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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-



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 pm 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 um, 100-300 pm) with nonionic contrast media (Accupaque™ 300 (lohexol), Im-
eron® 300 (lomeprol), Ultravist® 300 (lopromid), Visipaque™ 320 (lodixanol)) 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 um, 100-300
um) 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 um) 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.



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 Stabilitat dieser Zubereitungen bleibt ein
Hauptproblem in Bezug auf die Ermittlung ihrer Haltbarkeit. Aus diesem Grund sind zuver-
lassige Informationen Viabilitat von Krankheitserregern in diesen Zubereitungen von hohem
Interesse. Dementsprechend wurden experimentelle Untersuchungen mit ausgewahlten
fakultativ pathogenen Mikroorganismen (S. aureus, E. coli, P. aeruginosa, C. albicans) in Zu-
bereitungen von insgesamt 14 neuartigen chemischen und biopharmazeutischen Antineo-
plastika durchgefiihrt. Die gewahlten Wachstumsbedingungen sollten die schlechtesten Be-
dingungen fur Patienten und optimale Bedingungen fur das Keimwachstum simulieren. Die
meisten getesteten neuen Antitumor-Arzneimittel zeigten weder wachstumshemmende
noch wachstumsférdernde Eigenschaften. Eine Ausnahme stellte Trabectedin dar, das rasch

bakterizid wirkte.

Zusatzliche Experimente mit aseptischen Zubereitungen ohne CMR-Eigenschaften zeigten,
dass die ausgewadhlten Testkeime rasch die Vermehrungsfahigkeit in Zubereitungen von
Vancomycin, Phenylephrin und Midazolam verloren. Glucose 50% w/v-Losung und
Tranexamsdureldsung wirkten spezies-spezifisch antimikrobiell. Die antimikrobielle Wirkung
von Midazolam ist durch den sauren pH-Wert, von Glucose 50% durch die hohe Osmolaritat
und von Phenylephrin Losung durch den Hilfsstoff Natriummetabisulfit verursacht. In den
lipidhaltigen Emulsionen stieg die Zahl der Kolonie bildenden Einheiten rasch an. Komplexe
Parenteraliazubereitungen sollten wann immer moglich unter aseptischen Bedingungen in

der Apotheke zubereitet und gekihlt aufbewahrt werden.

Zusammen mit der mikrobiologischen Stabilitat ist die physikalisch-chemische Stabilitat der
applikationsfertigen Infusions- oder Injektionsldsungen bei der Festlegung der Haltbarkeit
entscheidend. Ebenso ist die Stabilitdt der konzentrierten Stammldsungen eine Vorausset-
zung fir die Weiterverwendung nach dem Erstanbruch. Es gibt zahlreiche Publikationen und
auch Datenbanken, die die physikalisch-chemische Stabilitdt von rekonstituierten und ver-

diinnnten Antineoplastika-Zubereitungen zum Gegenstand haben. In sehr komprimierter



Form werden diese Informationen in der STABIL-LISTE© dargestellt, die von der Apotheke
der Universitatsmedizin Mainz herausgegeben wird. Die aktualisierte Version der STABIL-
LISTE© 7. Aufl., 2015 bietet einen raschen Uberblick iiber die Stabilitidt/Kompatibilitit von
Zytostatika beladenden Mikrosphéaren (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 hepatozelluldare Karzinome (HCC) oder Lebermetastasen von Kolonkarzinomen heutzutage
haufig simultan embolisiert und eine lokale Chemotherapie mit Zytostatika-beladenen Mik-
rospharen (DEB) durchgefihrt. Die dafir indizierten DC Bead™ werden in verschiedenen
Durchmessern von 70 bis 900 um vermarktet und kdnnen 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 gewahrleis-
ten. Voraussetzung fiir eine effektive und sichere Therapie ist die Stabilitdt der beladenen
Mikrosphdren sowie die Kompatibilitat mit dem Kontrastmittel. Daher wurde die Kompati-
bilitdt von Epirubicin-beladenden und Irinotecan-beladenden DC Beads™ des Durchmesser
70 bis 150 um und 100 bis 300 um mit haufig verwendeten, nicht-ionischen Kontrastmitteln
(Accupaque™ 300, Imeron® 300, Ultravist® 300, Vispaque™ 320) untersucht. Im Ergebnis
kann die Mischung von Epirubicin-beladenden DC Bead-Mikrosphéaren (70-150 um, 100-300
um) mit den ausgewahlten nicht-ionischen Kontrastmitteln empfohlen werden, da Stabilitat
Uber 7 Tage nachgewiesen wurde. Mischungen aus Irinotecan beladenden DC Bead-
Mikrosphdren 70-150 um mit verschiedenen Arten und Mengen von nicht-ionischen Kon-
trastmitteln erwiesen sich als inkompatibel, indem zu groRe Mengen Irinotecan unmittelbar
freigesetzt wurden. Die Mischung sollte daher nur unmittelbar vor der Anwendung durch

die applizierenden Radiologen selbst erfolgen.
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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

(m?) or the body weight (kg), and if necessary adopted to renal and hepatic function (5).



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.



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.

Stability

Temperature
Light

Oxygen

Shaking
Microorganisms

/N

Cytotoxic (active substance)

/ Excipients\

Vehicle solution Container

Environment

Extemporaneous
preparation

|dentity Content Purity

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

14




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 um (M1), 100-300 um) 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 a,, 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 a,, and increases with increased a,, 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° 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 E,, (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).

1,E+11 — — e — =

1,E+09 | —— l

[ |
1,E+07 |
1,E+05

1,E+03

log cfu

1.E+01

1,E-01 ¢ ]
1,E-03 1

1,E-05 * —_—— —_—
0 10 20 30 40 50

time (arbitrary units)

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, CO, 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 (CO, monitoring technology)
The colorimetric growth detection method is based on changes in color of media
bottles, due to the production of carbon dioxide (CO,; 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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Muost anticancer dmyg products used in clinical practce lade antimicrobial propertes. Therefore,
materials and methods utlised to prepare the parmterally administered preparations must s wne
sterility and avoid the introdudion of contaminants and the growth of microorganisms. The aim of
the study was to evaluate the growth potential of four different microorganisms in diluted resdy 4o-
use movel chemical and biopharmaceutical anticancer drug preparations .

In three consecutive series, 14 different antineopl astic d rugs were diluted to the lowest costomary
neentratons in polyvolefin containers prefilled with 0.9 % sodium chloride or 5% dextrose solution.
Aliguots (9 mL) of each antcan cer drog soluton were inoculated with 1 mL suspension of bacteria or
fungi | Staphylococcus aurens, Enterococcus faecium , Pseudomonas aeruginosa and Candida albicans)
to wehieve approxdmatdy 10F microorzanisms par mL. Pure vehicle solutions were used as positive
wontmls in esch series. The inoculated preparations were stored at moom temperature (22°C) and
protected from bght. Samples (1 mL ) were taken immediately and 1, 3, 5, 24, 48 and 144 hours after
imoculaton, processed and transferred to tryptic soy apar plates. The plates were incubated st 374C
and the colony -forming units counted after 24 hours.

The tested microorganisms remained visble in most of the anticancer drog solutions over a period
of 144 hours after inoculation. Trabectedin was the only prodoct penerating distinet and rapid
antibacterial activity. Viability of C.albicans was not affected by trabecteding but growth of the
fungus wis retarded in temsimlimuos-containing sam ples. Nab-paclitaxe]l suspension supported the
erowth of the selected bacteria and fungus.

Most of the novel anticancer dmg products showed neither growth-retarding nor growth-
supporting properties. Therefore, in pharmacy departments the anticancer drog products for
parenteral administration should be prepared under strict aseptic conditions and rdrigerated. Lack
of antibascterial and antifongal properties should be considered when assgning extended expiry
dates. Attention should be paid to the vulnerability of al bumin-containing na b-paclitael suspensions

to microorganis m proliferation.

Key words: Biopharmaceutical anticancer drug solution, micmorganisms, antimicrobial act vity.

Introduction

The armamentarium of mticancer dmgs is stll constantly
gmwing. Hecently approved antcancer medicinal products
comprise of the innowvative signal transduction inhibitors,
which can be admimstered orally, as well a2 novel small
molecules and monoclonal antibodies, which are administered
paremterally. The latter are mostly supphed as ready-to-use
preparatons imdividually prepared for specific patients by
phamacy-based centralised cytotoxic preparation units. The
preparation process must take place in accordance with the
regulatory framework of good preparation practice, such as the
Pharmaceutical Inspection Cooperation Scheme (PIC/S) PE

*Corresponding awthor: Profssor Dr. Irene Kramer, Depariment of
Pharmacy, Lniversity Medi@] Cener, Johannes Guienberg- University,
Langenbedkstrafie |, 55 131 Mainz, Germany; Tel +49 6131 177209; Email:
imne kraemerSum med ixin -manz de

010-3', the European Pharmacopoeia 7.7 Pharmacewutical
Preparations’, the United States Phamacopeia Monograph
<797, and wanous national guidelines. Matenals and
methods wsed to prepam parenterally administered products
must ensure sterlity and avoid introduction of contaminants
and the growth of microorganis ms*.

Quality tests of individual anticancer drug preparations are
lirited by singulanty of each prepamtion and time res trimnts.
In most cases, prepamtions are administered earlier than the
msults of sterility tests are available. However, the results of
sterility tests, media fills and environmental monitoring
programs are useful for process validation.

This is especially true because most of the anticancer drug
preparations lack antimicrobial properties*. Of note, growth
of microorganisms was not stimulated in previously tested
monoclonal antibody -contaiming prepamtions’. There was no
obvipus  dimect  link  between chemical structures or
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pharmacological principles and amtimicrobial activity in
our previous studies. Momover, there was no cormelation
between antifungal and  antibacterial - activity, and
mitimicrobial activity pmved to be species specific.
[hring the validation of the sterility tests, the
manufacturers of medicinal products have to determine
the extent to which bacteria survive in the products. The
aimof the present study was to evaluate the growth of four
different  microorganisms  n diluted  ready-to-use
preparations of 14 chemical and  biopharmaceutical
medicinal products approved for anticancer therapy after
the year 2007 . The microorganisms chosen are commonly
msociated with nosocomial infections and  represent
potential contaminants. The test conditions simulate the
worst possible conditions for patients and optimal
dmumstances for the growth of microorganisms.

Materials and methods

The study was perfformed in three consecutive series,
investigating the antimicrobial activity of four dmug
products in the first series (aflibercept, brentuximab-
vedotin, nelarabine, ofatumumab), four drug products in
the secomd  senes  (arsenic  trioxide,  temsitolimus,
ipilimumab, cabazitaxel), md six dmg products in the
third series (trabectedin, eribulin, fotemustine, nab-
paclitaxel, panitumumab, clofambine). During each of the
three series, the vehicle solutions (0.9% sodium chloride
(MNaCl) solution, 5% dextrose solution) wene tested in
parallel and acknowledged as a positive control measure.

Preparation of inocula

‘The prepamtion of inocula was camied ot at the Institute
of Medical Microbiology and Hygiene, University
Medical Center  Maine, Germany. The  four
microorganisms  selected  for  the  study  wem
Staphwlococcus anrens ATCC strain 6538, Preudomonas
aeriginosa ATCC stmin 15542, Enterococcus fascium
ATCC stmin 6057, and Candida albicans ATCC strain
10231. The microorganisms were culturad on agar plates
(CASO-Agar, Oxoid Deutschland GmbH; LOT 1406767)
for 24 howurs (. albicans T2 h) a 375%C.

Subsequently, the cultures were harvested and
suspended in 0.9% MaCl solotion. The concemtration of
microorganisms was adjusted by matching the turbidity of
the =mpensions with McFarland  standards. The
McFarland standands wsed to achieve a micmorganism
concentration of 10° colony forming wnits (CFU mL were
0.5 for Sawens and E fascinm, (0.2 for Paeruginosa, and
2.5 for Calbicans . The inocula were further diluted with
09% Nzl solution to achieve wishle counts of
approximately 104/mL.

Sample preparation
The 14 antineoplastic dmg products tested, solutions used
for reconstitution and dilution, the final concentrations,
md the in-house data reganding physicochemical stability
of the prepamtions are shown in Table 1.

The drug products were aseptically meconstituted
acconding to the manufacturers” recommendations in the
centralised  cytotoxic drug prepamtion unit of the

Pharmacy Department of the University Medical Center
Mainz, Germany. Vehicle solutions and container material
were selected in onder to guamntee maximal chemical and
physical stability. Samples were prepared by mjecting the
caloulated amount of each concentrated solution into a
polyolefin bag containing a nominal volume of 50 mL
0.9% NoCl infusion  sohmtion  (Freeflex  Isotonische
Kochsalzltisung  Infusionslfsung, Fresenius  Kabi
Deutschland GmbH, Bad Homburg, Germany; LOT
13GBSI71, LOT 13GGS152) or a polyolefin bag
comtaining 2 nominal  volume of 250 mbL 5%
dextrose/gluicose  solution  (Freeflex  Glucosteril®* 5%
Infusionslfisung , Fresenius Kabi Deutschland GmbH, Bad
Homburg, Germany:; LOT 14GD7107) in onder to achieve
the predetermined  concentrations.  These  final
comcentrations were the lowest ones prescribed by the
physicians in daily clinical pmctice.

Melamhine  imjection  solution  (Atriance®)  was
tmnsferred to an empty infusion bag (MIB300 - EVA
mixing and infusion bag, Hegewald Medizinprodukie
GmbH, (9638 Lichtenberg, Germany: LOT 3GHT1302),
and used without any further dilution. Nab-paclitaxel
(Abmxanc®, Celgene, Minchen, Germany) suspension
wis prepared by adding 20 mb of 0.9% NaCl infusion
solution  (Freeflex  lsotonische  Kochsalzldsung
Infusionslisung, Fresenius Kabi Deutschland GmbH, Bad
Homburg, Gemany:; LOT 14GG7346) to 3 vials each and
7 mL aliquots were withdrawn directly fromthe vials.

Aliquots amounting to 9 mlL  were asseptically
withdmwn in quadruplicate from each sample prepamtion
{except nab-paclitaxel) and transfemred to sterile empty
containers {15 mL centrifuge tubes with screw caps, VWH
Intemational, Radnor PA, USA; LOT 317CE).

Inoculation

Prior to inoculation, cach tube comtaining bacterial or
fungal suspension was camefully homogenised with an
automatic shaker for 2 minutes in order to suspend CFU
adhering to surfaces and to ensume the uniformity of the
suspensions. Subsequently, 1 mL of the suspension was
added to 9 mL of the freshly prepared dmug product to
achieve  concemtrations of  approximately  10¢
microorganisms per ml.. As an exception, 7.0 mL of nab-
paclitanel suspension was inoculated with 0.7 mL of
hacteria or fungal suspension to achieve the target
comeentration of micronTgmisms.

MaCl solution (09%) and 5% dextrose solution {same
brand and batch mumber as the wehicle solution)
inoculated with micmorganisms in the same manner,
served as positive controls. Dextrose solution {5%) served
as 4 positive contmol for the fotemustine {Muphomn®,
Servier) drug prepamtion and was only used in the third
series. The inoculated prepamtions were stored at room
temperature (224C) and protected from light.

Sampling, incubation and analysis

Samples (1 mL) were taken immediatelyand 1,3,5, 24 48
and 144 hours after inoculation. Samples were diluted 1:10
comsecutively three times by using tubes prefilled with
0.9% MaCl solution (MNaCl (phys) 9 ml 2084r-100p,
Heipha Dr. Miiller GmbH: LOT 125309). Finally 0.1 mL
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Table 1. Characleristics of he anbcances drug preparabons noculaled with microomanisma.

Actve drug Brand Manu fachurer LotHo Solution Yehicle Test Phiysion-

substance name uged for solution concentraion | chemical
reconstitu tion [ma‘mL] atability

atroom
temperature

Afercapl Zallrap® Sanod Z2FD03A - 0.9%: Nadl 12 a8h

Arsenic roddde | Trisenox® Teva PLA0ET 301 - oLENall 0,4 24h

Breniussm ab- Adcelgg® Takada ZIRAOT ‘Wailsr for 083 Nall 04 24 h"

wednlin Phamma Injeciion

Cabariaxs Jeviana® Samod IFESAA Emang 13% 083 Nall o7 Zad

Clolarakine Evaitra® Genryme K3003HIT - 0.9% NaCl 007 zad

Eribailin Halaven® Ei=zni 107568 - 0.9%: Nadl T 28d

meclae

F odemustine Muphoran® Hanper 00113 Ethandl 35% 5% [ &h

+waler dexinoss
| jpillim uimialns BrzstioHMyers CC62 1044 - 0.9%: Nadl 13 24 h
Squilty

Nemrabane Arance® | GlaxoSmithidne |  C643808 - - BO0mgt 28d

O alurmumaky Arzerm® | GlaxoSmithilne CEI36ET - 0.9% Nall ao 48 h

Nab-pacitaxsl | Abraxans® Celgens E00014A 083 Nall - 5 mgF &h

Paniurmum ab Weotibix® Amgen 1042168 - 0.9%: Nadl o7 24h

TemaEirolmus Todsar® Plizer AHREAS Emand 0.9%: Nadl ol T2h

Trabectedn Yondeks® Fuanm s ar 13065 Waler for 0LENall 0005 30h

ingecion
& Chnécal Irial malenal; T undiluled leal solulion; Tundiluled ledl suspension; ” relrigerated

aliquots of the maxirmm diluted samples were transterred
totryptic soy agar plates (CAS0-Agar, Croid Deutschland
GmbH; LOT 1406767 ). The plates were incubated for 24
hours at 37°C and the CFU counted. As an exception, the
plates used for culturmg muxtures of temsimlimus test
solution with C.albicans wene incubated for an additional
T2 hours; the CFU were counted after both periods. All
microorganisms recovered were checked to confimm their
identity with the organisms mmitially moculated.

