECC was indicted for an outbreak 

of fungal meningitis causing the death of 64 patients. The outbreak was traced to 

fungal contamination of compounded methylprednisolone suspension for epidural 

steroid injections (25). This deterrent example shows that Good Preparation Prac-

tice (GPP) of ready-to-use parenteral products is inconceivable without intensive 

precautions to keep the products sterile. Microbial contamination of these prod-

ucts during the preparation process, storage or administration to the patients must 

be strictly avoided. Otherwise viable microorgansims and/or endotoxins are paren-

terally administered to the patients and lead to infections, SIRS and sepsis. 

 

Microbial contaminants relevant for pharmacy-based aseptic preparation 

 Bacteria (bacteria, mollicutes, and bacterial endospores)  

In general, bacterial contamination plays a key role among various contaminants 

relevant for pharmacy based aseptic compounding. Major causes for this phenom-

enon are the ability of bacteria to change their characteristics and adapt various 

environmental conditions, and their potential to multiply quickly if the amount of 

nutrients is sufficient in the surrounding conditions.. Mollicutes, also known as 

mycoplasmas are the smallest free-living prokaryotic pathogens. They are able to 

pass through typically used bacterial filters. In addition, the detection of mollicutes 

is an ongoing problem because they grow slowly in liquid or on solid media. PCR 

(polymerase chain reaction) based methods are less time-consuming and shown 

higher sensitivity (26). Bacterial endospores are non-reproductive forms produced 

by specific types of gram positive bacterial species like Bacillus and Clostridium 

under stressed environmental conditions i.e. heating, radiation and starvation to 

ensure their bacterial survival (27). Elimination of endospores is used as an essen-

tial indicator to validate and monitor the sterilization process (28). 

 

 Fungi (yeasts, molds) 

Fungal contamination is the second most relevant microbial contamination limiting 

the safety of pharmaceutical preparations (29). On one hand, several important 

APIs originate from fungi and on the other hand, fungi cause severe infections and 

generate toxic substances (mycotoxins). Depending on the morphology, fungi are 

commonly classified into two major groups, i.e. yeasts and molds.  
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Yeasts refer to unicellular organisms that grow usually by asexual reproduction 

(budding); hence a new cell is produced by one mother cell. Molds are multicellu-

lar fungi, which multiply by sexual or/and asexual reproduction pattern. The hyphal 

fungi may grow until forming a visible mass called mold (mycelium). Molds repro-

duce by formation of spores which are extremely robust. Histoplasma and C. albi-

cans are dimorphic fungi capable to exist either in mold/hyphal/filamentous form 

or in the yeast form depending on the actual environmental conditions  (30). 

Molds can enter pharmaceutical preparations from the air (e.g. insufficient re-

tained heating, ventilating, and air conditioning systems and high-efficiency partic-

ulate absorption (HEPA) filters, loss of pressure difference between controlled 

preparation areas), material (e.g. wipes used to clean the cleanrooms, raw materi-

als, packaging) and personnel (31). Of note, molds grow under refrigerated condi-

tions, where the raw materials and products are usually stored. Thus, suitable dis-

infection solutions and processes of aseptic preparation areas must be capable to 

eliminate all microbial organisms including molds. 

Other risky contaminants of pharmaceutical preparations are viruses, prions, endo-

toxins/pyrogens, and biofilms. 

5.1.   Factors influencing growth and survival of microorganisms in pharmaceuti-

cal preparations  

The common factors supporting survival of microbial organisms are classified in:  

 extrinsic factors like temperature  

 intrinsic factors like water content, nutrients, pH, moisture, and oxygen. 

Temperature  

Depending on the optimum temperature for growth, microorganisms are divided 

into three groups (32):  

 Psychrophiles: grow at 0-5 °C, not above 30 °C. 

 Mesophiles: optimum growth temperature varies from 25-40 °C, no growth 

either above 45 °C or under 5 °C. This group includes the human pathogenic 

organisms that grow at 37 °C. 

 Thermophiles: grow at temperatures above 55 °C.  

Because of significant growth and multiplication of pathogens at 25-40 °C, it is rec-

ommendable to store the pharmaceutical preparations under refrigerated condi-

tions (2-8 °C) and to use preservatives whenever possible to minimize improper 

microbial growth. However water for injection (WFI) as bulkware should be kept 

above 80 °C after distillation and prior to filling and sterilization in order to prevent 

microbial growth (28). 
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Water activity: 

Water activity aw describes the ratio of water vapor pressure of a pharmaceutical product 

(p) to the vapor pressure of pure water at the same temperature (po): aw = p/po. 

Microbial growth in pharmaceutical preparations is proportional to water activity; it is inhib-

ited at low values of aw and increases with increased aw values. Parenterally administered 

ready-to-use preparations generally have a water activity > 0.6 which enable microorgan-

isms to grow.   

 

Nutrient content: 

Microorganisms require particular source of energy, , minerals and  trace elements to enable 

their growth and keeping on metabolic functions. The amount and type of nutrients required 

is dependent upon the type of microorganism. A few species like pseudomonads can even 

grow in distilled water and reach concentrations up to 10
6 

CFU/mL (28). 

 

pH: 

The optimum pH range for the growth of microorganisms varies. A pH range of 6-7 

supports the growth of most bacteria. Increasing acidity reduces bacterial growth. 

Pathogenic bacteria will not grow below pH 4.5 but they may survive long times in 

weakly acidic solutions. Pseudomonads grow at a pH range of 6-9-. Optimum pH 

for the growth of most fungi is pH 5 (28). Furthermore, the change of the pH value 

can influence other intrinsic factors like water activity and redox potential and 

thereby microbial growth. 

 

Redox potential: 

Microorganisms are categorized into 3 groups based on the oxygen concentration necessary 

for growth: aerobes (grow in presence of oxygen), anaerobes (grow in absence of oxygen), 

and facultative anaerobes (grow either in presence or absence of oxygen). This is now de-

fined in terms of oxidation-reduction potential Eh (28). Nutrient media used for microbiolog-

ical testing of aerobes or anaerobes require specified redox potentials to ensure growth of 

the bacteria. The redox potential of aerobic medium is +300 mV and of anaerobic medium 

(e.g. thioglycolate) is -200 mV (28).   
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Growth model of microorganisms in pharmaceutical preparations 

Microbial growth follows a sigmoid curve including a lag phase, log phase and sta-

tionary phase (compare curve A: growth in Figure 1). After entry of microorganisms 

into the medium, the microorganisms adapt to the environment and their number 

remains nearly unchanged (lag phase). After adaption to the medium, they grow 

rapidly in what is known log phase (exponential phase). The growth rate is arrested 

after a defined period because essential nutrients are limited; the number of or-

ganisms remains constant (stationary phase). Finally the organisms lose their via-

bility (the end of survival or death phase). Fungi behave in a similar way (32). 

In some cases, the number of colony forming units decreases initially and increases 

thereafter (compare curve D: regrowth in Figure 1). This may be observed prepara-

tions are inadequately preserved (28).  

 

Figure 4: Number of colony forming units over time in different scenarios: growth, 

regrowth, dormancy and death (cited from ref.(28)) 
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2.2.      Origin of contamination of pharmaceutical preparations 

Knowledge about sources and ways of contamination is necessary in order to avoid 

microbial contamination during aseptic preparation. 

When the contamination occurs during or prior to the preparation it is called pri-

mary contamination. Secondary contamination occurs within the period of storage, 

shipping and usage of products. 