Results

Dretailed results of the viability of the four different strains
in 14 different anticancer drug solutions and control
solutions are given in Tables 2-5_ Viability of the four test
organisms in five different drug solutions {cabazitaxel,
dofarabine, nab-paclitaxel, ofatumumab, trabectiding ame
illustrated in Figare 1.

In most of the anticancer drug solutions, the sclected
strams remained viable over a period of 144 hours after
imoculation. With the exception of nab-paclitaxel and
tmbectedin, the anticancer dmg pmoducts did not have an
impact om the viability of the microorganisms tested . The
number of wvishle counts were species specific and

meflected the prowth in nutient-poor vehicle solotions.
The number of viable strans decressed in solutions
imnoculated  with Y.awrens and  E feecinm, mmamed
unchanged in solutions imoculated with O althicans and
imcreased in solutions inoculated with Pasruginosa.

Trabectedin was the only product generating distimct
and rapid antibacterial activity. Almady 3 hours after
imoculation, & .aurens and E faeciwm had lost viability and
48 hours after moculation Pasruginosa had lost viability.
However, viability of Calhicans was not affected by
tmbectedin( sce Fignne 2.

Growth  of Calbicans  was  retarded  when
temsirolimus-containing  samples were inoculated. No
growth of Calbicans was detected after 24 hours of
imcubation . Growth was obvious after a further 3 days of
imcubation. The results given in Table 5 were obtamed
after 4 days of incubation. The mumber of CFU mmaned
unchanged owver the test period. According to these
findings , temsirolimus affects the growth of Calbicans,
but does not affect the viability of C.albicans .

Growth promotion of the sclected strins was not
significant in monoclonal antibody drug  solutions.
Howrever, nab-paclitaxel suspension supported the gmoath
of the selected bacteria and fungus (see Figure 3).
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Table 2. Vabilty of S.aureus in anticancer drug solutions and contnol s ohulions.

D rug/con trol solution S.aureus (CFU logfmL)
Oh 1h 3h 5h Mh 48 h 4 h

0.9 Nall 396 409 385 3.80 326 230 na.
Adbercepd 407 420 4.06 4.2 4.05 497 496
Breniusdm ab-vednin 4.01 398 4.02 4.13 4.02 4.03 aTe
Nearabana 400 <o) aT7s a7z 320 300 na.
Ofumumaly 403 358 196 4.08 399 390 61
0.9 NaGl 386 407 4.05 3.9 360 340 218
Argened Inoesde 416 4.08 396 3o 366 348 na.
Cabariaxel 413 405 393 .95 390 85 na.
|pilimumaly 4.04 4.06 4.14 4.13 413 399 4.04
Temeanadmus 4.08 412 411 4.08 .04 387 274
0936 NaCl aTa 384 a8z .8 328 260 na.
5% Dexirose 409 405 4.04 4.04 359 426 240
Ciolaratine 396 4.04 are 3.94 333 416 218
Eriulan 387 393 A85 an 346 R ] 240
Fodemustins 406 4.06 398 3.99 356 318 213
Nab-pacitaxsd 4.01 4.04 399 4.056 202 .78 a0z
Paniiumumab 418 405 4.14 4147 397 a82 348
Tirabactedn 336 274 00D 0.00 QoD 00D QLD

Table 3. Wability of Pasruginosa in anbcancer dnug solubons and contnol solulions.

Drugéeontrol solution Paeruginosa (CFU log'mL)

oh 1h 3h Sh M 48 h 44 h
0.9%NaC| 365 310 aa7 am 295 465 615
Afbarcept am 363 aa7 149 523 529 628
Breniusdmal-vedstin ars 3ar aez i 534 618 a1
Nelarabine 348 347 A06 i a0d 431 a6z
O atumumab 168 358 A58 3.30 a8 ad1 as8
0.9%NaC| 367 338 A58 13 a6 424 a04
Arsenic iriadde 350 344 340 am a4 443 625
€ abaritaxel 369 aTe 85 aae 485 s68 a8
I péimiumiak 163 355 68 a7 aod amr 500
Temsirolmus am ags 64 a5 a4 217 SE1
0.9% NaC| ass ars 38T am 420 525 a1z
55 Desdrose 368 353 4.5 354 ais 538 550
Cldlarahine 368 348 3.30 313 aaa 554 619
Erinulin 407 ass 384 aas 4.41 S 18 SE3
Folemusatine 377 361 360 355 .00 285 aoe
N s packitael 169 365 38T 388 6.24 600 723
P anitumum st 364 ars 3.4z a3 azs 429 638
Trabectadin 364 360 344 203 240 Q.00 oo
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Tabled4. iability of E.faecium inanticancer deug solulions and contral solitions.

Drugfoon trol solution E.faecium (CFU logimL)
Oh 1h 3h Sh Mh 4h 144 h

0.9 Mall age 388 i35 3.4 ass 380 234
AllEencapl 383 395 am R 4.31 a86 403
Brenluximab-vedotin 389 4.06 d54 4.04 455 aTe i88
Nedarabans 392 395 a5 4.06 394 402 183
O slurmumaky 388 4.1 i69 ki 308 an 260
093 NaCl 4.09 412 .04 4.6 agz 87 a76
Arsenic inoskde 413 4.07 4.02 4.00 4.0 aa7 i86
Cabaritaxel 395 400 403 4. 347 145 285
|jpaliim wimakh a.02 408 id.08 a4.0r 407 a9 8T
Termsanoimus 4.09 4.01 4.07 4.08 4897 asz am
0.99% NaCl 4,00 4.07 aa7 R 4599 4.01 a7e
5% Dexirose 410 415 405 4.08 380 145 285
Clolarabne 413 410 a02 4.1 4.07 aa7 89
Erifulin 415 410 414 4.00 4.01 a88 AZT
Fodermust e 406 405 402 4.08 4.0 as 145
Mab-pac aned 410 410 i1z 417 235 a0z 493
Panitumum sy 407 406 4.04 4.06 4.09 4.02 333
Trabectadn aT7s 304 [T ] 00D LELE ] [T ] (L]
Table5. Wabiity of C.abicans inanticancer dug solutions and contml solutions.

Dirugfeon trol solution C.albicans (CFU log/mlL)

Oh 1h 3h S5h M h 48 h 144 h

0.99% NaCl 416 4.04 400 4. 10 415 4.74 4.92
AlflEercepl 399 410 ai98 4.0d 4.55 489 484
Braniusim ab-vedntin 4. 4.01 89 a.12 405 96 .39
Nelarabine 337 403 4.05 4.14 478 4.81 4.33
O alurrumaly 403 4104 a7 4.06 4.35 466 454
093 NaCl 419 419 417 4.12 433 433 4.7
Aurssnic irnoodkde 410 410 14 a4.13 .20 L ¥y i B4
Cabazitaxs] 409 417 4.00 4.06 415 4.72 4.85
|jpalim wimiah 419 414 417 4.16 433 464 428
Temsanoimus a4.07 410 id.08 d4.06 41 a1 0l
099 NaCl 4.1 405 4.08 d4.16 423 i34 i 26
5% Dexirose 415 425 4.23 4.7 477 4.30 4.34
Clolarahne 418 410 4.09 4.12 4.53 463 470
Eriflin 410 o104 .14 d4.11 ad a5l na.
Folemustine 413 409 4.14 424 4.53 506 518
Na-pach asel 4.09 424 417 411 4.82 217 636
Fanilurmwm sy .05 412 4.08 423 .80 213 a3
Trabectedin 412 4.01 4.04 4.06 4.66 4.30 511
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—. BUTRUS - cabazitaxel — P asruginosa - cabazitas! e . fechurn - cabazitaxel
— aibiCa TS = cabaitaccel — S aureus - clofarabine — P aerugino sa - clofarabine
m—E faecium - cofarabine . albicans - clofarabine — S AUTEUE - nab-placitarel
—E BETUGII0SE - NAb-paciitaes] e @@L - Mab-Faclitane! e (G MbiCANS - nab-paciitacel
G aureus - ofatumurnab s P ggruginess - ofaturmumab s E faacium - ofstumumab
. albicans - ofatumumab 5 aureus - trabectidin Fasruging sa - rabectidin
E faecium - trabeciidin . - CLalbicans - trabectidin
BT
|
74
|
5
|
r ] |
§ |
=1 d 1
|
E 1|
(L] 5 4
2
|
11
|
| .
[ T : | ‘ —

oh 1h ih 2h i4h 48h 144h
Time perbod after ineculation

Figure 1. Viabdly of the four lesl organsms in diluled solulions of cabaritael, ciolarabine, nab-pacitaxel, olatumumal and trabectidn
e ad 88 examples.

gl A= =TT == Faghgindse e E TRECTUEN b ( AINANS
7
G
5 /,”"K
1 e—

CFU [Log/mL)

Z —~
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bty i W

Time period after inoculation

Figure 2. Aability of lesl microonganisms in rabecledn prepamtions 00005 mgénL and 0.9% NaCl vehicie soluon.

30



VIAREITY OF MICROPRGANSMS IV MOVEL CHEMM AL AND BIOPHARMAC EUTICAL ANTICAMCER DRI SOLUTIONS 11

=5 Sueus =l F aaruginoss

w—lpe £ f3ECium —— " glhicans

CFU (LogimL)

(¥}

0k 1h 3h

Time period after inoculation

&h 24k dih 144h

Figure 3. Viabdlity of lesl mecroonganisms in nab-pacitaxe] sus pension (5 mgénLL

Discussion

Consistent with the msults of the previous studies™,
microorganisms retained wviability in anticancer dmug
preparations and proliferated when transfemred to proper
growth media. Viability patterns of the microorganisms in
the control solutions reflected the known viability of the
selected species in nutrent-poor solutions over the test
perind. Howewver, the experiments were designed to
provide optimal conditions for the wvishility of
microorganisms  and  worst  conditions  for  the
antimicrobial activity of the drug preparations.

The lowest drug concentrations used in climical
practice were chosen and moculabed test solutions wen:
stored at 22°C. The lack of antimicrobial activity may,
therefore, be camsed by concentmtions lower than the
rmunimal inhi bitory concentrations. Because dilution 1= not
meommended by the mamufacturer, nelarabine and nab-
paclitaxel were inoculated without further dilution.
[espite the high concentmtions, nelambine did not restrict
the vighility of microorganisms and nab-paclitaxel even
promoted the viability of bacteria.

Regardless of the physicochemical stability of the dmg
solutions, samples were withdrawn up to 5 days after
inoculation. According to the summaries of product
chamcteristics and known literature, physicochemical
stability of aflibercept®, fotemustine’ and nab-paclitaxel™
i limited to & hours & mom temperasture. Arsenic
moxide", brentuximab-vedotin'®,  ipilimumab”  and
panitumumab ™ are mported to be physicochemically
stable owver 24 hours and trabectidin®® over 30 hours at
mom  temperature.  Shelf-lives of ofsumumab' and

temsirolimus!? are also shorter than 5 days when stored at
mom temperature: (see Table 1), Therefore, viability of the
microorgmisms can be related to the parent drug
substanoe andfor degradation products.

Trahectedin binds to the minor gmove of DNA thereby
affecting seveml transcription factoms, DMA  binding
proteins and DMA repair pathways. The msulting cell
cycle perturbation causes in vivo anti prolifemtive activity
against a range of human tumour cell lines', To the best of
our knowledge, this is the fimt report about the
hactericidal activity of trabectedin. This finding should be
leptin mind when sterility tests are evaluated, because of
the chance of false-negative results. The spectmm of
antibacterial activity was not in the scope of our tests and
it emains to be determined whether the antibacterial
activity is general.

In accordance with previously reported results*, the
antihody drug solutions exhibited neither antibacterial nor
antifungal activity and did not encourage the reproduction
of the micoorganisms. So far, it is obvious that the
microorgmisms selected for inoculation are not able to
use antibody-containing preparations as a mutrient source.
‘The micmbial growth potential of antibody-containing
preparations is similar to that of chemical substance-
Ccontaining preparations.

The growth-supporting  activity of nab-paclitanel
suspension must be related to the human serum albumin-
containing nanoparticles. The medicinal product contains
100 mg paclitaxel and 800 mg albumin as Iyophilised
powder which is reconstitnted with 20 mL of 09% NaCl
solution™. The resulting suspension contains 5 mg
paclitaxel and 4% albumin. The growth-promoting activity
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of human albumin (final concentration 1 25%) admixed to
0.9% NaCl solution or total parenterl] nutrition solu tions is
well-known™. The st procedure, inoculated strains and
mesults ame similar to those eported here. Moreover, there
is an article describing Enterobacrer cloacae bloodstream
infections that had been tmced to comtaminated human
albumin harbouring incracks in the vials*.

It is the responsibility of the pharmacst to assign
expiry dates to the prepared meady-to-use parenteral
products. Physicochemical a5 well microbiological
stability should be taken into account when the expiry
dates are determined. According to our written policies,
expiry dates are limited to 72 hours (storage at 2-8°C or
mom temperature) as long as physicochemical stability of
the preparstions is pmowven over this  period. I
physicochemical stability 1= not proven within this
imterval, the expiry dates are assigned according to the
kmown physicochemical stability. Whenever possible, the
preparations  should be kept refrigerated m order to
diminish microbial instability.

Conclusions

Most of the novel anticancer dmg products tested showed
neither  growth-retarding  nor  growth-supporting
propertics. Therefore, in pharmacy depanments the
solutions for parenteral administration should be prepared
under strict aseptic conditions, and appropriate quality
msrance programs should be established in order to
guarantes the sterility of drug prepamtions. Except for
tmbectedin, end-product  sterility  testing may  be
performed withowt further dilution or inactivation. The
lack of antibacterial and antifungal propertics should be
considered when sssigning extended expiry dates to
mady-to-use  solutions of most antneoplastic dgs.
Attention should be paid to the vulnerability of albumin-
comtaining nab-paclitaxe] suspensions to mMicmorganism
profiferation. All ready-to-use prepamtions should be kept
refrigemted whenever possible to inhibit the gmwth of
Yy COMtAminating OTganism.
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Abstract

Background: Numerous ready-to-use parenteral solutions
are aseptically prepared in pharmacy-based aseptic pre-
paation units. Microbiological stability of the prepaga-
tions is influenced by the cleanroom environment, the
complexity of the aseptic process, conditions duting
aldministration and the microbiclogical vulnerability of
the products,

Object: The aim of the study was to evaluate the ability of
four different pathogens melated to hospital infections to
grow In ready-to-use, noncytotoxle paenteral products
aseptically prepared in hospital pharmacies,

Method: In four consecutive sedes the antimicroblal actbeity
of the following products was tested: caspofungin 35 mg
or 70 mg in 250 mL 0.9% NaCl solution (NS), micafungin
0.5 mg/mL in NS, vancomycin 5 mg/mL in G5/G10, heparin-
sodium 1 [E/mL in NS, epinephrine 0,02 mg/mL in G5,
nowepinephrine 0,01 mg'mL in G5, phenylephrine 0.1 mgf
mL, KCl solution 0.8 mmol/mL, trace elements 1:1 in G5/
G10, midazolam 1 me/mL injection solution, tranexamic
acid 100 mg'mL injection solution, 50% glucose solution,
SMOFlipid 20 % lipid emulsion, 19 propofol injection.
Nine milliliter aliquots of each test solution were inoculated
with 1 mL suspension of selected steains, i.e. S, aureus,
P. geruginosa, E. faecium of C. allicans, Samples of the
inoculated solutions wese taken in predefined intervals up
to 14 hand transferred to tryptic soy agar plates. The plates
were incubated at 37°C and colony forming units (CFUs)
counted after 24 h for bacterla and after 72 h in the case of
. albicans,

Results: Most of the tested preparations induced no
growth inhibition of the tested organisms. The selected
strains lost viability in preparations containing vancomycin,

*Corresponding author: Iman Sarakbl, Department of Pharmacy,
University Medical Center Mainz, Johannes Gutenberg-Unhersity,
Langenbeckstratie 1, 55131 Mainz, Germany,

E-mail: sarakbi 2007 @yahoo. com

Rita Heeb, Judith Thiesen, Irene Krdmer, Department of Pharmacy,
University Medical Center Mainz, lohannes Gutenberg-University,
Langenbeckstratie 1, 55131 Mainz, Germany

phenylephrine or midazolam after a period of a few hours or
days. Glucose 50% w/v solution generated antimicrobial
activity against P. aeruginosa and C. albicarns immediately
after inoculation, In tranexamic ackd solutions only P. gaen-
ginosa lost viability after 48 h of inoculation. In the lipid
mntaining emulsions, CFUs increased rapidly. Low pH
values and high osmolality are probably the mason for
growth inhibition in midazolam and 50 % glucose solutions,
wespectively. The antimicrobial activity of phenylephrine
solutions is caused by the excipient sodium metabisulfite,
Conclusion: The lack of antimicroblal properties of meady-
to-use, non-cytotoxic solutions should be considered
while determining the shell-life of the products. Ready-
to-use preparations should be kept efrigerated whenever
possible to inhibit the multiplication of any contaminat-
ing organism.