 Personnel working in aseptic manufacturing areas are considered the main 

source of contamination. On the surface of the skin different types of mi-

crobes are located in a high number. Thus the main source of contamination 

is loss of skin scurf by shedding. Most of the bacterial species of the skin flo-

ra are non-pathogenic, while some are pathogens like Staphylococcus aure-

us. Shedding also results from improper gowning or unhygienic gloves which 

facilitate the direct contact between the operators and workplace. In addi-

tion, insufficient staff training and education are responsible for microbial 

contamination of clean room areas. From this perspective, it is important to 

provide personnel with adequate skills and to monitor the preparation pro-

cess closely (28). 

 Raw materials: Raw material from synthetic origin may be highly contami-

nated with aerobic spores. Gram positive spores and molds often originate 

from natural sources (32).  

 Water: Water is an essential component in the majority of drug products 

and it used as vehicle to deliver the products or to clean the work place. 

However, it encourages the growth and survival of contaminants. From a 

microbial point of view, it is recommendable to use always freshly distilled 

und presterilized water in order to diminish the probability of organisms to 

grow (34). 

 Environmental air: Airborn microbial contamination is reduced by filtration 

and pressure differentials between controlled zones (10). However, airborne 

contaminants (gram-positive bacilli, skin cocci, molds, bacterial spores) can 

enter preparation areas via dust, soil particles, or shedding of skin scurfs, 

and by means of raw materials (28, 32, 33). 

 Equipment and Facilities: The equipment is rarely considered as source of 

microbial contamination, due to regularly cleaning and disinfection. Even 

though contaminants can enter products from facility equipment, because 

of inadequate cleaning. In the working area dry surfaces can be contaminat-

ed by gram positive rods, cocci and fungal spores, whilst wet surfaces like 

sinks, drains or any cleaning materials can be contaminated by waterborne 

species. It should be kept in mind, that the cleaning process should be per-

formed carefully following strict regulations to avoid any opportunity of 
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contamination or/and cross contamination (32,33,34). Disinfectant solutions 

and sporicidal desinfectants should be selected according to the efficacy of 

disinfection and safety of personnel.  

 Primary packaging and closures: Primary packaging is the first barrier be-

tween the environment and the pharmaceutical preparation. Contamination 

via primary packaging material is especially problematic for sterile prepara-

tions. Vials, infusion bottles, or ampoules should be sterile and pyrogen-free 

before filling (28). The root cause for secondary contamination is mainly in-

sufficient closure integrity (28).  

 

2.3.        Sterility tests 

Sterility of pharmaceutical preparations refers to the absence of all viable microor-

ganisms including living microorganisms, pyrogens, and any particles that have the 

potential to reproduce, in order to limit the contamination rate of products and 

minimize the risks on the health care (35). Sterile drug products can be achieved by 

terminal sterilization or aseptic processing of sterilized components. The objective 

of sterility tests is to demonstrate that a batch is sterile. As the test method is a 

destructive one it is not applicable to patient individually prepared parenteral 

products. Moreover, the shelf life of the products is too short to complete a sterili-

ty test over 14 days. The applicability of rapid microbiological methods (RMMs) 

relying on various methods of microbial growth detection, including adenosine 

triphosphate (ATP), bioluminescence, CO2 monitoring is under discussion. The re-

cently harmonized Pharmacopoeia tests regulate sampling, sample preparation, 

inoculation, incubation and interpretation.  

Microbiological test methods 

Sterility testing by microbiological test methods demonstrates that a product does 

not contain any viable microorganism. Suitability test are necessary to show that 

the growth of microorganisms is not inhibited by the antimicrobial activity of the 

product. The antimicrobial activity can be caused by the API itself or excipients in 

drug dosage form (36, 37). Moreover, the physiochemical properties of the drug 

product like pH, osmolality can impact the growth of microorganisms and lead to 

antimicrobial activity during the storage and usage period of the preparation. Mi-

crobiological testing with alternative methods like rapid microbiological methods, 

have to be validated and suitability for the intended purpose has to be demon-

strated in comparison to the Pharmacopoeia method.  

 Ph. Eur. Membrane Filtration 

The Membrane Filtration test method is applied to filterable pharmaceutical prod-

ucts. After standardized filtration through a 0.45 micron pore filter, the filter is 
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added to growth media and incubated. The used media are thioglycolate medium 

(FTM) that promotes the growth of aerobic and anaerobic microorganisms and 

soybean casein digest medium (SCDM) that promotes the proliferation of aerobic 

bacteria, yeasts and molds (28, 38, 39). 

 

 Ph. Eur. Direct transfer   

This is the optimum test method for non-filterable medical products. The prepared 

sample is directly transferred into the appropriate media. During the incubation 

period of 14 days, the samples should be checked for turbidity every day (39). 

 

 ATP Bioluminescence  

The traditional methods used in sterility tests are limited by long incubation peri-

ods and the fact that only viable microorganisms can be recovered. The ATP bio-

luminescence method belongs to the rapid microbiological methods. Adenosine 

triphosphate (ATP) is a metabolite present in all microorganisms. It can be meas-

ured semiquantitatively with the luciferin/luciferase test system as relative light 

units (RTU) using a luminometer. Despite the widespread use of the ATP biolumi-

nescence method in cleaning and disinfection procedures, it is not possible to use 

the method in order to evaluate the activity of different types of disinfectants or to 

validate the disinfection procedures in cleanroom areas (40). 

 

 Colorimetric growth detection (CO2 monitoring technology) 

The colorimetric growth detection method is based on changes in color of media 

bottles, due to the production of carbon dioxide (CO2) by microbial metabolism 

over the growth period (41). 

 

 Non-growth based: solid state laser scanning cytometry 

This technology can be used to detect a single living cell, without any need to 

grow. A sample is filtered over am membrane filter. The membrane is mixed with a 

fluorogenic agent which living cells actively take up. The resulting fluorescence is 

measured by laser scanning cytometry to detect the source of each fluorescent 

event.  Sample processing and test takes about 2 hours (28). 
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 Antimicrobial effectiveness test (AET) 

The antimicrobial effectiveness test is used to measure the effectiveness of a pre-

servative which is added to a multi-dose medicinal product to inhibit the prolifera-

tion of microorganisms during use (multiple usage of the product). The test is car-

ried out during development and stability testing of multi-dose parenteral prepara-

tions (37). The AET is regulated in the United States Pharmacopeia (USP) <51>, the 

European Pharmacopeia (Ph. Eur. 8.0), and the Japanese Pharmacopeia (JP) 19 

(36,37,42). The microorganisms used are Staphylococcus aureus, Pseudomonas 

aeruginosa, Escherichia coli (not Ph. Eur.), Aspergillus brasiliensis and Candida albi-

cans. The test organisms are chosen because of their relationship to nosocomial 

infections (36,37,42). During the test for microbial kill a controlled inoculum of the 

challenge organism(s) is placed in suspension with the sample to be tested, and 

then the number of survivors determined at different time points.  

According to the standardized AET test method, the viability and growth of test 

organisms in aseptically prepared ready-to-use preparations was investigated. 

Most of the tested anticancer and antiviral drug solutions did not exhibit antimi-

crobial activity. Exceptions were busulfan, carboplatin, cisplatin, dacarbazine, 5-

flourouracil, mitomycin and streptozocin (43,44,46). Treosulfan and oxaliplatin 

solutions suppressed significantly the growth of P. aeruginosa (45). Biopharmaceu-

tics (monoclonal antibodies) approved for anticancer therapy did neither support 

nor retard the microbial growth in the same test scenario. It is important to re-

member the microbial instability during the preparation and while determining the 

shelf life of parenterals used in anticancer therapy (46). 

The aim of the following studies was to evaluate the growth of four different mi-

croorganisms in 14 chemical and biopharmaceutical medicinal products, which 

were approved for anticancer therapy after the year 2007 and in 17 non-cytotoxic 

ready-to-use parenteral products prepared in the hospital pharmacy of the Univer-

sity Medical Center Mainz. The microorganisms chosen are commonly associated 

with nosocomial infections and represent potential contaminants. The test condi-

tions simulate the worst possible conditions for patients and optimal circumstanc-

es for the growth of microorganisms.  
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3       Viability of microorganisms in novel chemical and bio-

pharmaceutical anticancer drug solutions 
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4   Viability of selected microorganisms in non-cytotoxic 

aseptic preparations 
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5.          Physical and chemical instability of ready-to-use drug  

               preparations 

 

Since more than 25 years, ready-to-use preparations of antineoplastic drugs are prepared in 

patient individual doses in pharmacy based cytotoxic preparation units. The aim is to pro-

tect health care workers from occupational hazard and the preparations from environmen-

tal contamination and cross contamination. Adequate information about the integrity, sta-

bility, environment and process in combination with education, training, and experiences 

are relevant factors regarding the quality of the preparations(8). Valid knowledge about the 

stability of ready-to-use anticancer drug preparations also offers new prospects for cost 

savings, prolonged or continuous administration and home chemotherapy. Generally, the 

stability of ready-to-use antineoplastic drug preparations is labeled by the manufacturer, 

according to the microbiological instability, and not due to physicochemical instability (14). 

Stability of drug preparations depends on the stability of the active ingredient as well as the 

excipients and dosage form developed by the manufacturers, the stability and compatibility 

of containers and vehicle solutions used for diluted products and external factors like tem-

perature.  

Definition of stability  

The term stability refers to ability of  drug products to remain the same potency of active 

ingredient (s) as it had at the time of compounding under defined conditions and during the 

labeled storage and use period possess (47).   

Instability includes undesired changes in physical appearance of the preparation, or/and the 

degradation of active pharmaceutical ingredient (API), leading to decreased activity ingredi-

ents and/or increased side effects and toxicity.  

Incompatibility refers to alteration of drug preparations  by reactions between the API and 

the solution for reconstitution, vehicle solution, primary container, another medicinal prod-

uct, or the devices and catheters used for administration (47). 
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Physical, chemical, and microbiological stability are typically the most important terms used 

while determining the shelf life of a medicinal product. Most studies focus on the chemical 

stability while few studies reported data about physical and microbiological stability. 

 

Microbiological stability implies the freedom of the parenterally administered medicinal 

products from any viable microorganisms in order to ensure the sterility during the prepara-

tion, storage and use. Of note, determining the microbial stability plays a key role in deter-

mining the shelf life of final pharmaceutical preparation (FFP) because of the lack of data 

about microbial stability. 

 

5.1.     Chemical instability 

 

Chemical instability describes the decrease in the amount or concentration of API or/and 

excipients in the final drug product as a consequence of various chemical reactions like hy-

drolysis, oxidation, photolysis and epimerization leading to reduced efficacy and safety. 

 

 Hydrolysis 

Hydrolysis phenomenon plays the major role in chemical instability, and occurs due to func-

tional groups such as ester, amide, ß-lactam bonds in the chemical structure of most drugs 

that are liable to undergo hydrolytic reaction (48). Often the hydrolysis rate depends on the 

pH value and temperature(48, 49). 

 

 Oxidation 

Oxidation reactions may affect the API or/and excipients by exposure to ambient air or oth-

er  oxidizing agents (49). The rate of oxidation depends on the chemical structure of the 

products and also pH and temperature. 

Therefore, optimum pH value, reduced contact with the atmosphere, and addition of anti-

oxidants as excipients can be the key to diminish the rate of drug degradation (47-49). 
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 Photo degradation (photolysis) 

Some medicinal products are affected by various light conditions (sun light, daylight or arti-

ficial light) and encompassing wavelengths in the range from 290-800 nm. Light may cata-

lyze the oxidation-reduction or hydrolysis degradation pathways. In some cases, photolysis 

gets obvious discoloration of drug and excipients. In order to limit the light induced degra-

dation   of sensitive products, it is recommendable to use proper container material or sec-

ondary packing (47, 48). 

  

 Isomerization-Racemization 

Isomerization refers to a process, in which the drug is converted into its isomer that has 

lower or no therapeutic activity and in some cases seems to be the reason of adverse ef-

fects. Racemization means the conversion of optically active API into its enantiomers which 

present different chemical reactions and undesirable therapeutic activity (50). 

 

 Drug-excipient interaction 

Excipients are usually used in pharmaceutical formulation to ensure the stability or release 

of the active ingredient. However antioxidants or surfactants can also be associated with 

physiochemical instability as well as drug degradation (48, 51). 

 

Other pathways of chemical instability include dehydration, decarboxylation, polymerization 

and catalysis.  

 

5.2.        Physical instability  

Physical instability implies changes of physical parameters of drug products. Physical insta-

bility is expressed as alteration in the elegance of drug, uniformity in the appearance of drug 

content or drug release rate (47). Moreover, the state of drug impacts the physical changes 

of the drug. In solid state formulations, polymorph changes and amorphorization are con-

sidered the important phenomena leading to physical instability of drug, while precipitation, 

lack of solubility, and contents/container interaction with continent or packing material are 

more commonly phenomenon in liquid drug dosage forms (50). 
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 Precipitation 

Precipitation is one of the most common causes of physical instability, especially in the par-

enteral drugs. It occurs by settling of solid particles of API or destabilized excipient out of 

the drug solution as a result of changing in their solubility. 

Monitoring the pH value of final drug product and adding co-solvents to the nonpolar drug 

formulations may improve the solubility of API and drug formulation. Furthermore, using 

surfactants and adding complexation agents can enhance the solubility of various hydro-

phobic drugs in the hospital pharmaceutical preparations. In this case, these preparations 

maintain their bioavailability, safety, and identity (48) 

 Amorphorization/ Polymorphs 

Amorphorization process describes the status of drug substance, at which drug molecules 

possess the highest energy and indiscernible crystalline phases under specific environmental 

conditions. While polymorphs refer to state of drug at which it can be able to identified as 

two or more than crystalline forms (52, 53). 

Despite the advantage of amorphous drug form in improving the solubility and consequent-

ly the bioavailability of poorly-soluble drugs, amorphorization phenomenon affects in some 

cases the release of active substance and minimizes the stability and quality of drug prod-

ucts (52-54). 

 

Under physical changes term, set of mechanisms may impact the quality of drug dosage 

forms like loss of water, water absorbance, loss of volatile compounds, changes in particle 

sizes, viscosity, taste (flavor) and color changes; mostly as a response to chemical chang-

es(pH, light exposure), etc. 

 

5.3.       Factors affecting the stability and the rate of degradation   

Physicochemical stability of medicinal products (stock solution, diluted infusion solution) is 

influenced by different factors: 

 pH  

Each drug has its optimum specific pH value or pH range, at which it maintains its physio-

chemical properties stable and guarantees optimum solubility of the API and its physiologi-

cal availability in the target tissue (47). Moreover, pH has an influence on the rate of degra-
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dation by increasing the hydrolysis and/or oxidation rate, when the pH values fall below or 

go beyond the specification limits. 

Utilization of buffer-independent pH rate in formulation of pharmaceutical product attrib-

ute  retaining the active substance and drug dosage form stable  (48). 