Keywords: growth, micworganism, non-cytotoxic pre-
parations, viability

Introduction

Today in most German hospitals various ready-1o-use of
ready-to-administer parenteral products are prepared in
the hospital pharmacy departments. The portfolio of pro-
ducts encompasses cytotoxic as well as non-cytotoxic
preparations. Typical non-cytotoxic product types are
parenteral nutrition solutions, electrolytes, emergency
drugs, analgesics, antiblotics, and antifungals. But the
pharmacy based preparation service s never all-encom-
passing and a lot of preparations are still to be reconsti-
tuted in clinical areas. The quality-assured aseptic
processing within pharmacies is performed following
national (e. g Apothekenbetriebsordnung [1], ADKA
Guideline [2]) and international regulations and guide-
lines (PIC/S PE 010-3 (3], Ph.Eur.7.7 Monograph
Pharmaceutical Prepamtions [4], Council of Europe
Resolution CM/ResAP (201101 [5], USP Monograph <797
Pharmaceutical Compounding - Sterile Preparations [6]).
By pharmacy-based aseptic processing inwell control led
environments and quality assurance driven procedures
the risk of preparation errors and microbial contamina-
tion is considerably reduced. Sterility tests of extempor-
aneously and batchwise pre pared products are limited by
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singularity of each preparation and time resteins,
However the resulis of sterlity tests, media flls, and envir-
onmetal montoring programs are useful for process vali-
dation. Preparation in uncontrolled environments such as
clinical areasis associated with a higher potential for micro-
biological contamination and an increased risk of systemic
infection after administration. For the individual product
types different Bactors influencing the risk of microbial con-
tamination and infection are discussed. The specific factors
are complexity of the preparation, time between peepara-
tion and administration, extended petiods of administra-
ton, elevated temperatures during administration by
infusers and other ambulatory devices and last not least
the growth potential of the preparation. Multiple additions
of multiple components, mixing of lamge wolumes and
growth promoting qualities of the mixed components
increase the dsk of microbilal contami nation of the prepara-
tlons and the risk of infection for the patients. If prepara-
tlons are contaminated with micrmorganisms, viability and
giovwih of the specific microorganisms in the specific pre-
parations determine the infection risk for the patient.
Previously we investigated the growth of microorganksms
inantineoplastic diug preparations and found out that most
preparations lack antimicrobial properties and monoclonal
antibody prepations do not stimulate the growth of miceo-
omganisms [7-11]. From the literatuoe it is known, that lipid
emulsions support bactedal and fungal growth and bear an
increased sk for fatrogende infections [12-20]. Spedes-spe-
cific growth inhibition is reported for heparin 100 U/mL [21],
midazolam [22] and local anaesthe tics [23]. Recently the lack
of growth inhibition of some vasopressor infusion solutions
was published [24]. For a number of parenteral products
prepared in our central intravenous additive service infor-
mation about growth promotion or inhibition is missing.
Moreover tests are done under different expedmental
conditions amnd extzapolation of the mesilts is hardly possi-
ble. Therefore the aim of the study was to evaluate the
ability of four different pathogens related to hospital infec-
tions (Staphylococcus aureus, Pseudomongs aeruginosd,
Enterococcus faecium, Candida albicans) to grow in 17
resdy-to-use solutions typically peepared in the ase ptic pre-
paration unit of the Pharmacy Department of the Univesity
Medical Center Malinz, The chosen test conditions promoted
the growth of germs and simulated daily practice.

Material and methods

The wviability of the selected microbes was tested by
inoculation of 17 non-cytotoxic ready-to-use aseplic
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preparations belonging to the portfolio of the pharmacy
based aseptic preparation service. The experi ments were
carried out in four consecutive serles. In the first serles
the antimicrobial activity of caspofungin 35 mg or 70 mg
in 250 mL 0.9% NaCl solution (NS), micafungin 50 mg
in 100 mL 0.9% NS, heparin sodium 1 IE/mL in N5 and
0% wiv glucose solution was tested. In the second
series adrenaline (epinephrine) 0,02 mg/mL in G5, nor-
adrenaline (norepinephrine) 0.01 mg/mL in G5, trace
elements in G5 1:1, and vancomycin 5 mg/mL in G5
were examined. In the third serles trace elements 1:1 in
G10, midazolaml mg/mL, lipid emulsion 200 mg/mL
and vancomycin 5 mg/mL in G0 were inspected. In
the fourth series phenylephrine 0.1 mg/mL, 0.8 mmol/
mL potassium chloride solution, 1% propofol injection
emulsion, and tranexamic acid injection solution
100 mg/mL was tested. Details about the material used
and characteristics of the test solufions are given in
Table 1.

Pire vehdcle solutions (0.9 % NaCl solution infusion
solution 100 mL (Free Flex [sotonische KochsalzLisung
MaCl 0.9, Fresenius Kabi, lot 13HLS251, expiration date
10/2016), glucose 5% infusion solution and glucose
0% infusion solution prepared from glucose 70%
(Glucose 70 %, 500 mL, B Braun, lot 144238062), water
for injection (Ampuwa® 1,000 mL, Fresenius Kabd, lot
14H129, expiration dated9/2017)) were used as control
solutions.

Preparation of inocula

The microorganisms used in this study were Staphylococass
aureys ATCC strain 6538, Pseudomonas aeruginosa ATCC
steain 15642, Enferococcus foecium ATCOC straln 6057, and
Candida allicans ATCC strain 102531, The steains were culti-
vated at the Institute of Medical Microblology and Hyglene
of the Univesity Medical Center Mainz, Germany and cul-
tured on agar plates (BD Trypticase™ Soy Agar, BD
Medical, Heidelberg, Germany, Lot 5019173, expiration
date 12/06,/2015) at 37 °C for 24 h in the case of bacteria. C.
alsicans was cultured for 72 h at 37 °C, The cul tures were
collected and suspended in 0.9 % NaCl solution. After that
the density of bacterial suspensions was ad usted by using
McFadand standards (0.5 for 5 aureus and E. faecium, 0.2
for P. aeruginosa and 2.5 for C. albicans) to obtain suspen-
stons of approximately 10% CFUs per milliliter. To achieve
suspensions with a density of 10° CFU/mL, the suspensions
were diluted with 0.9% sodium chloride solution.
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Preparation of samples and
analysis

The tested product solutions were aseptically prepared in
the pharmacy based centralized aseptic prepamtion unit
at the University Medical Center Mainz, Germany in a
cleanroom  environment following Good Prepamtion
Practice Guidelines, Physical and chemical stability of
the preparations s proven for at least 5 days (see
Table 1). Nine milliliters of each freshly prepared test
solution were aseptically transfemed in quadruplicate to
a stedle empty 15 mL centdfuge tube with screw cap
(VWE International Randor PA, USA, Lot No-BZ7CB-270)
and inoculated with 1 mL suspension of bacteria or fun-
gus (5. aureus, P. aeruginosa, E. foecium, C. albicans) to
achieve a concentration of 10° CFU/mL. The Inoculated
test solutions were stored at 22°C. An aliquot of one mL
was withdrawn immediately and at predetemmined time
intervals (1, 3, 5, 24, 48, and 144 h) and diluted 1:10 three
times by using tubes prefilled with 0.9 % MaCl solution
(MaCl (phys.) 9 mL 2084r-100p, Heipha Dr. Miller GmbH,
lot 125309, expiration date 16/10/2004 or lot 129336,
expiration date 02/08/2015). From each degree of dilu-
thor, 0.1 mL aliquots were withdeawn and transferred to
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tryptic soy agar plates (BD Trypticase™ Soy Agar, BD
Medical, Heldelberg, Gemnany, lot 5019173, expiration
date 13/0:4/2015, and BD BEL™ Stacker ™ FPlates,
lot S027214, expiraton datel9/0s8/2015) in duplicate
{n =) The plates were incubated at 37 °C and the colony
forming units counted after 24 h of incubation for bac-
teria and 72 h for C. albicans, The & results counted for
each species and time interval were checked for plausi-
bility. A representative value was selected and given as
CFU log/mL in table format. For each combination of the
17 aseptically prepared products and the 4 different
mlcroorganisms the growth curve was constiicted by
plotting the number of CFUs per milliliter (expressed as
logarithm) against the tme interval post inoculation.

Results

Most of the tested aseptic preparations affected the grvwth
of the test omganisms in the same manner as the control
solutions (water for injection, NS, G5, G10). The number of
CFUs remained unchanged (E faecium, O alvicans),
decreased (S, mureus) o increased (P geruginosa) over a
period of five days (see Tables 2-5),

Table 2: Viability of 5. awreus in non-cytotoxic drug preparations and control solutions,

Drug/control selution

5 awrens [CFU log /mL)

oh 1h 3h 5h 24 h 48 h 148 h
Caspofungin 35 mg In 250 mL 0.9 %Nacl 1B 308 230 0 0 0 o
Caspofungin 70 mg in 250 mL 0.9 %Nacl 367 200 0 0 0 o o
Glucose infusion solution 50% wiv 168 343 361 167 3.69 31.56 1]
Heparin Sodium EXT 3.60 EX 3.55 3.40 185 1]
Micafungin 362 X 370 3.68 3.76 3.65 324
0.9% NaCl infusion solution 3.59 3.59 LT4 3.52 3.54 1,18 [i]
Adrenaline 362 342 .41 313 160 240 ]
Noradrenaline 151 3147 3137 1.06 165 130 i}
Vancomycin in G5 o o o o o 0 o
Trace elements:G5 1:1 374 EX Y 354 341 334 1.BB o
Glucose infusion solution 5% w /v 343 339 335 3.2 2.81 2.60 [i]
Trace elements:G10 1:1 374 368 368 3.58 333 311 [i]
Vancemycin in G10 o o o o 1] 0 o
SMOFllpl demuls ion 3.B0 kR 3.85 4,02 687 mC. nc.
Midazolam 381 378 351 3.37 2,60 ] [i]
Glucose infusion solution 10% w /v 361 3.60 354 3.43 330 288 [i]
KCl 40 mmol 50 mL 31.B0 3.69 368 364 353 E% 2.54
Phenylephrine 359 336 [i] 1] ] [i] [i]
Propofol 3.B6 3.86 .85 4,04 580 6B nc.
Tranexamic acid 3163 3165 1.54 154 148 148 3.50
Water for injection 385 378 3.76 3.75 3.60 354 3.00

Hote: n. ¢ =more than countable.
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Table 3: Viability of P. gerwginesa in non-cytotoxic drug preparations and control solutions,

Drug/control solutlon P oeruginesa (CFU logfmL)

oh 1h 3h 5h 24 h 48 h 14 h
Caspofungin 35 mg in 250 mL 0.9 %NaCl 348 Ed] 3.00 1EE 138 352 567
Caspofungin 70 mg in 250 mL 0.9 %NaCl 1.51 130 148 118 170 1ED 460
Glucose infuslon solutien 50% w v 345 316 LT0 1E5 o ] o
Heparin Soed wm 348 340 3.30 342 #4.54 [ 7. 1B
Micafungin 3.37 311 3.00 319 437 57E 627
0.9% NaCl infusien solutien 3.40 306 J.08 310 365 527 607
Adrenaline 3.41 3.00 298 293 437 553 605
Noradrenaline 3.11 311 195 1LTE 4,25 H.62 675
Vancomycin in G5 3.05 168 o o o ] o
Trace elements:G5 1:1 345 X 340 176 5.59 nc. nc
Glucose infusion solution 5% wiv 318 304 LES 154 519 5432 575
Trace elements:G10 1:1 370 138 3.32 319 B6T nc. nc
Vancomycin in G10 3.9 300 154 150 o ] o
SM OFli pl dem uls lon 31.58 3135 3148 154 668 nc. nc
Midazolam 3.54 L1} L1} L1} L1} (1] L1}
Glucose infuslon solutien 10% w v 342 3130 3.10 1E5 70 I4E 545
KOl 40 mmal /50 mL 3.41 340 3.39 339 323 302 298
Fhenylep hrine 31.36 198 o o o ] o
Propofol 378 3.54 3.26 39 373 671 n.C.
Tranexamic acid 3.30 3130 308 1E1 1TE ] o
‘Water for injection 3.30 324 337 327 4,10 418 8.7

Maobe: noo=mare than countable.

Table 4: Viability of E. foecivm in non-cytotoxic drug preparations and con trol solutions,

Drug/control solut lon E foecivm (CFU log/mL)

oh 1h 3h 5h 24 h 48 h 144 h
Caspofungin 35 mg in 250 mL 0.9 %NaCl 3.00 ] ] ] ] i} ]
Caspofungin 70 mg in 250 mL 0.9 %NaCl 3119 ] ] ] ] i} ]
Glucose infusion solution 50% w v 3404 130 1.59 157 138 302 193
Heparin Sod iwm .44 399 3.99 365 3.59 161 3.7
Micafungin 3.72 361 3.72 365 372 341 331
0.9% NaCl infusion solution 3.60 3.60 3.53 31.54 365 362 365
Adrenaline 1.78 165 167 360 36T 160 3.43
Horadrenaline 3.59 360 3.60 170 165 3153 157
Vancomycin in G5 0 ] ] ] ] o ]
Trace elements55 111 31.60 365 173 181 157 157 3.51
Glucose infusion solution 5% wiv 179 76 170 166 362 194 393
Trace elements:G10 1:1 137 365 .68 366 167 154 354
Vancomycin in G10 0 ] ] ] ] o ]
SM OFli pl demwls lon 176 184 3198 406 670 nc. nc
Midazolam 165 3.60 .40 333 Li] 1] Li]
Glucose infusion solution 10% w v 364 159 169 156 168 169 3.02
KCl 80 mmal /50 mL 3.50 338 .44 1.54 341 I48 .46
Phenylep hrine .41 345 3130 3128 ] o ]
Propofol .60 370 J.64 381 616 a0z 618
Tranexamic acid 167 166 1.53 151 EX. T 172 174
‘Water for injection 3.51 154 3.59 360 3BT 156 351

Hole: .= mare than countable.
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Table 5 Viability of C aflbicans in non-cytotoxic drug preparations and control solutions.

Drug/control selution

C. albicans {CFU log /mL)

oh 1h 3h 5h 24 h 48 h 164 h
Caspofungin 35 mg in 250 mL 0.9 %:NaCl 230 1] L] 1] 1] [i] ]
Caspofungin 70 mg in 250 mL 0.9 %NaCl o ] o ] ] o o
Glucose infusion solution 50% wiv 190 ] o ] ] 1] 1]
Heparin Sodium 273 2.50 235 130 160 .60 362
Micafungin o ] o ] ] 1] 1]
0.9% Nacl infusion solution 3.08 248 260 .60 1E5 308 372
Adrenaline 93 3.00 318 .40 413 444 449
Noradrenaline 280 3.0 i3 345 .01 8,27 4,65
Vancomycin in G5 311 302 165 200 o o o
Trace elements:G5 1:1 306 330 3.2E 3.40 445 4.81 5.06
Glucose infusion solution 5% wiv 310 310 312 339 390 3.88 3.92
Trace elementsG10 1:1 31 314 315 337 LR 4,72 4.97
Vancomycin in G10 315 110 3.00 198 170 1,52 o
SMOFlipldemulsion 3.04 3.20 3.40 539 5.43 L. nc.
Midazolam 3.04 302 ] ] ] ] ]
Glucose infusion solution 10% w v 341 136 3.9 3137 Nt 380 398
KCI &0 mmol f50 mL 3.0 3.16 312 3.08 3.08 304 4.43
Phenylephrine i 300 o o o o o
Propofel 306 330 33 365 488 5.54 5.95
Tranexamic acid 333 39 in 330 380 4,30 5.16
Water for Injection 319 315 116 118 3T i7e ]

Note: n. oo =more than countable.

These results reflect the species-specific capability of the
microorganisms to survive and grow in nutrient-deficient
solutions. However, the tested microorganisms lost viabi-
lity in preparations containing vancomyein, phenylephr-
ime, and midazolam after a period of a few hours or few
days (see Figures 1 and 2),

C. albicans rapidly lost viability in caspolungin amnd
micafungin containing test solutions (see Figure 3).
Thereby the proven antimicrobial activity of vancomycin
and the echinocandins, which are used as an antibiotic
and antifungals, respectively, confirmed the validity of
the experimental design and the results.