 

 Temperature 

The increase of temperature mostly raises the degradation rate of aqueous drug prepara-

tions. Alteration of the storage temperature of solid dosage forms stimulates melting, 

change of polymorphic states of API or excipient, or loss of the water. Often the increase of 

temperature is associated with changes in humidity (51). Aggregation is a common phe-

nomenon of denatured monoclonal antibody molecules (mAB) and occurs as a result of 

freezing-thawing and elevated temperature (48, 50). 

 

 Light 

Chemical instability of a few drugs is induced by daylight, fluorescent light or UV light by 

accelerated redox reactions or polymerization. (47-49). For instance, the aqueous solutions 

of doxorubicin, epirubicin, and daunurubicin hydrochloride, at low concentrations,  should 

be stored light protected in polypropylene container in order to prevent the photo degrada-

tion (56).  

 

 Moisture 

Moisture content of API (bulk drug) and excipients in solid dosage forms is a critical issue 

regarding physicochemical and microbial stability. Not just API, excipients and packing ma-

terials, but also the manufacturing process can be considered as a source of moisture. Mois-

ture content has an influence on the hydrolysis and dissolution rate and attributes to 

changes of physical and chemical parameters.  

In addition, the growth of microorganisms is stimulated by moisture and attention must be 

paid to the impact of water on the microbial stability of pharmaceutical products, especially 

with parenteral preparations because most of parenterals are normally prepared by using 

an aqueous vehicle. 

 

 



 

 

51 

 

5.4.         Stability Testing 

The main purpose of the stability testing is to identify the quality and integrity of API as well 

as the final drug product during the shelf life and storage conditions claimed, in order to 

guarantee patient safety. 

Stability testing is applied at different stages of drug development providing data about sta-

bility of API, pharmaceutical formulation, excipients, and packaged drug product. Of note, 

the stability study profile takes care for the variation of environmental factors (temperature, 

humidity, light) and packaging materials. Stability test must follow ICH or WHO guidelines 

(57). EMA Guidelines (European agency for the evaluation of medicinal products) are pro-

vided by the committee for medicinal products for human use (CHMP) as additional guide-

lines in the European Union in order to esure the quality and safety of pharmaceutical prod-

ucts (58). 

 

ICH Guidelines  

ICH Guidelines are international guidelines implemented with the aim to enhance the safety 

and quality of new pharmaceutical products within specific global zones (i.e. European Un-

ion, Japan, and USA) (57). According to the ICH guidelines, the main purpose of stability test-

ing is to supply evidence that there are no changes in regarding the specifications of API and 

FPP. 

 

According to the ICH and WHO guidelines, the world is categorized into four climatic zones 

(I-IV) in order to harmonize the conditions used for stability testing and facilitate licensing 

applications in all climatic zones. The climatic zones are based on two main storage condi-

tions, i.e. temperature and relative humidity. The following table presents the climatic zones 

under predetermined specific storage conditions (57). 
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Table 1: Characterization of climatic zones 

Climatic zone Definition of climatic zone Storage conditions 

 I Temperate climate 21 °C, 45% RH 

II Subtropical and Mediter-

ranean  

25 °C, 60% RH 

III Hot, dry climate 30 °C, 35% RH 

IV a Hot, humid climate 30 °C, 65% RH 

IV b Hot, very humid climate 75 °C, 75% RH 

 

The ICH guidelines are vaiid in the climatic zone I and II (i.e. US, Japan, EU). 

Moreover, ICH guidelines focus on different issues of stability of FPP (compare Table 2).  

Table 2: Categories of stability tests  

Codification Type of stability tests 

Q1A(R2) Stability testing of new drug substances and products (59) 

Q1B Photostability testing of new drug substances and products (60) 

Q1C Stability testing for new dosage forms (61) 

Q1D Bracketing and matrixing designs for stability testing of new drug substances 

and products (62) 

Q1E Evaluation of stability data (63) 

Q1F Stability data package for registration (64) 

 

Stability study methods and storage conditions (59) 

Based on the phase of drug product development, climatic zone, and drug dosage form, 

stability studies are classified as follows: 

 

 Long term stability (real stability) 

The aim of this test is to reveal the decomposition and physicochemical stability of API and 

the pharmaceutical product under recommendable storage conditions over a particular time 

period. According to the ICH guidelines, the long term stability testing is performed in early 

stages of drug product development and done every three months in the first year, every six 

months in the second year, and annually afterwards. 

 

 Accelerated stability testing 

During accelerated stability studies, the API is exposed to forced degradation conditions at 

predetermined intervals, i.e. 0, 3, 6 months at elevated temperatures (recommendable to 
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be set at 40 °C), humidity, agitation, and light.  Accelerated test conditions are considered to 

be the worst case conditions for API and drug product. 

 

 Intermediate stability testing  

Intermediate stability testing is performed if any specific change in the drug properties is 

observed throughout the accelerated stability testing. In this case, the test is applied at the 

temperature 30 °C±2 °C and relative humidity 65%  during a period of 12 months and at four 

time intervals (0, 3, 6, 12 months). 

In general, the stability testing criteria used are related to the proposed storage conditions 

of the medicinal products. Recommended test methods and conditions are given in Table 3. 

Table 3: Recommended test conditions and methods according to ICH Guidance 

Recommended 

storage condi-

tions 

Stability testing methods 

Long term  Accelerated Intermediate 

 Ambient tem-

perature  

25 °C ± 2°C/ 60% RH±5% 

or  

30 °C ± 2°C/ 65% RH±5% 

40 °C ± 2°C/ 75% 

RH±5% 

 

30 °C ± 2°C/ 65% 

RH±5% 

or  

No Intermediate 

stability testing 

Refrigerated  5 °C ± 3°C 

 

25 °C ± 2°C/ 60% 

RH±5% 

 

No chance for In-

termediate stability 

testing 

Frozen  -20 °C± 5 °C No chance for accel-

erated stability test-

ing 

No chance for In-

termediate stability 

testing 

 

Stability assessment is challenging, as it requires evaluation and characterization of of 

breakdown products as part of the analysis of the parent product. 
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6      Die STABIL- LISTE© 7. Auflage 2015 

Physikalisch-chemische Stabilität, Kompatibilität und Inkompatibili-

tät parenteral applizierbarer Zytostatika, Virustatika und Suppor-

tivtherapeutika 
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7    Compatibility of drug eluting DC Bead™ with different 

types of non-ionic contrast media 

Treatment of patients with Hepatocellular carcinoma  

Hepatocellular carcinoma (HCC, also hepatic carcinoma) is the second most important cause 

of cancer-related death in the world(1).  Nowadays the Barcelona Clinic Liver Cancer (BCLC) -

Staging System is used to determine the diagnosis, prognosis and the best treatment strate-

gy for the non-resectable HCC patients. The optimum strategy depends on cancer character-

istics (number and size of invaded nodules, macrovascular invasion, extrahepatic metasta-

sis) and cirrhosis related variables (liver function and portal hypertension) (65-67). Accord-

ing to the BCLC classification (see Fig 1), different stages are distinguished which are guiding 

the therapy strategy.  

 

 Figure 5. Liver cancer staging system defined by the BCLC group in order to determine the 

treatment of HCC patient. (PS = performance status 0-4, LT = liver transplantation (cited 

from ref. (68, 696)). 
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Curative therapy includes surgical treatment (hepatic resection as primary therapy for pa-

tient with HCC and a non-cirrhotic liver, liver transplantation for patients with cirrhotic liver 

and single nodule smaller than 5 cm or with maximal three lesions of 3 cm or less), percuta-

neous ethanol injection (PEI), destruction of the tumor tissue by various methods of abla-

tion as cryotherapy, laser therapy, focused ultrasound, microwave ablation as a local abla-

tion therapy and in particular radiofrequency ablation (RFA). RFA is utilized via electrodes 

with high radio-frequency waves which destroy the tumor tissue by heating (70, 71). 