Species-spediic antibacterial activity was observed in
tranexamic acid solutions, Only P. geruginosa lost viability
48 h post inoculation, while the other strains tested
remained viable. Glucose 50 9% w)/'v solution also generated
spedes-specific antbacterial activity against P. geruginosa.
Antifungal activity of glucose 50 % against C. albicans got
already obwvious 1 hour post inoculation. Caspofungin and
micafungin exhibited strong antifungal actvity as
expectsd. Noteworthy, caspofungin containing test solu-
thons in both concen trations exhbited antibacterial acivity
against S aureus and E. faedum. Viability of P. geruginosa
was nol affected (see Figure 3), Momover, micalungin did

not inhibit bacterial growth, In some of the test solutions
C. albcans tends to grow (compare Table 5),

The lipid containing formulation of 1% propofol
emulsion and the 20% SMOFlipid emulsion served as
nutritive media for all selected microomganisms and the
mumber of CFUs increased rapidly (see Figure 4).

Trace elements mixed with G5 o G10 stimulated the
growth of P. aeruginosa and C alkbicans, but had no
influence on the growth of the tested Grampositive bac-
teria (see Tables 2-5),

Discussion

Viability amd growth of microorganisms in pharmaceuti-
cal preparations s directed by extrinsic (e g. lempera-
tumwe, oxygen) and intrinsic factors (e g type and
concentration of ingredients). It is well known that
refrigeration retards the growth of microorganisms, The
experiments were performed to Increase our knowledge
about the intdnsic Bactors of ready-to-use parenteral pre-
parations compounded in the phamacy department
except the drugs used in anticancer therapy. The portfo-
lio of products encompasses different indications, e. g.
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Figure 1: Viability of selected microor-
ganisms (A: 5. gureus; B: P. geruginosa;

Oh 1h 3h Sh 24h 48 h1d4dh
Time Perlesd after moculation
Midazolam

parenteral nufrition, catecholamines, antblotics, anti-
fungals, ansesthesia and the use in different patient
gioups (pacdiatric patents, intensive care patients, opet-
ating theatre patients). These preparations contain dif-
ferent active substances and excipients amnd have
different physicochemical characteristics. The experi-
mental conditions of the intrinsic factors were chosen
accarding to clinical practice. All preparations contained
liquid water and some of them contalned nutrient
sources, minerals or trace elements. The extrinsic factors
were the same throughout the study. As a ressonable
compromise of typical temperature conditions in clinical
practice and optimum growth temperature for patho-
genie bacteria (37°C) the experiments were caried out
al room temperature (22°C). The inoculum size was kept
unchanged and simulated low level contamination. The
experiments were performed in duplicate for each ready-
to-use preparation at each tme interval. Each sample
was tested in three degrees of dilution (in total & exper-
ments). This allows the detection of the influence of the
CFU concentration and of process errors. Because these

Oh 1h 3k 5h 24h 48k 144k
Time Perlad after Inoculatlon
Glucose 5%

% C: E. foecium D: C albicans) in vanco-
mycin or midazolam containing test
solutions and Glucose 5% as control
splution. CFU =colony forming wnfts,

are biological experiments, not the average but a repre-
sentative value was chosen to be presented as result.

The growth inhibition detected in some prepagtions
is not related to the active substance, but to the physico-
chemical parameters such as pH and osmaolality.
Bactedal growth is inhibited by low pH, while the opti-
mum pH for the growth of most fungl is pH 5 Therefore,
low pH values are most probably the reason for growth
inhibition in midazolam injection solutions [20, 24, The
pH wvalues of diluted vancomycin infusion solutions
amount to pH 3-5, That might be the reason for the
growth inhibition of P. aeruginosa and C. allicans recog-
mized in our experiments.

The phenylephrine injection preparation (pH 5) con-
tains citric acid and sodium metabisul ite. The compara-
tively high concentration of sodium metabisulfite (2 mg/
mL) reduces the redox potential of the phenylephrine
preparations, what may explain the observed antimicro-
bial activity. This assumption 1s confirmed by the [act
that inhibition of microbial growth did not occur in the
adrenaline and noradeenaline comtaining prepamtions
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Figure 2: Viability of the four test organ-
lsms (A: 5. aureus; B: P. gensginosa; C
E. foecium; D: £ albicans) in diluted
splutions of adrenaline, noradrenaline,

—=—D

oh 1h 3h Sh 2ah4sh 144 h
Time Perlod after Inoculadon
Phenylephrine

comntaining small amounts of sodium metabisulfite (0,072
mg/mL). Similar findings were reported by Bostan et al,
[24]. Among the tested catecholamine preparations only
dobutamine preparations showed antimicroblal actviry
because of high sodium metabisulfite concentrations
compated 1o adrenaline and norad renaline preparations
[24]. Motably, the stimulation of bacterial growth by cate-
cholamines [25, 26] s eliminated by the antioxidative
excipients in the medicinal products. High osmolality is
also known to inhibit microbial growth what explains the
antimicrobial of glucose 509% preparations [13, Z).
Antifungal activity of glucose 50% against C. albicans
got alresdy obvious 1 hour post inoculation and 18 coim-
monly known.,

To our knowledge there is no information available
about the antimicrobial activity of tranexamic acid con-
taining preparations. The fact that growth inhibition was
only given for P. aeruginosa suggests that the activity is
substance specific.

According to the studies of Rosett et al. the antimi-
crobial activity of heparin is a result of the reduction of

oh 1h 2h sh 2ah'szh'14ah
Time period after Inoculation
0.9% MaCl

and phenylephrine and 0.9% NaCl solu-
tion as control solution. CFU =colony
forming wnits.

divalent cations from the growth media [21]. The lack of
antimicrobial activity of the heparin 1 [E/mL containing
preparations s to be explained by the low hepadn con-
centration and the experimental conditons uvsed.
Obwvioisly the low amount of heparin in our preparations
was insuficdent to bind the cations essential for bacterial
growth, Dudng in vive experiments also high concentea-
tions of heparin sodium lacked antibacterial activity
against 5. aureus [28]. The same explanation is applicable
for the missing antimicrobdal activity of the 0.8 maolar
potassium chloride preparations. Different concentrations
and expedmental designs lead to inconsistent resulis
[29, 30

Fat emulsions like 1% propolol injection and 20%
lipid emulsion are known 1o semve a8 growth medium for
a number of microorganisms and as origin of blood-
stream infections [31, 32]. The lack of antimicrobial active
ity is related to the high value of pH (7-8.5) and the high
lipid content serving as nutdent source. Fat emulsion
serves as an excellent non-nitrogen energy source for a
number of microorganisms, including bacteria and fungl.
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When microbial growth in fve different commercially
available lipid emulsions was tested no difference in
giowth patterns diue to the nature of the oll or its con-
centration was observed [33]. SMOFlipid 20% consists of
fish oll, soybean oll, medium chain triglycerides, and

oh

Ih 3h 5h 24h 48h 134 h
Time perlod after Inoculation

Caspofungin 35 mg In 250 ml 0.9%NaClwh

B-
7
G-
5.

F-:.:“'T__."':"_- —=-B
}d-.___”__“_ H —i—C

T T T T T
ah 1P 3ap Sh 24n 48h 144h

Time perlod after Inooulation
Micafungin

CFU [logf miL]

Oh IR 3R Sh 24h 48K 144N
Time Perld after Inoculatlion

Propofol

']

CFU {logfmL)

0-
ah

I Sarakbi et al: Viability of Selected Microorganisms = 9

1h
Time perlod after Inoculation

Caspofungin 70mg In 250 mil 0.9%MaCl

Oh  ih  3h  Sh  24h
Time peﬂﬂd aftar Inoculatlon
SMOF llpldemulsion

42

ih S5h 2dh 48h 144 h

Flgure 3: Viability of the four test organ-
lsms {A: 5 gwreus; B: P geruginoss; C:
E foecium; D: C albicans) in diluted
solutions of caspofungin and micafun-
gin. CFU = colony forming units.

Flgure &: Viability of the four test organ-
Isms (A: 5 gwreus; B: P. geruginosa; C:
E. faecium; D: C albicans) in lipld con-
taining selutions, L e. propofol 1% and
SMOFlipld 20 % emulsion. CFU= colony
forming wnits.

olive oil and supported the growth of the selected bac-
teria and yeast in a similar manner. In both settings the
number of CFUs rapidly increased to = 10% over a perlod
of less than 24 h after inoculation. Pure fat emulsions
and lpld containing total parenteral nutdton solutlons
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ate the most vilnerable preparations and should always
b prepared under strict aseptic conditions and should
ot be stored o infused more than 12 h after preparation
[33, 7).

The species-specific growth promoting activity of the
trace elements mixed with glucose solutions is not yet
reported in the literature, But plausibility is glven as
P, aeruginosa and C. albicans grow in nutrient defi clent
solutions and microorganisms require also trace elements
for their growth [34].

Conclusion

Az most of the tested parenteral preparations did not
generate antimicrobial activity, preparation should be
dome under strict sseptic conditions n order to avaold
any microbial contamination. Furthemmore the insuffi-
clent antimicroblal properties of ready-to-use solutions
should be considered while determining the shelf-life of
the products. Lipid contalning prepamtions should be
kept mefrigerated whenever possible to inhibit the multi-
plication of any contaminating organism.
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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 APl 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 APl 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, B-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 APl 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 APl 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 APl 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 daffecting 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 APl and its physiologi-

cal availability in the target tissue (47). Moreover, pH has an influence on the rate of degra-

49



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.

50



54. Stability Testing

The main purpose of the stability testing is to identify the quality and integrity of APl 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 APl and

FPP.

According to the ICH and WHO guidelines, the world is categorized into four climatic zones
(I-1V) 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

Il Subtropical and Mediter- | 25 °C, 60% RH
ranean

1] Hot, dry climate 30 °C, 35% RH

IVa Hot, humid climate 30 °C, 65% RH

IVb Hot, very humid climate 75 °C, 75% RH

The ICH guidelines are vaiid in the climatic zone | and Il (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)

Qic 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)

QlF 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 APl 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 APl 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 APl 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 Stability testing methods

storage condi- Long term Accelerated Intermediate

tions

Ambient tem- 25°C+2°C/60% RH+5% | 40 °C +2°C/ 75% 30°C+2°C/65%

perature or RH%5% RH+5%

30 °C £ 2°C/ 65% RH+5% or

No Intermediate
stability testing

Refrigerated 5°C+3°C 25°C+2°C/ 60% No chance for In-

RH%5% termediate stability

testing

Frozen -20°Ct5°C No chance for accel- | No chance for In-

erated stability test-
ing

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.

53




6 Die STABIL- LISTE® 7. Auflage 2015
Physikalisch-chemische Stabilitédt, Kompatibilitét und Inkompatibili-
tdt parenteral applizierbarer Zytostatika, Virustatika und Suppor-

tivtherapeutika

Judith Thiesen, PhD, Iman Sarakbi, Pharm D, Irene Kramer, PhD

Submitted manuscript (under review)

54



Die STABIL- LISTE® 7. Auflage 2015
Physikalisch-chemische Stabilitat, Kompatibilitdt und Inkompatibilitdt parenteral ap-

plizierbarer Zytostatika, Virustatika und Supportivtherapeutika

Judith Thiesen, Iman Sarakbi und Irene Kréamer

Apotheke der Universitdtsmedizin Mainz

Einleitung

Die zentrale Herstellung applikationsfertiger Zytostatikalésungen in der Apotheke
erfolgt oftmals nicht unmittelbar vor der Anwendung, sondern im Voraus, z.B. fur die
Versorgung am Wochenende. Zur Sicherstellung der erforderlichen Qualitét der zu-
bereiteten Infusions- oder Injektionslésungen bendtigt der verantwortliche Apotheker
daher Daten zu deren physikalisch-chemischen Stabilitédt. Ebenso kann das Weiter-
verwenden von Anbriichen der zur Zubereitung eingesetzten konzentrierten Stamm-
I6sungen nur bei Vorliegen entsprechender Stabilitatsdaten erfolgen. Die in den Pa-
ckungsbeilagen oder Fachinformationen der Zytostatika-Fertigarzneimittel angege-
benen Aufbrauchsfristen von maximal 24 Stunden nach Anbruch bzw. Zubereitung
werden meistens unter mikrobiologischen Aspekten festgelegt [51]. Erfolgt die Zube-
reitung jedoch unter validierten und kontrollierten aseptischen Bedingungen in der
Apotheke, kann die Aufbrauchsfrist basierend auf der physikalisch-chemischen Sta-
bilitat der jeweiligen Lésung festgesetzt werden.

Eine evidenz-basierte Ubersicht zur physikalisch-chemischen Stabilitat von Zytosta-
tikaldsungen wird seit Jahren von der Apotheke der Universitatsmedizin Mainz in
Tabellenform publiziert (Stabil-Liste®). In dieser Liste sind tabellarisch fir jedes Zy-
tostatikum die physikalisch-chemischen Stabilitatszeitraume der Stamm- bzw. Infu-
sionslésungen aufgefilhrt, die nach sorgfaltiger Bewertung aller bekannten Stabili-
tatsdaten zum Zeitpunkt der Erstellung von den Autoren empfohlen werden kénnen.
Die Liste wird in der Regel alle 2 Jahre aktualisiert, zuletzt im Méarz 2015 [93]. Im
Folgenden werden das Vorgehen bei der Aktualisierung der Stabil-Liste® 2015 so-
wie Anderungen und Erganzungen in dieser Auflage vorgestellt. Dariiber hinaus
werden im Diskussionsteil die wichtigsten Fragen (FAQs) beantwortet, die die Auto-

ren in den letzten Monaten zur aktualisierten Stabil-Liste® erreichten.



Material und Methode

Die Stabilitétsliste wurde zundchst um die Daten aller neuzugelassenen bzw. kurz
vor der Zulassung befindlichen onkologischen Wirkstoffe ergénzt.

Im zweiten Schritt erfolgte die Aktualisierung der Stabilitats- bzw.

In/Kompatibilitdtsdaten fur alle aufgenommenen Arzneimittel.

Datenquellen

Alle Ergebnisse der in der Apotheke der Universitatsmedizin Mainz durchgefiihrten
experimentellen Untersuchungen wurden unabhéngig von deren Publikationsstatus
eingefligt. AnschlieBend wurden die Publikationen oder Informationen externer Au-
toren zusammengestellt. Hierfur wurden mehrere Quellen genutzt. Die Apotheke der
Universitédtsmedizin Mainz sammelt kontinuierlich alle Informationen zur Stabilitat
von onkologischen Arzneimitteln wie Originalpublikationen, miindliche Prasentatio-
nen oder Posterbeitrdge auf Kongressen sowie Informationen von pharmazeuti-
schen Herstellern oder von Kollegen, z.B. aus der ADKA Mailing-Liste. Zur Vervoll-
standigung dieser Sammlung wurde im Méarz 2015 unmittelbar vor der Neuauflage
der Stabil-Liste® in der Datenbank International Pharmaceutical Abstracts (IPA) [53]
auf Vorhandensein neuer Publikation zur physikalisch-chemischen Stabilitdt von
Zytostatika gesucht. Die Suche erfolgte fur jeden Wirkstoff anhand der kombinierten
Stichworter ,Stabilitat® und ,Wirkstoff* sowie ,Kompatibilitat® und ,Wirkstoff. Der
Suchzeitraum wurde auf die Veréffentlichungsjahre 2013 bis 2015 begrenzt, da die
letzte Auflage der Stabil-Liste® von April 2013 stammte. Alle in der Datenbank ge-
fundenen Abstracts wurden hinsichtlich der Relevanz fur die Erstellung der Stabil-
Liste® bewertet. Fur als verwertbar eingestufte Abstracts wurde der Volltext der Ori-
ginalpublikation beschafft. Zudem wurden die Ausgaben Januar 2014 bis Marz 2015
der von der Apotheke der Universitatsmedizin Mainz abonnierten wissenschaftlichen
Zeitschriffen systematisch nach Publikationen zur Stabilitdt und/oder (In)-
Kompatibilitédt onkologischer Wirkstoffe durchsucht. Dabei handelte es sich um die
Annals of Pharmacotherapy, American Journal of Health-System Pharmacy, Inter-
national Journal Pharmaceutical Compounding, European Journal of Hospital
Pharmacy und das Journal of Oncology Pharmacy Practice. AbschlieRend wurden
die entsprechenden Wirkstoffmonographien der Stabilis-Datenbank, Version 4.0 [54]
durchgesehen. In der Stabilis-Datenbank sind oftmals anderweitig nicht zugéngliche

Vortragsfolien oder Abstracts der franzdsischen Arbeitsgruppen zu finden.
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Bewertung

Alle gesammelten Veréffentlichungen und Informationen wurden vollsténdig gelesen
und hinsichtlich der Validitét der enthaltenen Daten bewertet. Die Bewertung orien-
tierte sich an den ICH Quality Richtlinien Q1 und Q2 [50] und vor allem an der 2011
veréffentlichten europédischen Konsensusempfehlung zur Durchfiihrung von Stabili-
tatsuntersuchungen onkologischer Wirkstoffe [10]. Nur als valide eingestufte Unter-
suchungen fanden bei der Aktualisierung der Stabilitéts-und Kompatibilitatsdaten

Bericksichtigung.
Ergebnisse
Neue onkologische Wirkstoffe

Insgesamt wurden 8 neue onkologische Wirkstoffe in die Stabil-Liste® aufgenom-

men (s. Tabelle 1).