The multi-kinase inhibitor sorafenib  is commonly used to treat HCC patients in order to in-

crease life-expectancy and to retard the progress of HCC in patients with advanced hepato-

cellular carcinoma (70, 72, 73). 

Trans-arterial embolization (TAE or bland embolization) or a combination of TAE and other 

therapies is used as a standard therapy in the palliative setting (74). The blood feeding of 

the tumor is maintained by the hepatic artery and thus by embolization of the hepatic artery 

oxygen and nutrient supply can be stopped and attribute to shrink the tumor. Depending on 

the hepatic reserve, the transarterial embolization can be performed as 

 bland embolization (TAE),e.g. with superabsorbent polymer microspheres (SAP-

TACE) (75) 

  radioembolization (TARE), i.e. local radiation therapy or selective internal arterial 

radiotherapy (SIRT) with 90Yttrium loaded on micro-spheres. The spheres consist of 

glass (TheraSpheres, MDS Nordion)(14) or resin (SIR-Spheres, Sirtex Medical) (76).  

  combination of cytotoxic drugs with iodized oily fluid that takes a role in delivering  

the chemotherapeutic agents (TOCE)  

 combination of embolizing agents with chemotherapy = chemoembolization (TACE) 

where the cytotoxic drug is delivered prior to or simultaneously with the emboliza-

tion agent. The reduced-blood flow keeps the cytotoxic agent in tumor bed with 

more selectively impact on the tumor cells.  
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7. 1            Trans-arterial Chemoembolization (TACE) therapy 

Nowadays the TACE treatment is the preferred treatment in patients with advanced stage 

HCC in German interventional radiology centers despite the absence of a consistent TACE 

protocol (77, 78). Moreover, the TACE procedure includes either transient occlusion by em-

ployment gelatin sponge segments (marketed as Gelfoam®), degradable starch microspheres 

(DSM) as an embolic agent, or permanent occlusion by using stainless steel coils, liquid em-

bolics or polyvinylalcohol (PVA) particles.  

DSM consists of hydrolyzed cross-linked starch particles. Because of  the biodegradation by 

amylase within circa 35 min only temporary embolization is achieved and the chemoemboli-

zation can be repeated several times (79). Embocept® S is a widespread DSM product manu-

factured by the company PharmaCept. It causes less side effects and higher drug accumula-

tion levels into tumor tissue than other devices, possibly because of portal washout (80). 

However there is no evidence for the impact of DSM on the survival or response rate com-

pared to other TACE devices in patients suffering from advanced unresectable HCC (81). 

 Non-spherical PVA-embolizing particles lead to incomplete occlusion of targeted arteries 

because of the irregular shape and variable sizes of the microspheres. The granulometric 

distribution of the microspheres results in distal or untargeted occlusion and perivascular 

inflammatory changes. From this point of view, it is important to choose a proper embolic 

device in the right shape, homogenous size distribution, low elastic properties, and colored 

particles to ease the following of the injection. The marketed spherical embolic products do 

not have the same properties and are characterized by different sizes and embolization 

endpoints. Therefore, the interventional radiologists have to take into account the differ-

ences and to follow the manufacturers’ recommendations in order to obtain the optimal 

results 

According to the European Association for the Study of the Liver (EASL), conventional 

transarterial chemoembolization (cTACE) is approved as the first-line therapy for patients 

who are not able to undergo to surgery, transplantation or ablation (68). cTACE is per-

formed by administration of an adequate amount of emulsified oily radiopaque fluid (usual-

ly Lipidiol®) mixed with chemotherapeutic agents like doxorubicin, irinotecan, mitomycin, 

and cisplatin. Irinotecan (CPT-11) revealed to be more advantageous than other anticancer 
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drugs (82). After delivery of the emulsion, the hepatic artery is embolized with Gelfoam®   

segments or microspheres (71, 77, 83, 84). Supraselective transarterial chemoembolization 

(sTACE) refers to injection of the embolic agent particular into selectively branches of hepat-

ic artery that feed the tumor. The aim is to achieve better targeting of antineoplastic drug 

delivery as well as to minimize both the dosage of injected drug and the damage of sur-

rounding healthy tissues (85). It is applied to patients with defined limited preserved liver 

function. 

Drug eluting beads- facilitate a highly effective simultaneous embolization and local chemo-

therapy, also known as DEB-TACE. In this procedure, microspheres loaded with an anti-

cancer agent embolize the feeding artery of tumor and ensure the controlled release of the 

cytotoxic drug, leading to localized tumor necrosis.  

 

Figure 6. Illustration of transarterial chemoembolization treatment (cited by ref. (86)) 

The supplementary safety and efficacy of DEB-TACE among the TACE procedures has been 

proved in clinical trials by increased tumor response (87-89) and lower rates of side effects 

caused by the decreased systemic exposure (90). DEB-TACE treatment was associated with 

higher survival rates than cTACE and enhanced quality of life in patients with advanced 
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stages of HCC (91, 92).  On the other hand there are study reports showing no significant 

difference in the safety and efficacy of DEB-TACE in comparison to cTACE.  There are no un-

ambiguous data supporting the preferred use e of a specific chemotherapeutic agent or a 

specific combination. Doxorubicin and irinotecan are considered to be the best choice for 

patients with HCC and metastatic colorectal cancer (mCRC) (93, 94). Doxorubicin, epirubicin, 

irinotecan and topotecan are cationic drugs which can be loaded to negatively charged mi-

crospheres. However, other efficacious antineoplastic agents like cisplatin and mitomycin 

cannot be loaded to the beads because of lack or limited cationic properties (95). In addition 

to the type of the chemotherapeutic agents, the choice of the bead size is also crucial for 

the success of the treatment. Smaller beads can settle deeper in the tumor and thus cause 

more tumor necrosis (96). The greater surface area of the smaller beads  resultsin more rap-

id drug loading into the beads and is in turn associated with faster release of loaded drug  

(97, 98). Currently, the preferred size of microspheres is 100-300 microns diameter (83) 

 Loadable, commercially available Microsphere Products  

There are different types of embolizing agents currently marketed that have the ability to 

deliver the antitumor therapeutic agent to the targeted tumor. Medical products liecensed 

to treat HCC patients in Europe and the USA are: HepaSphere™  (known in the USA as Quad-

rasphereTM), DC Bead® (LC bead™ in the USA) and Embozene Tandem®. All these products are 

constructed with negatively charged substructures, in order to be capable to uptake cationic 

drugs. By addition of positively-charged chemotherapeutic agent to the mixture, cation ex-

change is induced. 

  

 HepaSphere™ microspheres  

HepaSphere microspheres are produced by the company Merit Medical System. The two 

monomers vinyl acetate and methyl acrylate are used to form sodium acrylate alcohol co-

polymer. This design allows the negatively charged acrylate to interact with the cationic cy-

totoxic drugs.  The microspheres are packaged in dry status without a solvent, to facilitate 

loading of aqueous solutions (99). The bead sizes range from 30-200 µm. The loading and 

elution rates of loaded drugs are based on both particle size and loading method (100). 
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 Embozene TANDEM ® microspheres 

Embozone Tandem microspheres are licensed in Europe since 2012 and are aimed to pro-

longed release of the anticancer drug through utilizing smaller calibrated microsphere sizes 

(101). They consist of a non-organic perfluorinated polymer (Polyzene®-F) with a sodium 

carboxylate group which allows the ion exchange with cationic drugs. Embozene TANDEM ® 

microspheres are coming to the market as a suspension in prefilled syringes as primary 

packaging material. They are available in three tightly calibrated sizes 40 ± 10 μm, 

75 ± 15 μm and 100 ± 25 μm, which guarantee the stability of the microsphere sizes  during 

the loading process and under storage conditions (the size changes are less than 5%) (102).  

These microspheres have been designed to ensure lower eluting rates of the loaded drugs 

with higher penetration into the peripheral vessels of the tumor bed (101, 102). 

 

 DC Bead® 

DC Bead® is a CE marked hydrogel microsphere product developed by Biocompatibles Inter-

national, meanwhile BTG International Ltd. The PVA hydrogel microspheres are cross linked 

with negatively charged sulfonate groups, with the purpose to release a loaded drug locally 

in a controlled behavior. The DC Bead® sizes available vary in diameter from the largest size 

(900-1200) µm to the smallest size of 70-150 µm (= M1) (103). DC Bead® is marketed in vials 

as 2 ml microspheres suspended in 6 ml physiological buffered saline, colored blue to facili-

tate the injection.  

The loading process, loading period, and loading capacity depends on the type of DEB prod-

ucts and chemotherapeutic agent used. The loading features of doxorubicin into different 

microsphere products are given as an example in Table 5. 
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Table 4: Characters of doxorubicin-loaded currently available types of microsphere  

products 

Doxorubicin DC Bead®  

 

Hepasphere™ 

 

EmbozeneTandem® 

 

Loading amount 

 

 

Loading period 

37.5 mg/mL (100-

300 µm or M1)  

 

60 min 

  

25 mg/mL (400-600µm) 

 

 

60 min 

50 mg/mL (40 

/75/100µm) 

 

60 min 

 

Loading efficacy  98±3 % 82- 100% 98±2 % 

Drug release 27±2  % 18±7  % 

 

- 

Size changes after 

loading  

 ≤ 20 % - <5 % 

 

Loading process of DC Bead® 

 The loading process of the beads can be carried out in the original DC Bead® vial when the 

drug volume to be used is smaller than the vial size. The loaded beads are transferred into a 

syringe for the application. Otherwise the unloaded beads are shaken, transferred via an 18-

gauge needle into a syringe and loaded there. At first the excess buffered saline is expelled 

as far as possible via a 5 µm filter needle, in order to limit the competition with cationic 

drugs to bind to sulfonate binding sites. Attention should be paid during removing the buff-

ered saline to avoid aspiration any beads. The bead slurry is then admixed with the calculat-

ed amount of the drug solution. The period of loading depends on various factors, such as 

total drug dosage, drug concentration, microsphere size, and agitation conditions (compare 

Fig. 7.). 

Prior to the application, the excess supernatant is to be removed, as well as the drug loaded 

bead suspension is mixed with non-ionic contrast medium to guide the delivery into the 

targeted vessel.  After the administration controlled and extended release of the chemo-

therapeutic agent is most relevant.  
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The compatibility of Dox-loaded beads (DEBDox) with selected non-ionic contrast media is 

proven for up to 7 days. No degradation products of Dox were observed the remaining load-

ing rate amounted to > 99 % when the admixtures were stored under refrigerated condi-

tions (22). In contrast, the admixture of irinotecan loaded beads (DEBIRI) (bead size 100-300 

µm, 300-500 µm)  and different non-ionic contrast media resulted in 5-10% immediate re-

lease of irinotecan from the beads when the samples were stored at room temperature and 

light protected (23). 

Nowadays the smaller bead diameter is recommended to use in TACE procedures and DC 

Bead M1 (bead size 70-150 µm) is widely introduced into the market. Therefore it is im-

portant to evaluate the compatibility of the novel bead size 70-150 µm loaded with epirubi-

cin or irinotecan and mixed with different nonionic contrast media which are commonly 

used by radiologists to guide the injection to the targeted tumor site. For epirubicin loaded 

beads, the study was planned to be performed with four different non-ionic contrast media 

over a period of 7 days while the samples are stored light protected under refrigerated con-

ditions. In the same way, the compatibility of mixtures of DEBIRI and four different volumes 

of seven non-ionic contrast media was planned to be studied up to a period of 24 hours 

while stored at room temperature.   
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Figure 7. Steps of loading irinotecan solution into DC Bead 
®
 according to the manufacturer’s 

instruction leaflet (cited from ref. (104)) 
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7.2    Compatibility of Epirubicin-loaded DC Bead™ with  

different contrast media 
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Epirubicin  

Epirubicin (or 4-epidoxorubicin) is the 4-epimer of doxorubicin and differs from Dox in the 

orientation of hydroxyl group at 4-carbon of sugar molecule.Like doxorubicin it belongs to 

the anthracycline cytotoxic category. Clinical trials started in 1980 (105), and epirubicin was 

approved for human use in Europe in 1982 (106). Epirubicin is used in patients with various 

types of tumors like breast cancer, gastric carcinoma, ovarian cancer, soft tissue sarcoma, 

and pancreatic cancer. 

Epirubicin has the ability to intercalate into DNA and form complexes thus inhibiting the 

nucleic acid synthesis. Intercalation of DNA also prompts the DNA cleavage by topoisomer-

ase II, leading to cytocidal activity (apoptosis) which is supported by the generation of free 

radicals in the biotransformation. Furthermore, epirubicin has shown the ability to bind to 

cell membranes and plasma proteins, resulting in increasing the membrane fluidity and 

permeability. Pronounced cytostatic activity takes place in the synthesis phase of the cell 

cycle (107).  The effectivity of anthracyclines depends on the dose administered and the 

commonly observed toxicities are cardiotoxicity and myelosuppression. It is important to 

note, that the cardiotoxicity of anthracyclines is irreversible and the use limited to maximum 

cumulative doses. The cardiotoxicity is maybe due to the free radicals (107) and lack of the 

inactivating enzyme in the heart tissue. 

Epirubicin-loaded DC Bead™ 

Several clinical studies were performed with epirubicin loaded beads (DEBEPI) (108-111). A 

validated loading procedure, compatibility and stability of the loaded beads is a prerogative 

for the safe and effective use of the beads. The loading of 75 mg epirubicin per 2 ml DC 

Bead™ (bead size 70-150 µm=M1, 100-300 µm) was analyzed in our working group. Physico-

chemical stability of the epirubicin loaded beads was given over at least 28 days regardless 

of the formulation of epirubicin used, when the samples were stored light protected at 

room temperature. (112) 

Loading of the epirubicin injection concentrate 2 mg/mL required 6 hours while the loading 

period of epirubicin powder for reconstitution 50 mg (reconstituted with 2 mL water for 

injection to achieve the concentration 25 mg/mL) was 2 hours. This longer loading time of 
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epirubicin injection concentrate is due to the lower concentration gradient. Moreover, the 

loading rate of epirubicin into DC Bead™ is dependent on the concentration of loading solu-

tion, size of the beads and agitation conditions applied during the loading process. Inde-

pendent from the epirubicin formulation used during the loading process, the elution rate of 

epirubicin relies on the bead size as well as both the volume and ionic strength of elution 

medium (112). 