57



Tabelle 1: Neu in die Stabil-Liste® 2015 aufgenommene Wirkstoffe mit Datenquellen
und Hinweisen zur Festlegung der Aufbrauchsfrist

Wirkstoff Fertig- Datenquellen Hinweis
arzneimittel

Belinostat Beleodag™ pi' Beleodaq® [91] _

Blinatumomab Blincyto™ pi' Blincyto™ [6] _

Nivolumab Opdivo™ pi' Opdivo™ [19] Stabilitat der

Stammldsung

mikrobiologisch

determiniert
Obinutuzumab Gazyvaro™ FI? Gazyvaro ™ [84] Stabilitat der

Stammldsung

mikrobiologisch
determiniert
Pembrolizumab Keytruda ™ pi' Keytruda™ [69] Stabilitat der

Stammlésung

mikrobiologisch

determiniert
Plerixafor Mozobil® Kim 2015 [63] _
20 mg/ml
FI2 Mozobil® [88] _
Yuan 2013 [99] _
Ramucirumab Cyramza™ pi' Cyramza™ [31] Stabilitat der

Stammldsung
mikrobiologisch

determiniert

Trastuzumab Kadcyla® FI? Kadcyla® [85]

Emtansine

T pi = prescribing information
2 F| = Fachinformation
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Zudem waren zum Recherchezeitpunkt fiir 5 Wirkstoffe neue Fertigarzneimittel er-
héltlich, die sich hinsichtlich der Formulierung deutlich von den bereits zugelasse-
nen Fertigarzneimitteln dieser Wirkstoffe unterschieden. Diese Tatsache erforderte
das Einfiigen von zusatzlichen Datenséatzen zu den jeweiligen Wirkstoffen: bei
Alemtuzumab Lemtrada® 12 mg neben MabCampath®, bei Amsacrin Amsalyo® ne-
ben Amsidyl®, bei Cyclophosphamid Endoxan® Lyophilisat neben Endoxan® und bei
Rituximab und Trastuzumab die Formulierungen zur subkutanen Anwendung Mab-
thera® SC bzw. Herceptin® SC neben den i.v. zu applizierende Lésungen (s. Tabelle
2).

Tabelle 2: Neu in die Stabil-Liste® 2015 aufgenommene Datensatze zu neuen For-
mulierungen bekannter Wirkstoffe mit Datenquellen und Hinweisen zur Festlegung
der Aufbrauchsfrist

Wirkstoff Fertig- Datenquellen Hinweis
arzneimittel
Alemtuzumab Lemtrada® _ Daten von
12 mg Mabcampath®
Ubertragen
Amsacrin Amsalyo® Packungsbeilage Amsalyo _
[80]
Cyclophosphamid Endoxan® _ Daten von
Lyophilisat Endoxan®
Trockensubstanz
libertragen
Rituximab MabThera® SC  FI' MabThera® SC [86]

Miiller 2015 [71]

Trastuzumab Herceptin® SC  FI" Herceptin® SC [87]

Nalenz 2014 [72]

' FI = Fachinformation
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Fir neu zugelassene Wirkstoffe bzw. flir neue Formulierungen sind nur selten Stabi-
lititsdaten zu finden, die Uber die Angaben der entsprechenden Fachinformationen
und Packungsbeilagen hinausgehen. Die Aufbrauchsfristen sind in der Regel aus
mikrobiologischen Griinden auf maximal 24 h bei Kuhllagerung begrenzt [51]. So-
fern das Fertigarzneimittel als flissiges Konzentrat formuliert ist und keine Hinweise
auf eine Sauerstoffempfindlichkeit des Wirkstoffs zu finden sind, kann davon ausge-
gangen werden, dass durch eine Entnahme mittels Kanlle oder Spike die physika-
lisch-chemische Stabilitat der verbleibenden Restlésung nicht relevant beeintrachtigt
wird. Fir solche Konzentrate wird in der Stabil-Liste® die physikalisch-chemische
Stabilitat nach Anbruch mit 28 Tagen bei Kihllagerung angegeben. Dies gilt auch
flir Pembrolizumab (Keytruda™), das in den USA zusétzlich als flilssiges Injektions-
konzentrat in identischer Formulierung (ausgenommen Lésungsmittel Aqua ad in-

ject.) zugelassen ist [69].

Mit Zytostatika beladene DC Bead™

Fir vier Zytostatika wurden erstmals eigensténdige Datensétze fir deren Ladung in
DC Bead™ Mikrospharen aufgenommen (s. Tabelle 3). Die Zytostatika beladenen
DC-Bead™ werden zur arteriellen Chemoembolisation bei Lebertumoren oder Le-
bermetastasen eingesetzt. Die besondere Anwendungsform erforderte die zusatzli-
che Darstellung der zu empfehlenden Beladungszeiten und -bedingungen und den
daraus resultierenden Beladungsraten. Fur alle Wirkstoffe ist gezeigt, dass die Be-

dTM

ladung von DC Bea mit Zytostatika umso rascher erfolgte, je kleiner der Durch-

messer und damit je groRer die Oberflache der DC Bead™

ist und je mehr Bewe-
gung der Mischung wéahrend des Beladungsprozesses zugefuhrt wird. Fiur die bei-
den Anthracyclin-Derivate Doxo- und Epirubicin verlief die Beladung effektiver, wenn
nicht das Fertigkonzentrat (2 mg/ml), sondern die mit Aqua ad inject. zu 25 mg/mi
rekonstituierte Trockenformulierung verwendet wurde [41, 49, 92]. Mit der 25 mg/ml
Lésung wurden fir Doxorubicin in Abhangigkeit von der DC Bead™ GroRe (70-700
pum) nach 1-2 Stunden unter gelegentlichem Schwenken der Vials Beladungsraten
von >98% erreicht [41]. Entsprechende Beladungsraten (>99%) wurden mit Epirubi-
cin fur DC Bead™ der GroRe 70-300 pm bereits nach 30 Minuten unter gelegentli-
chem Schwenken erzielt [92].

Die physikalisch-chemische Stabilitdt der mit Zytostatika beladenen DC Bead™ so-

wie die Integritéat der Zytostatika konnte ausreichend belegt werden. Fir Epirubicin

6
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und Irinotecan konnte die Stabilitét fur 28 Tage bei Raumtemperatur gezeigt werden
[60, 92]. Mit Doxorubicin beladene DC Beads erwiesen sich Uber 14 Tage bei 2-8 °C
stabil [41], fur Topotecan wurde die Stabilitat tber 7 Tage bei Raumtemperatur un-
tersucht und belegt [58].

Fir die zur Beladung zu empfehlenden hochkonzentriert rekonstituierten Anthracyc-
lin-Stammlésungen sind keine experimentell bestimmten Daten zur Stabilitat be-
kannt. Fir Doxorubicin wurden Untersuchungen mit maximal 7,5 mg/ml [40] publi-
ziert, welche die physikalisch-chemische Stabilitat Gber 30 Tage bei Kuhllagerung
belegen. Anthracyclinlésungen sind bekanntlich insbesondere in héheren Konzent-
rationen sehr stabil. Zudem lasst die nachgewiesene Integritdt von Doxo- und Epi-
rubicin Uber 14 bzw. 28 Tage Lagerung nach Beladung von DC Beads mit den
hochkonzentrierten Ldsungen den Rickschluss zu, dass die hochkonzentrierten
Stammlésungen Uber 28 Tage stabil sind.

Des Weiteren wurden verschiedene Untersuchungen zur Kompatibilitat der belade-
nen DC Beads mit unterschiedlichen nichtionischen Kontrastmitteln durchgefiihr.
Fir die mit Doxo- oder Epirubicin beladenen Beads konnte die Stabilitdt bzw. Kom-
patibilitdt nach Mischung mit ausgewahlten nicht-ionischen Kontrastmitteln fir 7 Ta-
ge bei 2-8 °C gezeigt werden [41, 90]. Im Gegensatz dazu erwiesen sich mit Irinote-
can beladene DC Beads als inkompatibel mit nicht-ionischen Kontrastmitteln. Die
Mischungen fiihrten zu einer rapiden Abnahme der Irinotecan-Beladungsrate inner-
halb weniger Stunden [60, 89]. Es kann daher nicht empfohlen werden die mit Irino-
tecan beladenen DC Beads zentral in der Apotheke mit Kontrastmitteln zu mischen,
statt dessen sollte dies durch den Radiologen unmittelbar vor der Anwendung erfol-

gen.
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Tabelle 3. Datensatze zu mit Zytostatika beladenen DC Bea

dTM

Arzneimittel Fertigarzneimittel Stammlosung Beladung DC Bead'" Physikalisch- Aufbewahrung der Besonderheiten Ausgewahite Zeitraum Ausgewahite
chemische Stabilitdt | applikationsfertigen Kompatibilitaten Inkompatibilitaten
Rekonstituens Menge Durch- Zeit beladene Beads Lésung
INN-Name Name Gehalt Art Menge | Konzen- | [mg/2 messer (Bel.rate) RT 2-8 °C Aufbewahrung
tration ml Bead] [um] der Mischung
(Hersteller) [mg] [mi] [mg/mi] —
Bedingung
DC Bead'" mit Doxorubicin 100 = (50) 2] 50 70-150 |4 h (98%) - 14 d Lichtgeschiitzt = Omnipaque™ 350 7 dbei 2-8°C e
Doxorubicin-HCI | NC 2 mg/ml Kuhl {lohexol)
(NeoCorp AG) gelegentl. (nur: 100-700 Um)
Schwenken
500 - 700 | 12 h (>99%)
kont.
Schwenken
70-150 | 5h (98%)
75
gelegentl.
Schwenken
Doxorubicin 50 Aqua ad 2 25 50-75 70-150 | 1 h (98%) _ 14 d Lichtgeschitzt
Actavis inject. 100 - 300 Kuhl
(Actavis gelegentl.
Deutschland Schwenken
GmbH)
300 - 500 | 1,5 h (98%)
gelegentl.
Schwenken
500 - 700 | 2, (98%)
gelegentl.
Schwenken
10 min.
50 100 - 500 (>99%)
kont.
Schwenken
- 1h (>99%
5 500 - 900 ( )
kont.
Schwenken
50 900 - 4 h (>99%)
1200 -
kont.
Schwenken
8
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Arzneimittel Fertigarzneimittel Stammlésung Beladung DC Bead'" Physikalisch- Aufbewahrung der | Besonderheiten Ausgewdhlte Zeitraum der Ausgewdahite
chemische Stabili- | applikationsfertigen Kompatibilitaten Kompatibilitat Inkompatibilitaten
tat Losung und
Rekonstituens Menge Durch- Zeit beladene Beads Aufbewahrung
[mg/2 messer (Bel.rate) der Mischung
ml Bead] [um]
INN-Name Name Gehalt Art Menge | Konzen- RT 2-8°C
tration Bedingung
(Hersteller) [mg] [mi] [mg/mi]
DC Bead' " mit Epimedac™ 200 _ (100) 2 76 70- 150 | 6 h (95%) 28d i Lichtgeschiitzt = Accupaqgue™ 300 7 dbei 2-8 °C _
Epirubicin-HCI (medac) Raumtemperatur (lohexol)
Statisch Imeron® 300
{lomeprol}
Ultravist® 300
(lopromid})
100 - 300 | 6 h (90%) Visipaque ™ 350
12 h (96%) {lodixanol)
initiales
Schwenken
Farmorubicin® 50 Aqua ad 2 25 75 70-300 | 0,5h (99%) 28d e Lichtgeschiitzt
(Pfizer) inject. Raumtemperatur
initial u.
nach 15
min.
Schwenken
9
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Ar Fertigar Stammlosung Beladung DC Bead'™ Phy h A g der Besor g Zeitraum der Ausgewaihite
ch tigen Komp Komp i P
Rekonstituens Menge Durch- Zeit beladene Beads Losung und
[mg/2 messer (Bel.rate) Aufbewahrung
INN-Name Name Gehalt Art Menge | Konzen- | mi Bead] [um] RT 2-8°C der Mischung
tration
(Hersteller) [mg] [mi] [mg/mi] Bedingung
DC Bead' ™ Campto 100 = {5 20 100 100 - 500 | 2 h (96%) 28d 14d Lichtgeschitzt ME unm Rielbar vor . B JAccupaque™ 300
mit (Pfizer Pharma Raumtemperatur et (e Ber e (ichisxol) (3:1)
Irinotecan GmbH) gelegentl. irkom patibAItat genannten Prccupaque™ 350
Schwenken KOontrastm £1ein) mischen
2 h (98%) (lopromid) (14, 1.6}
Dptiray™ 300
Fony (loversol) {1:1, 12,
Schwenken l-:‘:vr‘a:'lu 350
(loversol) {1:1,1:2,
14, 16)
500 - 700 | 2 h (95%) [Solutrast®
(loparmed
e Jitravise® 300
léont. (lopromed) {1:1)
chwenken itravies® 370
(lopromed) (1:4, 1:6)
plenetix® 350
700 - 900 | 2 h (93%) (lobitrodol) (14, 1.6)
kont.
Schwenken
Innotecan 500 = (25) 20 100 70-150 | 2h (99.5%) 28d = Lichtgeschutzt
Accord” Raumtemperatur
(Accord initiales
Heaithcare Schwenken
Limited)
5 h (100%)
statisch
DC Bead™ Hycamtin® 4 4 Aqua ad < 1 4 300 - 500 | 6 h (>92%) 7d Lichtgeschitzt - - - =
ye q - g
mi mg inject. Raumtemperatur
Topotecan (Glaxo Smit- statisch
hKline)
1 h (>90%)
2h (>92%)
kont.
Schwenken
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Neue Daten zu bekannten Wirkstoffen

Insgesamt wurden 43 neue Verdffentlichungen und Informationen zu bereits in der
vorherigen Auflage der Liste enthaltenen Wirkstoffen gefunden. Davon flossen 26 in
die Neuauflage ein (s. Tabelle 4). Die restlichen Daten wurden entweder als nicht
valide bewertet oder lieferten keine neuen Erkenntnisse bzw. blieben mit ihren Un-

tersuchungszeitrdumen hinter den bereits bekannten Stabilitatszeitrdumen zuriick.

"
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Tabelle 4: Neue Informationsquellen zu bestehenden Datensétzen

Wirkstoff Informationsquelle Beriicksichtigt bei der Ak-
tualisierung der Stabil-
Liste® 2015
Alemtuzumab Goldspiel 2013 [343] Ja
Amsacrine (AMSA) Packungsbeilage Amsalyo Ja
[80]
Asparaginase pi' Elspar [67] Ja

Azacitidin Walker 2012 [97] Teilweise, da Daten nicht
plausibel
Legeron 2013 [65] Nein, langere Stabilitat be-
kannt und Daten nicht plausi-
bel
Azathioprin FIZ Imurek® [9] Ja
Bevacizumab Morand [68] Nein, entsprechende Stabili-
tat bereits bekannt
Gonzales 2015 [35] Nein, Daten nicht valide
Khalili 2015 [62] Nein, entsprechende Stabili-
tét bereits bekannt
Palmer 2013 [74] Nein, entsprechende Stabili-
tét bereits bekannt
Pereboom 2015 [79] Nein, entsprechende Stabili-
tat bereits bekannt
Bleomycin Hexal 2013 [44] Ja
Hexal 2013 [42] Nein, langere Stabilitat
bekannt
Bortezomib Walker 2014 [98] Ja
Berruezo Garcia 2013 [17] Nein, Daten nicht plausibel
Lipp 2013 [66] Nein, langere Stabilitat
bekannt
Busulfan Houot 2013 [48] Nein, entsprechende Stabili-

tat bereits bekannt

Calciumfolinat

Karbownik 2013 [61]

Ja

Hexal 2013 [44]

Nein, langere Stabilitat
bekannt

Hexal 2013 [42]

Nein, langere Stabilitat
bekannt

Carboplatin

Hexal 2013 [44]

Nein, entsprechende Stabili-
tét bereits bekannt
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Carmustin Fresenius 2013 [52] ja
Cetuximab Gonzales 2015 [36] Nein, Daten nicht valide
Gonzales 2015 [38] Nein, langere Stabilitat
bekannt
Cisplatin Hexal 2013 [44] Nein, langere Stabilitat
bekannt
Hexal 2013 [42] Nein, entsprechende Stabili-
tat bereits bekannt
Clofarabin FIZ Evoltra® [33] Ja
Cyclophosphamid Baxter 2014 [15] Ja
Gebrauchsinfo 2011 [12] Ja
Cytarabin FI? Cytarabin Accord [1] Ja
Decitabin Janssen 2015 [56] Nein, valide Daten bekannt
Dexrazoxan Zhang 2014 [101] Ja
Docetaxel Hexal 2013 [44] Nein, langere Stabilitat
bekannt
Hexal 2013 [42] Nein, entsprechende Stabili-
tat bereits bekannt
Physicochemical Data Nein, entsprechende Stabili-
Docetaxel Accord 20 [2] tat bereits bekannt
Doxorubicin Escudero-Ortiz 2014 [32] Ja
Hexal 2013 [44] Nein, langere Stabilitat
bekannt
Hexal 2013 [42] Nein, entsprechende Stabili-
tat bereits bekannt
Epirubicin Amandine [3] Ja
Hexal 2013 [44] Nein, langere Stabilitat
bekannt
Etoposid Hexal 2013 [44] Nein, langere Stabilitat
bekannt
Hexal 2013 [42] Nein, entsprechende Stabili-
tat bereits bekannt
Fludarabin Trittler 2010 [94] Ja