Because there is a lack of data about the compatibility of epirubicin loaded DC Bead™ of the 

bead size 70-150 µm and 100-300 µm with different types of non-ionic contrast media , the 

aim of this study was to evaluate the amount of epirubicin eluted after mixing with four dif-

ferent non-ionic contrast media and storage over a period of 7 days under refrigerated con-

ditions and light protection. In addition the purity of epirubicin eluted should be investigat-

ed. 
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€  

7.3    Compatibility of Irinotecan-loaded DC Bead™ with  

different volumes and types of non-ionic contrast media 
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Irinotecan  

Irinotecan (known as CPT-11) which is a semisynthetic analogue of camptothecin, has been 

approved by FDA (food and drug administration) in 1998 to treat patients with colorectal 

cancer after failure of treatment with 5-flourourcil (113). Today irinotecan is used in the first 

and the second line regimens to treat metastatic colorectal carcinoma. The first line regimens 

include combination of irinotecan with 5-fluorouracil and leucovorin (Folfiri) what attributes 

significantly to improve the response rate. The second line regimens include combinations of 

irinotecan with oxaliplatin (Folfoxiri) (114) or with monoclonal anti-EGFR (Epidermal 

Growth Factor Receptor) or anti-VEGF (Vascular Endothelial growth Factor) antibodies 

(115). Irinotecan acts by inhibition of topoisomerase I, resulting in single or double DNA 

strand breaks during the S phase of cell cycle.  As there is no sufficient repair mechanism cell 

death occurs (116). 

It is important to note that the intact lactone ring of irinotecan is in charge of cytotoxic activi-

ty, and an acidic environment (pH<3.5) guarantees impaired lactone structure (117, 118).  

 

 

Figure 8:  pH dependent equilibrium of lacton and carboxylate form of irinotecan 

Irinotecan loaded beads can be utilized for loco-regional treatment of liver metastasis of colo-

rectal cancer. Effectivity and safety are facilitated by extended contact time and controlled 

release into the targeted tumor site. Combination therapy of TACE with DEBIRI and oral 

NNeutral/base 
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capecitabine in patients with mCRC and liver-dominant disease causes less toxicity than the 

systemic treatment with irinotecan (118). The efficacy of the treatment with irinotecan loaded 

beads depends on the amount of irinotecan penetrated into the tumor bed, i.e. the delivered 

amount of irinotecan (119). Increased response rates and optimum tolerance profiles are 

achieved in patients with liver metastasis by administration of DEBIRI with the bead size 70-

150 µm=M1 compared to patients receiving DEBDox under the same conditions (120). 

The ability of irinotecan to be loaded into DEB is related to its protonated amino function that 

binds strongly to the negatively charged sites in the microspheres. The loading rate is deter-

mined by the bead size, presence of ions in the surrounding medium, and the loaded amount 

of irinotecan (121). The physico-chemical properties of irinotecan, the loading stability and 

elution rate has been investigated in in vitro and pre-clinical studies with different sizes of 

DC Beads (average range 70-900 µm) (23, 120, 121).  The maximum amount of irinotecan 

loaded per ml beads is 50 mg within the loading time of 2 hours. The resulting loading rate is 

96-100% depending on the bead size (23, 122, 123). The study of Kaiser et al. revealed sta-

bility of DEBIRI over a period of 28 days when using beads of the size ranges 100-300 µm 

and 300-500 µm and storage refrigerated under light-protection (23). In addition the compati-

bility of DEBIRI (bead size 100-300 µm, 300-500 µm) with selected non-ionic contrast me-

dia was studied by Kaiser et al. and an immediate release of 5-10% of the loaded amount got 

obvious. The resulting recommendation was to refrain from mixing DEBIRI with non-ionic 

contrast medium in advance e.g. in centralized cytotoxic preparation units (23). More recent-

ly DC Bead™ M1 (bead size 70-150 µm) were introduced into the market and data about the 

effect of mixing DEBIRI (bead size M1) with non-ionic contrast media are not available. The 

aim of this study was to evaluate the compatibility of the novel bead size 70-150 µm loaded 

with irinotecan up to 50 mg per 1 ml bead and suspended homogenously with seven different 

non-ionic contrast media which are commonly used by radiologists to guide the administra-

tion of DEBIRI to the targeted tumor site. Up to four different volumes (5, 10, 20, 30 mL) of 

the non-ionic contrast media were admixed and the release of irinotecan investigated over a 

maximum period of 24 hours and storage at room temperature. 
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8      Summary 

Ready-to-use antineoplastic drug preparations are usually prepared in the patient individual 

dose in hospital pharmacies under strict aseptic conditions. Thereby medication errors dur-

ing preparation and administration are reduced. However knowledge about the microbial 

and physicochemical stability of the ready to use anticancer drug preparations is necessary. 

Viability of micro-organisms in novel chemical and biopharmaceutical  

anticancer drug solutions 

Preparation of ready-to-use cytotoxic solutions should be performed under strict aseptic 

conditions in order to guarantee the freedom from pathogenic microorganisms and pyro-

gens. In other words, the sterility of these products plays a key role in drug safety. However, 

sterility testing cannot be carried out in accordance with the pharmacopoeia because of the 

singularity of each preparation and administration of preparation before getting the results 

of sterility tests. Of note, the viability of microorganisms in anticancer drug preparations is 

unknown. Therefore viability of micro-organisms, i.e. S. aureus, P. aeruginosa, E. faecium, C. 

albicans which are commonly related to nosocomial infections and represent potential con-

taminants were tested in novel chemical and biopharmaceutical anticancer drug prepara-

tions. The test conditions simulate the worst possible conditions for patients and optimal 

circumstances for the growth of microorganisms. The tested antineoplastic drug products 

(aflibercept, brentuximab-vedotin, nelarabine, ofatumumab, arsenic trioxide, temsirolimus, 

ipilimumab, cabazitaxel, trabectedin, eribulin, fotemustine, nab-paclitaxel, panitumumab, 

clofarabine) were aseptically reconstituted according to the manufacturers’ recommenda-

tions in the centralized cytotoxic drug preparation unit of our Pharmacy Department and 9 

mL of each sample preparation were aseptically transferred in quadruplicate to sterile emp-

ty containers, and agitated with 1 mL of each microbial suspension to achieve concentra-

tions of approximately 104 micro-organisms per mL and get homogenized suspensions. 0.1 

mL samples were transferred immediately and after 1, 3, 5, 24, 48, and 144 hours of inocu-

lation to tryptic soy agar plates in duplicate. The plates were incubated for 24 hours at 37 °C 

and the CFU counted while the inoculated preparations were stored at room temperature 

(22 °C) and protected from light. Most of anticancer drug solutions showed neither growth-
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retarding nor growth-supporting properties. An exception was trabectedin solution which 

has antibacterial activity.  

Therefore in pharmacy departments the solutions for parenteral administration must be 

prepared under strict aseptic conditions and appropriate quality assurance programs should 

be established in order to guarantee the sterility of drug preparations. The lack of antimi-

crobial properties should be considered during determination of expiration dates of ready-

to-use solutions of most antineoplastic drugs. Furthermore, it is recommendable to keep all 

ready-to-use preparations refrigerated whenever possible to inhibit the growth of any con-

taminating organism. 

Viability of selected microorganisms in non-cytotoxic aseptic preparations  

Pharmacy-based preparation of ready-to-use parenteral solutions should be accompanied 

by quality tests including monitoring of environmental conditions, media fills and sterility 

tests of dummy solutions dedicated additional preparations. 