Hexal 2013 [44]

Nein, entsprechende Stabili-
tat bereits bekannt

Hexal 2013 [42]

Nein, entsprechende Stabili-
tat bereits bekannt

5-Fluorouracil

Hexal 2013 [44]
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bekannt

Hexal 2013 [42] Nein, entsprechende Stabili-

tat bereits bekannt

Gemcitabin Hexal 2013 [44] Nein, entsprechende Stabili-
tat bereits bekannt
Hexal 2013 [42] Nein, entsprechende Stabili-
tat bereits bekannt
Ifosfamid Zhang 2014 [100] Nein, entsprechende Stabili-
tat bereits bekannt
Ipiliumumab Bardo 2013 [11] Ja
Irinotecan Hexal 2013 [44] Nein, entsprechende Stabili-

tat bereits bekannt

Hexal 2013 [42] Nein, entsprechende Stabili-

tat bereits bekannt

Lenograstim FI? Granocyte® [28] Ja

Methotrexat Hexal 2013 [44] Nein, langere Stabilitat
bekannt
Hexal 2013 [42] Nein, langere Stabilitat
bekannt
Mitoxantron Hexal 2013 [44] Nein, langere Stabilitat
bekannt
Hexal 2013 [42] Nein, entsprechende Stabili-
tat bereits bekannt
Ofatumumab FI? Arzerra® [73] Ja
Oxaliplatin Escudero-Ortiz 2014 [32] Ja
Hexal 2013 [44] Nein, langere Stabilitat
bekannt
Hexal 2013 [42] Nein, entsprechende Stabili-
tat bereits bekannt
Paclitaxel Hexal 2013 [45] Nein, entsprechende Stabili-

tat bereits bekannt

Hexal 2013 [43] Nein, entsprechende Stabili-

tat bereits bekannt

Hexal 2014 [46] Nein, entsprechende Stabili-

tat bereits bekannt

Paclitaxel Albumin- Celgene 2014 [25] Ja

gebunden

Panitumumab Apotheke Mainz 2014 [7] Ja

Pentostatin FI? Nipent [47] Ja

Pixantron cti Life Sciences 2013 [29] Ja

Rituximab Zhang 2013 [102] Nein, entsprechende Stabili-

tat bereits bekannt
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Temozolomid FIZ Temodal® [70] Ja

Thiotepa Riemser 2013 [82] Ja
SMPC Tepadina® [83] Nein, valide Daten bekannt
Trastuzumab Paul 2013 [77] Nein, entsprechende Stabili-
tat bereits bekannt
Gonzales 2015 [39] Nein, Daten nicht valide
Vincristinsulfat Hexal 2013 [44] Nein, langere Stabilitat be-
kannt

! pi = prescribing information
? FI = Fachinformation

Diskussion

Die in der Stabil-Liste® aufgefiihrten Daten zur physikalisch-chemischen Stabilitat
wurden durch sorgféltige Analyse der Originalliteratur bzw. durch eigene experimen-
telle Untersuchungen gewonnen und unterscheiden sich von den Angaben der Zu-
lassungsinhaber in den Gebrauchs- und Fachinformationen. Sofern das Produkt
nicht unverziglich angewendet wird, liegen die Aufbewahrungszeiten und Bedin-
gungen in der Verantwortung des Anwenders. Unter Berlicksichtigung der mikrobio-
logischen Instabilitét ist die Verwendbarkeit bei Zubereitung in patientennahen Be-
reichen auf maximal 24 Stunden zu begrenzen. Bei Zubereitung unter Reinraumbe-
dingungen in der Apotheke ist die mikrobiologische Instabilitat zu berticksichtigen
und die Verwendbarkeit entsprechend der mikrobiologischen Validierung zu begren-
zen.

Eine immer wieder geflihrte Diskussion ist die Frage, ob die Stabilitat bis 95% oder
90% des Nenngehalts als gegeben anzusehen ist. Dies kann nicht pauschal beant-
wortet werden und sollte auch unter klinischen Aspekten, wie therapeutischer Index
eines Wirkstoffs, maximal tolerable Menge von toxischen Zersetzungsprodukten und
speziellen Applikationswegen (Aggregate, Partikel bei intrathekaler, intraokularer
Applikation) im Einzelfall entschieden werden [10]. Wenn toxische Zersetzungspro-
dukte entstehen und die Arzneibuchmonographien Grenzwerte fur diese enthalten
(z.B. bei Cisplatin), missen diese selbstversténdlich bertcksichtigt werden. Fir die

neu aufgenommenen Wirkstoffe sind uns derartige Grenzwerte nicht bekannt. Bei
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allen Biopharmazeutika missen Aggregate als immunogen und daher als stabili-
tatsbegrenzend untersucht und beachtet werden. Fir den Anwender kénnte es bei
sehr instabilen Wirkstoffen hilfreich sein, wenn in der Stabil-Liste® die Angabe der
Haltbarkeit um die gewéahlte Grenze bzw. den Hinweis auf toxische Zersetzungspro-

dukte erganzt wird.

Folgende Fragen werden haufig zur Stabil-Liste® gestellt und diskutiert.

Welches Lésungsmittel sollte zur Rekonstitution des Cyclophosphamid Lyo-
philisats verwendet werden und wie stabil ist die resultierende Lésung?
Cyclophosphamid Lyophilisat unterscheidet sich von der Pulverform durch zusétz-
lich enthaltenes Mannit. Dieses hat nach unserem Daflirhalten keinen Einfluss auf
die Stabilitdét nach Rekonstitution. Der entscheidende stabilitdtsdeterminierende
Faktor fur Cyclophosphamid ist die Temperatur [20]. Die Untersuchungen zur Stabi-
litat der rekonstituierten Cyclophosphamid Stammldsung aus der Pulverform Uber
28 Tage bei 2-8 °C stammen aus 1973 [20] und 1984 [64]. Sie wurden mit dem da-
mals vom Hersteller empfohlenen Rekonstitutionsmittel Aqua ad injectabilia durch-
gefuhrt. Erst viele Jahre spéater wurde vom Hersteller zur Rekonstitution die NaCl
0,9% Injektionslésung empfohlen [14], um die Osmolaritét der rekonstituierten L&-
sung der Osmolaritdt des Blutes anzun&hern. Analog wurde fur das Lyophilisat zu-
nachst Aqua ad inject. [12] und spéater NaCl 0,9% [13] als Rekonstitutionsmittel
empfohlen. GeméaR Informationen der Herstellerfirma Baxter Oncology [15] reduziert
sich der Cyclophosphamidgehalt des mit NaCl 0,9% L&sung rekonstituierten Lyophi-
lisats bei einer Temperatur <8 °C um 0,3% pro Tag. Gleichzeitig bestatigt der Her-
steller, dass die beiden Fertigarzneimittel Cyclophosphamid Pulver und Cyclophos-
phamid Lyophilisat sowohl mit NaCl 0,9% Lésung als auch mit Aqua ad injectabilia
rekonstituiert werden kénnen [15]. Daher kénnen die Stabilitatsangaben Uber 28
Tage bei 2-8 °C sowohl auf die Stammldsung rekonstituiert mit VWasser oder NaCl
0,9% Lésung als auch auf die Stammldésung aus Lyophilisat oder Pulver angewen-
det werden.

Kann ein Anbruch von Panitumumab (Vectibix®) aufbewahrt werden?

GemaR einer Stabilitdtsuntersuchung mittels ELISA von Ikesue et al. [55] sind die
Panitumumab Stammldsung nach Anbruch (20 mg/ml) und daraus zubereitete Infu-
sionslésungen (2,5 mg/ml) GUber mindestens 14 Tage bei 2-8 °C stabil. Nach 14 Ta-
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gen betrug der Gehalt an Panitumumab noch 102,7% bzw. 100,5% des Ausgangs-
gehalts. Die Konzentration der Stammlésung zum Zeitpunkt t0 betrug im Mittel
20,00 mg/ml, die der Infusionslésung 2,55 mg/ml + 0,18 (Soll: 2,5 mg/ml). Die Publi-
kation enthalt den Hinweis, dass die Panitumumab-Stammldsung zur Zubereitung
der Infusionslésung ohne nennenswerten Wirkstoffverlust durch einen 0,22 pm Filter
gefiltert wurde. In der Praxis wird bei Aufbewahrung des Anbruchs innerhalb weni-
ger Stunden eine mehr oder weniger starke Triibbung durch proteindse Strukturen
beobachtet. GemafR Produktinformation [4] handelt es sich bei Vectibix® um ein farb-
loses Konzentrat, das durchscheinende bis weile, sichtbare amorphe, proteindése
Panitumumab-Partikel enthalten kann. Aufgrund zahlreicher Reklamationen hat die
Herstellerfirma Amgen eine Untersuchung in Auftrag gegeben. Diese kam zu dem
Ergebnis, dass der Wirkstoffgehalt nach Verdiinnung in NaCl 0,9% L&ésung und an-
schlieRender Filtration bei 92% und damit innerhalb der Endproduktspezifikation (80
- 125%) lag [5]. Der Wirkstoffgehalt des unverdiinnten Konzentrats nach Anbruch
wurde nicht untersucht. Aus den beiden Informationen lasst sich ableiten, dass die
Ausflockung von Panitumumab bekannt ist und toleriert wird. Offensichtlich unter-
liegt der Panitumumab-Gehalt des Konzentrats nach Anbruch durch die Ausflockung
einer hohen Variabilitdt, so dass die Aufbewahrung des Anbruchs nicht empfohlen
werden kann. Die Applikation der Infusionslésung Uber einen Inline-Filter der Poren-
groRe 0,2 uym mit niedrigem protein-bindenden Potential ist zwingend erforderlich.

Dieser Hinweis wird in die nachste Auflage der Stabil-Liste® aufgenommen.

Ist die Haltbarkeit der Decitabin Infusionslésung auf 3 Stunden zu begrenzen?
Gemal Rundschreiben der Herstellerfirma Janssen betrégt die Aufbrauchsfrist fr
Decitabin Infusionslésungen nach Verdinnung mit vorgekihlten Infusionslésungen
nicht wie bisher empfohlen 9 Stunden sondern nur 3 Stunden [56]. Grundlage dieser
Anderung waren keine neuen Untersuchungen, sondern eine Neubewertung der
vorhandenen Daten unter Berlicksichtigung engerer Grenzwerte. Unabhéngig von
der Herstellerfirma untersuchten Patel et al. [75] die Stabilitdt von Decitabin nach
Verdunnung mit vorgekihlten Tragerldsungen (NaCl 0,9% oder Glucose 5% L&-
sung). Der Decitabingehalt der Infusionslésungen betrug nach einem Zeitraum von
7 Stunden bei 2-8 °C und anschlieBender 3-stiindiger Lagerung bei Raumtempera-
tur 92% des Ausgangsgehalts. Nach Zubereitung mit ungekihlten Tréagerldsungen
und Aufbewahrung bei Raumtemperatur lag der Wirkstoffgehalt hach 3 Stunden bei
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93% (1,0 mg/ml) bzw. 90% (0,1 mg/ml). Zur Reduktion der Aufbrauchsfrist von Deci-
tabin Infusionslésungen auf 3 h besteht daher aus unserer Sicht keine Veranlas-

sung.

Sind die Angaben zur Stabilitét der mit vorgekiihltem Aqua ad inject. rekonsti-
tuierten Azacitidin Suspension valide?

Die Stabilitdt von Azacitidin in Losung ist stark temperaturabhéngig [8]. Das Stabili-
tatsoptimum liegt bei pH 6-8 [23]. Azacitidin hydrolysiert in neutralem, wassrigen
Milieu reversibel, aber rasch zu der ringoffenen Form N-formylguanylribosylharnstoff
(RGU-CHO), welches langsamer irreversibel zu RGU (Guanylribosylharnstoff) de-
formyliert wird [16, 26]. Vieillard et al. untersuchten die Stabilitéat von Azacitidin (100
mg) nach Rekonstitution mit gekihltem Aqua ad inject. (4 °C, 4 ml) zu einer Sus-
pension (25 mg/ml) Uber einen Zeitraum von 10 Tagen [96]. Die Gehaltsbestimmung
erfolgte mittels HPLC mit UV-Detektion. Die Peaks der beiden Zersetzungsprodukte
RGU-CHO und RGU waren deutlich vom Azacitidin-Hauptpeak getrennt. Vieillard et
al. stellten analog zu den Untersuchungen mit Azacitidin Lésung von Hartigh et al.
[30] und Cheung et al. [27] fest, dass auch bei der Azacitidin Suspension die Zer-
setzung in zwei Phasen verlauft, einer ersten, schnellen Phase (vermutlich die
Gleichgewichtsreaktion zur ringoffenen Form CHO-RGU) und einer zweiten, lang-
sameren Phase (vermutlich die Deformylierung zu RGU). Unmittelbar nach Rekon-
stitution betrug der Azacitidingehalt bereits nur 96,85% * 1,29%. Innerhalb von 5
Tagen reduzierte sich der Gehalt auf absolut 95%, nach 10 Tagen auf absolut ca.
88%. Der gefundene Azacitidingehalt wurde nicht (wie bei Stabilitatsuntersuchungen
Ublich) als Prozentsatz der zum Zeitpunkt tO gefundenen Konzentration ausge-
drickt, sondern als Prozentsatz der Nominalkonzentration 25 mg/ml. Mit diesem
Vorgehen wird vermieden, dass bei Wirkstoffen mit hoher initialer Zersetzungsrate
die gefundenen Konzentrationen an nicht zersetztem Wirkstoff falsch zu hoch ge-
wertet werden.

Vergleichbare Ergebnisse fand Tutino fur die Azacitidin Suspension [95]. Nach Re-
konstitution mit kaltem Aqua ad inject. und Lagerung bei 2-8 °C fur 22 Stunden, ge-
folgt von einer 30 minltigen Erwédrmung auf 25 °C reduzierte sich der Azacitidinge-
halt nur um absolut 2,7%.

Die Herstellerfirma Celgene selbst gibt die Zersetzungsrate einer Azacitidin Sus-
pension zubereitet mit zimmerwarmem Aqua ad inject. und Lagerung bei 2-8 °C mit

18

72



0,1% pro Stunde an. Damit lage der Azacitidingehalt einer Suspension nach 50
Stunden bei 95% und nach 100 Stunden bei 90%. Allerdings wurde die Zerset-
zungsrate nicht anhand des Azacitidingehalts, sondern indirekt anhand des Gehalts
der Zersetzungsprodukte ermittelt. Entsprechend der oben beschriebenen Zerset-
zungskinetik stieg der Gehalt der Zersetzungsprodukte innerhalb der ersten beiden
Stunden um ca. 1,2%, in den folgenden Stunden nur um 0,083%/h. Nach Suspensi-
on mit kaltem Aqua ad inject. (4 °C) und Lagerung Uber 72 Stunden bei 2-8 °C ge-
folgt von 30 Minuten Lagerung bei Raumtemperatur wurde eine Zersetzungsrate
von 0,12%/h ermittelt. Der Azacitidingehalt reduzierte sich innerhalb von 72,5 Stun-
den um 8,7%. Die Zersetzungsrate von Azacitidin Suspension bei Raumtemperatur
betragt 2,5%/h [23].

Legeron et al. [65] ermittelten die Stabilitat von Azacitidin nach Suspension mit 4 °C
kaltem Aqua ad inject. mit nur 48 Stunden. Allerdings zeigten die Werte zu den ver-
schiedenen Untersuchungszeitpunkten starke Schwankungen. Der Azacitidin Gehalt
reduzierte sich nach 12 Stunden (t12h) nur um 0,72%, nach weiteren 12 Stunden
(t24h) plétzlich um weitere 3,1%, nach weiteren 24 Stunden (t48h) wieder nur um
weitere 0,41% und nach weiteren 24 Stunden (t72h) wieder um weitere 2,89%. Die
gefundenen Werte lassen sich nicht mit der fir Azacitidin bekannten Zersetzungski-
netik plausibilisieren.

Ebenso kénnen die HPLC-Untersuchungen von Walker et al. [97] als nicht valide
bewertet werden. Fir alle Untersuchungszubereitungen wurde zum Zeitpunkt O ein
Azacitidin Gehalt von deutlich tGber 25 mg/ml gefunden. Diese Werte missen als
falsch zu hoch angenommen werden, zumal bei der Methodenvalidierung fur die
Wiederfindungsrate eine mittlere Abweichung von 4,25% angegeben wurde. Da alle
Werte der spateren Untersuchungszeitpunkte auf den Wert zum Zeitpunkt tO bezo-
gen wurden, missen die Ergebnisse dieser Untersuchung insgesamt in Frage ge-
stellt werden.

Warum ist Abraxane® in der Stabil-Liste® als unverdiinnte Infusionslosung
ldnger stabil als im Vial? Muss zur Applikation ein Filter verwendet werden?

Laut Stabil-Liste® ist Abraxane® als Stammldsung im Originalbehéltnis fur 8 Stunden
bei 2-8 °C stabil und als Infusionszubereitung im Infusionsbeutel fir 48 Stunden bei
2-8 °C stabil. Diese Angabe erscheint nicht plausibel, da Abraxane® unverdiinnt ap-
pliziert wird. Die Angaben stammen von der Herstellerfirma Celgene [24]. Die Stabi-
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litdt der Stammlésung wurde entsprechend dieser Informationen in einem Infusions-
beutel aus PVC Uber einen Zeitraum von 48 Stunden, im Originalvial jedoch nur
Uber einen Zeitraum von 8 Stunden untersucht. Unserer Auffassung nach kann man
die Daten Uber 48 h im PVC-Beutel auch auf die Lagerung im Originalbehaltnis aus
Glas Ubertragen. Daher wurde in die Stabil-Liste® unter Besonderheiten der Hinweis
aufgefihrt, dass die Stabilitdt im Originalvial nicht l&nger als 8 h untersucht wurde.
Kurzlich erreichte uns auch der Hinweis, dass die Aufbrauchsfrist von Abraxane®
nach Erstanbruch in der US-amerikanischen prescribing information im Originalvial
mit 24 h bei 2-8 °C angegeben wird [21]. Diese Angabe wird bei der ndachsten Aufla-
ge der Stabil-Liste® tbernommen.

GemaR Fachinformation [22] kann Abraxane®-Suspension in Infusionsbeutel aus
PVC oder non-PVC-Materialien injiziert werden. Aus theoretischen Uberlegungen
heraus kann Kompatibilitdt und Stabilitdt von mindestens 48 h in allen Primérpack-
mitteln, einschlieRlich EVA-Infusionsbeuteln, angenommen werden.

Im Januar 2014 wurde ein Rote-Hand-Brief bzgl. sichtbarer Faden in der rekonstitu-
ierten Abraxane®—Suspension herausgegeben, mit dem Hinweis, bei Vorhandensein
sichtbarer Faden sei Abraxane® tber einen Filter der Porengrée 15 pm zu infun-
dieren. Ein Filter mit kleinerer PorengréRe darf nicht verwendet werden [25]. Diese
Hinweise wurden in die aktuelle Auflage der Stabil-Liste® aufgenommen. Inzwischen
wird in der Fachinformation generell die Applikation Uber einen 15 pm-Filter empfoh-
len, da die Verwendung von Einmalspritzen, welche Silikondl als Gleitmittel enthal-
ten bei Kontakt mit Abraxane® zur Bildung proteindser Faden filhren kann. Dieses

Phé&nomen ist auch von anderen proteindsen Arzneistoffen bekannt [18, 57].

Kénnen die Daten der Stabil-Liste von einem Fertigarzneimittel auf ein ande-
res Fertigarzneimittel iibertragen werden?

In der Stabil-Liste® werden nur beispielhafte Fertigarzneimittel genannt. Die Stabili-
téatsuntersuchungen wurden nicht zwingend mit diesen Fertigarzneimitteln durchge-
fuhrt. Unserer Auffassung nach kénnen bei identischer Formulierung Stabilitatsda-
ten in der Regel problemlos von einem auf ein anderes Fertigarzneimittel Ubertragen
werden. Die Bewertung der Vergleichbarkeit von Formulierungen fallt bei Konzentra-
ten oftmals leichter als bei Trockensubstanzen, deren Ldslichkeit durch Unterschie-
de in der quantitativen Zusammensetzung von Hilfsstoffen variieren kann. Vorsicht
ist bei der Ubertragung von Daten geboten wenn die Fertigarzneimittel mit Lésungs-
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vermittlern formuliert sind. Die physikalische Stabilitat solcher Wirkstoffe lasst sich
nur schwer vorhersagen und kann bereits durch Verdnderungen in der Herstellung
von den lésungsvermittelnden Hilfsstoffen stark beeintréachtigt sein. Bei Hinweisen
auf eine ggdf. unterschiedliche physikalisch-chemische Stabilitdt von &hnlich formu-
lierten Fertigarzneimitteln sind in der Stabil-Liste® zu dem betreffenden Wirkstoff
zwei Datenséatze mit unterschiedlichen Stabilitdtsangaben durch eine durchgezoge-
nen Linie konsequent getrennt. Ein Hinweis auf die unterschiedlichen Formulierun-
gen ist in diesen Féllen unter Besonderheiten aufgefiihrt, z.B. bei Fludarabin und

Paclitaxel.

Welcher Filter ist zur Applikation von Wirkstoff xy geeignet?

Wenn in der Packungsbeilage oder Fachinformation Filter zur Applikation empfohlen
bzw. vorgeschrieben sind, finden sich die entsprechenden Hinweise in der Stabil-
Liste® in der Spalte Besonderheiten zusammen mit der Angabe der Porengréf3e und
der Materialeigenschaften. Im Sinne der Patientensicherheit und zur Arbeitserleich-
terung auf Station empfiehlt es sich, in der Apotheke den entsprechenden Filter zu
der jeweiligen Zubereitung beizupacken. Bei einigen Fertigarzneimitteln werden
passende Filter bereits vom Hersteller kostenlos zur Verfigung gestellt. Der Markt
der Filter ist sehr gro® und unubersichtlich, so dass von der Apotheke eine wirk-
stoffbezogene Filter-Liste erstellt werden sollte. Zur Reduktion der Verwechslungs-
gefahr sollte dabei die Auswahl auf 2-3 Filter reduziert werden. Eine Publikation

hierzu befindet sich in Vorbereitung [81].

Wie sind die Ergebnisse der Immunoassay Untersuchungen zu diversen Anfi-
kérpern zu bewerten?

Anlasslich des EAHP Kongresses 2015 wurden von der gleichen Autorengruppe
mehrere Poster zur Stabilitdt von Antikérperzubereitungen (Bevacizumab [35],
Cetuximab [36, 38], Trastuzumab [39], Infliximab [37]) prasentiert. Die Untersuchung
der Stabilitéat der Antikdrper fand ausschlieRlich mit einem Immunoassay fur Bevaci-
zumab und Trastuzumab oder mit einem Immunoassay erganzt durch andere Me-
thoden flr Cetuximab und Infliximab statt. Nach den Regeln der ,Guten Stabilitéts-
untersuchungen' sind zur Bewertung der Stabilitdét von monoklonalen Antikérpern
die Ergebnisse beispielsweise folgender Methoden in der Zusammenschau maf-
geblich: sichtbare und nicht-sichtbare Partikel, Tribung, pH, Osmolaritat, GréRen-
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ausschlusschromatographie, lonenaustausch-HPLC, RP-HPLC mit UV Detektion,
biologische Assays (am besten zellbasiert und Effekimessung). AusschlieRlich auf
einem Immunoassay basierend, kénnen keine validen Aussagen zur Stabilitét von
Antikdrperzubereitungen getroffen werden. Bei den prasentierten ELISA Untersu-
chungen fiir Bevacizumab und Trastuzumab fallt auf, dass jeweils am Tag 3 nach
Erstanbruch die ,biologische Aktivitat' stark abnimmt (auf 80% bzw. 50% der Aus-
gangsaktivitét) und dann bis Tag 57 bzw. Tag 15 weitgehend unveréndert bleibt. Die
Aktivitdtsabnahme ist unabhéngig von der Lagertemperatur (4 °C, -20 °C, -80 °C). In
den Fachinformationen beider Fertigarzneimittel ist die Lagerung ausschlieBlich bei
4 °C empfohlen und wird explizit darauf hingewiesen, dass das Konzentrat bzw. die
rekonstituierte Lésung nicht eingefroren werden sollen. Zusammen mit den schlech-
ten Wiederfindungsraten und der hohen Variabilitdt der Wiederholpréazision und
Vergleichsprazision sind die Untersuchungsergebnisse fir die Stabilitdtsbewertung
als nicht valide einzustufen. Sie wurden in der Stabil-Liste® nicht berticksichtigt, zu-
mal sie im Widerspruch zu anderen von uns als valide eingestuften Untersuchungs-
ergebnissen stehen. Sehr umfangreiche Untersuchungen wurden beispielsweise zu
Bevacizumab Zubereitungen durchgefihrt [62, 68, 76, 78] und die Stabilitat der An-
briiche und Zubereitungen Uber mindestens 28 Tage gezeigt. Das gleiche gilt fur
Trastuzumab Zubereitungen fir die mit verschiedenen physikalisch-chemischen
Methoden gezeigt wurde, dass Stabilitat Gber 28 d gegeben ist [59, 77]. Zudem wei-
sen die Autoren bei den Prasentationen zu Cetuximab und Infliximab auf die nicht
konsistenten Ergebnisse der biologischen Aktivitdt und verschiedener HPLC-

Methoden hin, die sie nicht erklaren kénnen.
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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.

HCC

I

1 1

Very early stage (0) Early stage (A)

1 1 1

Intermediate stage (B) Advanced stage (C) Terminal stage (D)

Single< 2cm Single or 3 nodules < 3cm Multinodular Portal invasion Child-Pugh C
Child-Pugh A, PS 0 Child-Pugh A-B, PS 0 Child-Pugh A-B, PS 0 Extrahepatic spread PS 3-4
| Child-Pugh A-B, PS 1-2
Potential candidate for )
liver transplantation Single 3 nodules <3cm
No Yes—, Portal pressure,
bilirubin

Normal Increased —*

|

Associated
diseases

No Yes

}

l r "
Ablation | Chemoembolisation

BSC
CURATIVE TREATMENTS PALLIATIVE TREATMENTS

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 (PEIl), 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

e bland embolization (TAE),e.g. with superabsorbent polymer microspheres (SAP-
TACE) (75)

e radioembolization (TARE), i.e. local radiation therapy or selective internal arterial
radiotherapy (SIRT) with *°Yttrium loaded on micro-spheres. The spheres consist of
glass (TheraSpheres, MDS Nordion)(14) or resin (SIR-Spheres, Sirtex Medical) (76).

e combination of cytotoxic drugs with iodized oily fluid that takes a role in delivering
the chemotherapeutic agents (TOCE)

e 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. lllustration 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-
rasphere™), 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 um. 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 um,
75+ 15 um and 100 + 25 um, 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).

» DCBead®
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) um to the smallest size of 70-150 um (= 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 37.5 mg/mL (100- | 25 mg/mL (400-600um) | 50 mg/mL (40
300 um or M1) /75/100um)

Loading period 60 min 60 min 60 min

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

Drug release 272 % 18+7 % -

Size changes after | <20% - <5%

loading

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 um 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
um, 300-500 um) 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 um) is widely introduced into the market. Therefore it is im-
portant to evaluate the compatibility of the novel bead size 70-150 um 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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Take flip cap off DC Bead vial(s) but
do not remove metal around the bung.
Remove as much saline as possible
from DC Bead vial(s) using a syringe
and filter needle.

second needle to

if a filter needle is
flattened tip of

of vial to prevent

into the needie.

Using a syringe and needle add a
total of 5ml of irinotecan solution
(20mg/ml) directly into each vial
of DC Bead.

During the 2-hour loading period,
agjtate the beads occasionally. This
will help ensure effective loading.

A change in the bead colour from
blue to turquoise will be observed.

Pierce bung with a

eliminate vacuum.

not available, place
needle against side

beads being drawn

When loading time is complete, use an
18-gauge needle or equivalent to draw up
the loaded beads into a 20-30ml syringe.

Exchange needle for a 5-micron filter
needle or equivalent and expel excess
liquid from the syringe.

To prepare the foaded DC Bead for
injection, add 5ml water for injection
(NOT sodium chloride) and 510mi of
non-onic contrast medium per mi of
DC Bead. Mix gently to give a good
suspension. Inject solution at a rate
of Aml per minute.

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

Iman Sarakbi and Irene Kramer
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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 ll, 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 um=M1, 100-300 um) 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 um and 100-300 um 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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Abstract

Purpose: The aim of this study was to determine the compatibility of epirubicin-loaded DC bead™ with different non-
ionic contrast media over a period of seven days when stored light protected under refrigerated conditions.
Methods DC bead"™ (2ml) (Biocompatibles UK Ltd) of the bead size 70-150 pm {=DC bead MI) or bead size
100300 pm were loaded with 75 mg epirubicin powder formulation {Farmorubicin® dissolved in 3ml water for injection
to a concentration of 25mg/ml) or 76 mg epirubicin injection solution primEdac'x 2mgiml) within 2h or & h, respect-
wvely. After removal of the excess solution, the epirubicin-loaded beads were mixed in polypropylene syringes with an
equal volume (1.5 ml) of contrast media, i.e. Accupaque ™ 300 (Mycomed Inc), Imeron® 300 (Bracco S.pA), Ultravist®
300 (Bayer Pharma AG), Visipaque™ 320 (GE Healthcare) and agitated in a controlled manner to get a homogenous
suspension. Syringes with loaded beads in contrast media were stored protected from light under refrigeration (2-8-C).
Compatibility was determined by measuring epirubicin concentrations in the suspensions in riplicate on day 0, 1, and 7.
A reversed phase high-performance liquid chromatography assay with ultraviolet detection was utilized to analyze the
concentration and purity of epirubicin.

Results: Mixing of epirubicindoaded beads with diferent nor-ionic contrast media released 0. 1-0.5% of epirubicin over
a period of 24 b, irrespectively, of the DC bead™ size or type of contrast media. No further elution or degradation was
observed after seven days when the admixtures were stored protected from light under refrigeration.

Conclusion: Compatibility of epirubicin-loaded DC bead”™ with an equal volume of different contrast media in poly-
propylene syringes is given over a period of seven days. Due to a maximum elution of 0.1-0.5% of epirubicin from lcaded
DC bead™, admixtures with contrast media can be prepared in advance in centralized cytotoxic preparation units.
Microbiclogical aspects have to be considered when determining the expiration date of the product.

Keywords
Drug eluting beads, epirubicin, contrast media, compatibility, high-performance liquid chromatography assay

microcatheter. The embolic agent blocks the artery

Introduction

Hepatocellular carcinoma (HCOC) is a widespread pri-
mary liver tumor that ranks worldwide second in
cancer-related death.” Depending on the stage of
HCC, different treatment options are used which com-
prise surgical resection, transarterial chemo emboliza-
tion (TACE), systemic chemotherapy, radio frequency
ablation (RFA), selective internal radiation therapy
{SIRT) and others.’ TACE is also emploved in liver
metastases of colorectal carcinoma. The combination
of the cvtotoxic drug substance and the embolic agent
is locally administered to the mmor site via a

which feeds the tumor, leading to oxygen amnd nutrient
deficiency in the tumor bed. Simultaneous administra-
tion is feasible with drug-loaded microspheres, such as
DC bead™. DC bead™ consist of non-degradable
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Table 1. Physiochemical daracteristics of the non-ionic conrast media.

Contrast media Viscosity Viscosity Osmeolalicy
(brand nanme) Active substance pH value at 20F C {mPas) at 37°C (mPas) at IT°C (mO=m)
Accupaque™ 300 lohescol 6876 1.6 6.l &40

Imeron™ 300 lameprol 6572 8l 45 510

Uleravist™ 300 lapronnid 6580 87 46 610

Visipaque™ 320 ladizxanol 6877 26.6 (NE:] 90

hyvdropel microspheres, which are copolymerized from
polyvinyl alcohol (PVA) and unsaturated monomer
2-acrylamido-2-methylpropane  sulfonate {AMPS}.'1
The negatively charged sulfonate moieties of cross-
linked PV A-AMPS permit to load and release posi-
tively charged drugs, for instance anthracyclines like
doxorubicin and epirubicin (acting by DNA intercal-
ation and topoisomerase I1 inhibition) or camptothecin
derivatives like irinotecan or topotecan (acting by topo-
isomerase 1 inhibition).” The ion exchange capacity of
DC bead™ loaded with cationic cytotoxic drugs rep-
resents the mechanism of controlled release in the
tumaor. The loading level and release of catiomc drugs
are limited by the number of sulfonate moieties in the
microspheres. Stahility and compatibility of druog-
loaded beads are essential for safe administration.
Epirubicin represents the epimer of doxorubicin differ-
ing in the configuration of the hydroxyl group at C4 in
the sugar moiety. It exhibits the same antitumor activ-
ity like doxorubicin but less curdiﬁmxic-iv_-.-.” The phy-
sicochemical properties of epirubicin and doxorubin
are highly similar, and stability of epirubicin in aqueocus
solutions depends mainly on the pH. Acid induces
hydrolysis of the glveosidic bond and in alkaline solu-
tions degradation of the aglveone structure takes
place #'" Prior to injection the drug-loaded DC
head ™ suspension is mixed with non-ionic contrast
medium to gwde the injection to the targeted tumor.
The aim of the study was to determine the compatibility
of epirubicindoaded DC bead™ with different non-
ionic contrast media over a period of seven davs
when stored light protected wunder refrigeration
(2-8*C). The contrast media selected are those coin-
monly used during the TACE procedures by interven-
tivnal radiologists.

Material and methods

Two commercially available formulations of epirabicin
hydrochloride, ie. Epimedac 2mgfml, 100ml, injec-
tion solution (medac, Hamburg, Germany, lot
E130347B(052013) and Farmorubicin® J0mg HL,
rapid dissolution powder (Pfizer Pharmacia GmbH,
Berlin, Germany, lot 356014A) to be reconstituted
with 2ml of water for injection, were used for loading.