Seventeen aseptically prepared ready-to-use parenteral preparations (caspofungin 35 mg in 

250 mL 0.9% NaCl solution, 70 mg/250 mL 0.9 % NaCl solution, micafungin 0.5 mg/mL in 

0.9% NaCl solution, vancomycin 5 mg/ml in G5 and G10, heparin-sodium 1 IE/mL, epineph-

rine 0.02 mg/mL in G5, norepinephrine 0.01 mg/mL in G5, phenylephrine 10 mg/mL, KCl 

solution 0.8 mol/mL, trace elements 1:1 in G5 and G10, midazolam 5 mg/mL injection, 

tranexamic acid injection solution 100 mg/mL, 50% glucose solution, SMOF Lipid 20% emul-

sion, 1% propofol injection emulsion) were inoculated with selected micro-organisms includ-

ing i.e. S. aureus, P. aeruginosa, E. faecium, and C. albicans. Over a period of  7 days the 

growth retarding or growth promoting character of the preparations  was studied  Nine mL 

aliquots of each test solution were inoculated with 1 mL suspension of selected strains and 

agitated to achieve homogenous test suspensions. 0.1mL of the inoculated suspensions was 

withdrawn at predetermined time points (0, 1, 3, 5, 24, 48, 144 hours) and transferred to 

tryptic soy agar plates in duplicate. The plates were incubated at 37 °C and colony forming 

units counted after 24 hours. The selected microorganisms remained viable in most test 

preparations. Few tested preparations including vancomycin, phenylephrine or midazolam 

were able to inhibit the growth of selected strains after a period of a few hours or days. Glu-

cose 50% w/v solution and tranexamic acid solution generated antibacterial activity against 
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P. aeruginosa respectively immediately and after 48 h of inoculation. In glucose 50% w/v 

solution, C. albicans lost viability directly after inoculation. The insufficient antimicrobial 

properties of ready-to-use, non-cytotoxic solutions should be considered while determining 

the shelf-life of the products. Ready-to-use preparations should be kept refrigerated when-

ever possible to inhibit the multiplication of any contaminating organism 

Updated data about physical and chemical stability of anticancer drug  

preparations 

Stability data reported in the SmPC and other official documents are rather limited by mi-

crobiological instability than by physical and chemical instability. Known physicochemical 

stability data over prolonged periods facilitate the preparation of ready-to-use products in 

advance, especially for weekends and home chemotherapy treatment. There are a number 

of originator publications and databases available dealing with the physicochemical stability 

of reconstituted and diluted cytotoxic preparations. A comprehensive information source in 

table format (STABIL-LISTE©) is compiled by the Pharmacy Department of University Medi-

cal Center in Mainz. In the updated version of STABIL-LISTE© 7th ed., 2015 information 

about the stability/compatibility of drug loaded beads as well as 12 recently approved anti-

cancer drugs (alemtuzumab 10 mg/mL, amsacrine 1.5 mg/mL, belinostat, blinatumomab, 

nivolumab, obinutuzmab, pembrolizumab, plerixafor, ramucirumab, rituximab subcutane-

ous injection, trastuzumab subcutaneous injection trastuzmab emtansine) was added. 

Methods of data compilation are described, conflicting results and open questions were 

commented. In the new edition of STABIL-LISTE© for the first time data about the stability 

and compatibility of drug eluting DC Bead™ were implemented. These data result from the 

following experimental studies.   

Compatibility of epirubicin-loaded DC Bead™ with different non-ionic  

contrast media 

Transarterial chemoembolization (TACE) is the optimum treatment for patients who are not 

able to undergo to surgery, transplantation or ablation of HCC. During DEB-TACE treatment, 

the negatively charged substructures of microspheres can be loaded with cationic antineo-
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plastic drugs in order to deliver the cytotoxic agent continuously over prolonged period by 

drug controlled release. 

Loading of the beads with doxorubicin, epirubicin, irinotecan or topotecan is usually per-

formed in a pharmacy-based aseptic preparation unit. The physio-chemical stability of epi-

rubicin loaded beads over a period of 28 days was reported previously. However, there is a 

lack of data about the compatibility of admixtures of epirubicin-loaded DC Bead™ (bead size 

70-150 µm (M1) and 100-300 µm) with commonly used non-ionic contrast media. Compati-

bility was studied by mixing2 mL DC Bead™ (Biocompatibles UK Ltd) with diameters of 70-

150 µm (= M1) and 100-300 µm with epirubicin 75 mg of a reconstituted powder formula-

tion 25 mg/mL epirubicin (Farmorubicin®) or epirubicin 76 mg of injection concentrate 2 

mg/mL (Epimedac® 2 mg/ml) within 2 h or 6 h, respectively. 

Compatibility experiments were performed over a period of 7 days  after mixing epirubicin 

loaded beads (bead size M1, 100-300 µm) with an equal volume (~1.5 ml) of contrast media, 

i.e. Accupaque™ 300 (Nycomed Inc.), Imeron® 300 (Bracco S.p.A), Ultravist® 300 (Bayer 

Pharma AG), Visipaque™ 320 (GE Healthcare) to get a homogenous suspension. Concentra-

tions of epirubicin in tested suspensions were tested on day 0, 1, and 7 by using RP-HPLC 

assay with UV.  Mixing of epirubicin-loaded beads with an equal volume of different non-

ionic contrast media released 0.1-0.5% of epirubicin over a period of 7 days irrespectively of 

the DC Bead™

 

size or type of contrast media and the purity of epirubicin into EPIBED in the 

presence of non-ionic contrast medium was more than 99.5%. No further elution or degra-

dation was observed after 7 days when the admixtures were stored protected from light 

under refrigeration. Thereby admixtures of epirubicin-loaded DC Bead™ with non-ionic con-

trast media can be prepared in advance in centralized cytotoxic preparation units. Moreover, 

microbiological aspects should be considered while determining the expiration date of the 

product 

Compatibility of Irinotecan-loaded DC Bead™ with different volumes and 

types of nonionic contrast media 

Irinotecan loaded beads were utilized for loco-regional treatment of liver mCRC and showed 

high efficacy and safety resulting from extended contact time with tumor site, controlled 
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release of irinotecan into the targeted tumor bed and less toxicity comparable with systemic 

treatment with irinotecan. More recently DC Bead™ M1 (bead size 70-150 µm) were intro-

duced into the market, despite the lack of data about the compatibility of admixtures of 

DEBIRI (bead size M1) with different types and volumes of non-ionic contrast media com-

monly used commonly by radiologists. After removal of physiological buffered saline, 2 ml 

DC Bead™ M1 (Biocompatibles, BTG) were loaded with 100 mg irinotecan infusion concen-

trate within 2 hours. The loading efficiency was determined by measuring the concentra-

tions of irinotecan in the excess solutions via a reversed phase HPLC assay with ultraviolet 

detection and amounted to 99.7%. The compatibility experiments of admixtures of DEBIRI 

with different types and volumes of contrast media were studied by mixing 2 ml DEBIRI 

bead slurry each with up to four different volumes (5, 10, 20, 30 mL) of seven different con-

trast media (Accupaque™ 350, Imeron®400 MCT, Optiray™, Optiray™350, Solutrast®350, 

Ultravist®370, and Xenetix®350 ). Each sample was tested in triplicate and withdrawn after 

30, 60, 120, 240, 480, and 1440 min. Admixtures were stored light-protected at room tem-

perature over the observation period. Mixing of DEBIRI with nonionic contrast media de-

creased the irinotecan loading efficiency between 2.5% and 18% over the observation peri-

od of 24 h depending on both the type and volume of contrast medium admixed. Therefore, 

the advanced preparation of admixtures of IRIDEB and non-ionic contrast media is unsuita-

ble and inconvenient for preparation in a pharmacy-based cytotoxic preparation unit.  
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