DC bead™ were received from Biocompatibles UK
Lid, BTG International Group Company, Camberley,
UK in the two smallest size ranges available: size 70—
150 pm (=MI), lot VIO413, size 100-300pm, lot
V10305, Each size is marketed in 10ml plass wvials
with 2ml beads suspended in 6ml physiological buf-
fered saline. The non-ionic contrast media utilized in
the compatibility tests were Accupagque™ 300, 50ml:
Imeron® 300, 300ml: Ultavist® 300 10ml  and
‘v’isipaquem 320, 50ml (Table 1)

High-performance liquid
chromatography method

Each sample was assayed three times by a validated
stability indicating high-performance liquid chroma-
tography (HPLC) assay with photodiode array detec-
tioni (PDYA) to analyvze the concentration amnd purity
of epirubicin. The HPLC system consisted of a
Waters 717 plus Autosampler, a Waters 510 HPLC-
pump, and a Waters 996 photodiode array detector.
Waters Empower pro, Empower 2 software, version
6.10.01.00 was used to acquire and analyze the data.
The concentrations of epirubicin were determined by
uwsing a Symmetry® column CIR (250 x 4.6 mm) with
a particle size of 3Spm  (lot 022338079, MZ-
Analvsentechnik, Mainz, Germmany). The mohbile
phase consisted of 27.5% acetonitrile (ACN) HPLC
Gradient Grade (lot 134 622, 251, Promochem,
Wesel, Germany) and 72.5% 0053 M potassiom dihy-
drogen phosphate buffer solution (PBS) (pH =4.6).
The PBS pH = 4.6 was prepared by solving 6.8 g potas-
sinm  dihwdropen  phosphate  (Merck, Darmstadt,
Cermany, lot ADIESI7TT031) in 1000 ml water HPLC
Gradient Grade (Applichem, Darmstadt, Germany,
251, lot 400009403). The pH was adjusted by using
B5% ortho phosphoric acid (AppliChem GmbH,
Darmstadt, Germany, lot TAD03123). The washing
solution consisted of 95% water HPLC grade and 5%
ACN HPLC grade. The flow rate was set at 1.5 ml/min,
and the injection volume was 10pl. PDA wave-
length was 190-600nm with the detection wavelength
of 479 nm. Under these conditions, the retenton Uime
of the epirubicin peak was about 5>Tmin (see
Figures 1 to 3) The identity of the epirubicin peak

Cownbmded fom cprageput com et UMNERSH TAE TSESBUC THEER MAME on Oocber 5 2015

99



Sarakbi and Kramer 3

010
000
Epirubicin Peak A
° 0080
i J P
l 0060
2
-0.0s0
| 000
-0.030
0020
Lo
-0.000
‘30000
400,00
10 200 300 40 50 B 7.5L-lbaéomlonﬂlm1£wub1dmt§m

Figure |. HPLC PDA chromatogram of epirubicin.
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Figure 2. Chromatograms of alkaline (| mol N2OH, pH |3) degradaded epirubidn solution (2 mg/ml); (2) without heating, (b) after
headng.
Peak no 6: undegraded epirubicin; peak no 2: glucose; other peaks: degradation products.
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Figure 3. Chromatograms of add (HCL pH 0.2} degradaded epirubicin solution (2 mgfml); (a) without heating, (b) after heating.

Peak no 3: undegraded epirubicin; peak no | =glucose; peaks no 1, 4 degradaton products.

was confirmed by concentration-dependent changes of
the peak area and PDA chromatograms. Run tifme was
st at 10min.

Surtabiltty of the HPLC assay

Suitability of the HPLC method was proven by analvzing
forced degraded samples of epirubicin injedion concen-
trate. The injection solution (2 mg/ml epirubicin) was
acidified with hwdrochloride acid in order to achieve pH
values of 0.2, 1.0, 2.0, and 3.6 and was heated in a water
bath at 60°C for 2h. The injection solution (2 mgml
epirubicin) was alkalinized with 1 mol sodiim hydroxide
solution o pH=13 amd heated in the same manner.
Solutions were diluted with phosphate buffer 1:5 and
assaved. Under alkaline pH conditions, the color of the
epirubicin solution changed from red to desp purple. The
peaks of the degradation products did not interfere with
epirubicin parent peak. After heating, intad epirabicin
was nol detectable any longer (see Figure 2). Acidic deg-
radation resulted in the hvdrolysis of the plyoosidic bond
and formation of the deep rad-colored aglyveone doxoru-
hicinon. The peak of the aglveone degradation product
did not mterfere with the epirubicin parent peak (see
Figure 3). These results confirm the suitability of the
HPLC method implemented.

Validation of the HPLC assay

The method was wvalidated following the ICH
Harmonised Tripartite Guideline for Validation of ana-
Ivtical procedures: text and methodology 02 (RI1).

Linearity and calibration curve

In order o stedy the linearity of the calibration curve,
epirubicin solutions of different concentrations (n= 15}
were prepared by diluting a 1:10 dilution Epitmdac"’
injection concentrate with calculated amounts of PBS
in order to achieve the nominal epirubicin concentra-
tions 3, 5, 10, 20, 30, 50, 80, 90, 100, 110, 120, 150, 170,
180, and 200 pg/ml. Aliquots of the calibration stand-
ards were injected in triplicate. The calibration curve
was constructed by analvzing plots of the peak area
versus epirubicin concentrations. The correlation coef-
ficient of R°=0998375 proved linearity over the con-
centration range. The equation of calibration curve was
v=0.9464 1 + 40283

Accuraocy

Accuracy was evaluated with four different quality control
solutions (20pg/ml, 50pg/ml, 100 peiml, 150peg/ml) and
five-fold mjection. The mean recovery was 100.05% +
0.27% (n=20). The accuracyv was 100.57 £0.24% for
A0 pefml, 99.844+0.71% for 50 pg/ml, 9964 41.72% for
100 jig/ml, and 10019 +£0.57% for 150 pg/ml.

Intra-day precision

Intra-day precision was determined by five-fold injec-
tion of four guality control solutions nominally con-
taining 20 pg/ml, 50 peiml, 100 pg/ml and 150 pgiml
epirubicin. Intra-day precision expressed as relative
standard deviation was 0.99% for 20pgiml, 1.54%
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for S0pg/ml, 1.33% for 100pg'ml and 1.94% for
150 pe/ml epirubicin.

Inter-day predsion

Inter-day precision was determined by fourfold injection
of four quality control solutions (20 pg/ml, 50 peiml,
100 pg/ml, 150 pp/ml epirubidan) on five different days.
Inter-day precision expressed as relative standard devi-
ation was 325% for 20pg/ml, 095% for 50 pgiml,
0.75% For 100 jugfml, and 0.89% for 150j1g/ml.

Limit of detection (LOD)

The limit of detection was calculatad by the equation
LOD =33 8D/s, where s represents the slope of the cali-
bration curve and 5D the standard deviation of the peak
area. The LOD amounted to 0.025 pgfml of epirubicin.

Limit of quantification (LOQ)

The limit of quantification was calculated by the equa-
tion DO = 10 5D/s, where s represents the slope of the
calibration curve and 5D the standard deviation of the
peak area. The LOOQ amounted to 0.075pgml of
epirubicin.

Experiments

Bead-slurry (B ml) either DC bead ™ 100300 pm or
DC beadMI™ was transferred via an IB-paupe
negdle into an empty 50ml or 10ml syringe made of
polyvpropylens (PP). After sedimentation of the beads,
the excess solution was expelled via a 3 pm filter neadle;
2ml beads remained in the syringe.

Loading of DC bead™ with 2 mg/ml epirubicin
hydrochloride solution

3Bml epirubicin injection solution 2mg/ml was trans-
ferred into a 50ml syringe. The syeinge was connectad
by a femalefemale connector o the 50ml svringe con-
taining the bead slurry and the epirubian solution was
pushed into the svrings. These experiments had to be
performed with Témg epirubicin referring (o clinical
practice and volumetric measurement of the drog solo-
tion with a 50ml syringe calibrated in milliliters. Loading
was performed under static conditions over a period of
6 h. Each test suspension was prepared in triplicate.

Loading of DC bead™ with 25 mgim| epirubicin
hydrochloride solution

Each vial of epirubicin powder for reconstitution 30mg
was  reconstituted  with 2ml water for  injection.

The resulting epirubicin concentration amounted to
25mg/ml; 3ml of reconstituted epirubicin injection
solution 25 mg/ml was drawn up into the bead contain-
ing 10ml syringe o load the beads with 75 mg epirubi-
cin under static conditions over a period of 2h. Each
Lest suspension was prepared in triplicate.

At the end of the loading period, the color of the
beads had chanped from blue to red and the color of
excess solution had become lighter. The excess solution
was removed from syringes by pushing it into empty
bags. Samples were withdrawn from the excess solu-
tions and the concentration of epirubicin measured by
HPLC. Prior to the HPLC assay, samples were diluted
with PBS (pH =4.6) 1:3 when Epimedac® was used for
loading or 1:40 when Farmorubicin® was used for load-
ing in order to oblain concéntrations in the range of
calibration curve. The loading rate was calculated by
using equation (1).

Loading rate (%)
initial drug concentration in excess solution
—residual drug concentration in excess solution }
initial drug concentration in excess solution
w 104}

i

Compatibility of epirubicindoaded beads with
different non-ionic contrast media

After removal of the excess solutions, the epirubicin-
loaded beads were mixed with different contrast
media (Accupaque™ 300, Imeron® 300, Ultravist®
300, ‘u’i_qipaqueT 320) in a 1:1 ratio and agitated in a
controlled manner to obtain a homopeneous suspen-
sion. Samples (0.3ml) were withdrawn via a Spm
filter needle and diluted 1:5 with PBS pH=4.6 on day
0, 1, and 7. Aliguots were injected three tmes and
assaved by HPLC in order to determine the remaining
loading level of epirubicin in the beads.

Calculation of the percentape rate eluted was per-
formed by the following equation:

Percentage rate eluted (%)
_ Epirubicin concentrationin contrast medium w 100
" Epirubicin concentration inloaded beads
2)

Results

The loading level of epirubicin in DC bead™
100300 pm amounted to 93% and 98% when 2ml
DC beads™ were loaded with 76mg of epirubicin
(injection formulation, 2mgfml) over 2h and 75mg
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Table L. Epirubicinloading levels of epirubicindcaded DC Bead™ [bead size 70— 150 pm, 1 00-300 pm) mixed with different contrast

media and stored protected from light under refrigeratdon.

Percentage rate epirubicn loaded (%) = R5D (n=13)

Contrast Cay 0 Dray O Doy | Dy 7
medium (CH) DC bead™ size before mixing with CM mixed with CH mixed with CHM mixed with CHM
Accupague™ 300 T0— 150 pm DBEI 044 9BEBI =013 9BEI 036 9B.70 035
SB03+ 044 98.03 029 98.03 =045 9780036
9B36+0.27 98.36 =050 9B.16 0003 98.20 + 054
100300 pm SBT3+ 02I 9873027 9B.63 035 9B.56 =011
9BE63I 021 9843072 98.43 = 005 9843 029
99461027 9925031 99.35 = 087 99.35 = 006
Ineeron® 300 T0— 150 pm 99360001 9.6 166 99.06 + 053 9. 16 035
9936 0.00 9. 16053 99.16 =059 99.26 + 065
99350100 99.13 =054 99.13 021 9913 =042
100300 pm 97430084 723000 9732020 9732029
T8I+ 124 WTETEOI YTET028 TEI0L4
9B29+ 057 98.20 =001 98.16 = 0L05 9B. 16 =021
Ulravise™ 300 T0— 150 pm P.IT7+033 9870003 9B.70 + 068 9B.70 + 042
9B99+ 040 9B.66 = 047 9863+ 122 9B.63 027
BT 029 9B49 101 9B.49 170 9719045
100300 pm 9BEBEX 1.95 9B660.12 98.66 + 025 98.56 = 0L15
SBEE+ 060 98.60 = 062 9860 1.18 9860+ 1.28
9BEI+ 054 9B.63 092 9802+ 138 98.02 039
‘uﬁsbaquem 20 T0— 150 pm 99421035 9925083 99250325 9913 =045
9060048 9B 015 9BBE 01T 9B.BE 016
9915+ 0,52 9894 =034 9B.94 =036 9B.94 + 048
100300 pm 9652+ 0.27 9642 = 040 96.42 + 004 96.42 + 06T
YTRT 065 97BE028 97 B6 = 0T5 97.86 = 062
9B44+0.38 98.30 + 006 98.20 + 0L0B 97.00 032

Maote: Percentage rnte expresed as memn + rebdve stindard deviation [RS0) of triplicee assys of euch test sohtion. Bemds were loaded with 25 mgimil

epirubidn loading solution.

epirubicin (powder formulation, 25mg/ml) over 6h,
respectively. The loading levels were about 1% higher
when DC beadM1™ 70-150pm were loaded. The
resulting loading levels amounted to 94% and 99%
for epirubicin solution 2 mg'ml and 23 mg/ml, respect-
ively. These results are in accordance with those
reported for doxomubicin loading, showing that higher
concentrations of the loading solution and smaller bead
sizes (due to surface area effects) result in fster load-
ing """ Mixing of various non-ionic contrast media
with the epirubicin-loaded DC bead™ (70-150 pm,
100-300um) resultad in a total release of only 0.1-
0.5% epirubicin over a period of 24h. Differences
depending on the DC bead™ diameter size and the
concentration of the epirubicin loading solutions
thereby did not get obviouws. Moreover, the release
rale was independent from the tvpe of contrast
medium wsed even though there are differences in the
physiochemical properties of the contrast media (see

Table 1). No epirubicin degradation products were
detected in the HPLC chromatograms. Detailed results
are piven in Tables 2 and 3. No further elution or deg-
radation was observed after seven days when the
admixtures with contrast media were stored protected
from light under refrigeration. With regard to the min-
imal release of epirubicin after mixing of loaded DC
bead™ with different contrast media, the admixtures
can be classified as compatible and stable over a min-
imum of seven davs when stored under refriperation.

Discussion

In order to determine the concentration and purty of
epirubicin, at first the HPLC method previously
reported by Sobczak et al. was implemented." But
the resulting epirubicin peak was not symmetnc and
feasible for accurate peak area calculation. Therefore,
an alternative HPLC assay was developed by testing
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Table 3. Epirubidn lcading level of DC Bead™ (bead size 70-150 pm, 100-300 pm) mixed with diferent contrast media and stored

protected from light under refrigeration.

Percentage rate epirubicin loaded (%) =R5D (n=13)

Dy O Dy O Doy | Dy 7
Contrast medium DC bead™ before mibeing mibeed mibeed mibeed
[CH) size with CHM with CHM with CHM with CHM
Aoc U|:mm:|t.|.~=_-r"'I 300 T0—150 pm 142 +021 9136037 9136+033 L0031
93.82 050 9378003 9307013 1 E4 2031
D06 =044 9388012 06018 9387012
100—300 pum 9139018 9136 +00I 9138032 9139+0213
TLTI=0.15 163002 9171 =059 9171 =037
155002 9150+ 008 9LIT 085 146+030
Imeran™ 300 T0-150 pm MIT 073 na. 9136+ 088 9136+ 001
B4 14 2031 na. Bl4 =000 B4.03 =057
G 49+ | B4 na. 9409+ 107 9409010
100300 pm 93.03 =060 na. 9193006 T1931+013
9312104 na. 184039 9193008
93.00+ 18I na. LBl 2011 9191 =050
Weravist™ 300 T0-150 pm .32 +0.74 904+ 1 90 9391 +0325 939015
Q56T +2.12 9537 1T 9537 LIB 9537 128
484 +0.75 94 54 + |57 94 54+ 1.38 94 54 + 039
100—300 pum 93142025 23142031 93.13x 056 93.13x 008
93.04 +0 51 9186099 9186015 9r8e 001
93.33 009 93.03 =069 93.03 061 9303029
Visipaque™ 320 TO-150 pm Q6. 17 =408 95.98 021 9597 =058 9597 =040
97.40 071 97.21 =009 97.21 =002 97.21 =054
D696+ | DB 6. 76 +037 6. TE+029 D676+ 084
100-300 pum .07 =364 39T 02 9397006 93.97 =040
M0+ 1.36 9IEY =047 93981021 FER-E AL
4. 1B 055 9407 + 066 407 2091 407 £021

Maote: Percentage rate expressed as mean + rebitive sandand deviation (RSD) of triplicate assiys of mch test solution. Beads were prepared with 2mgl

mil egirubicin loading solution
na- dota not avaibble becuse of tedmicl resons.

different tyvpes of columns and mobile phases (ACN:
Water and ACN: PBS in different ratios and different
pH values) as well as different flow rates in the range
from 0.7 ml/min to 1.3mlmin. Finally, a Syvmmetry®
column CI8, a mobile phase consisting of 72.5% PBS
(pH 4.6) and 27. 5% ACN, and a flow rate of 1.5 m]/min
revealed to be suitable for the separation and quantifi-
cation of epirubicin. This HPLC assay was shown to be
stability indicating and valid. OF note, minimal vari-
ations of the liquid phase caused shifts in the retention
time (see Figures 1 to 3). The small differences between
the epirubicin loading levels of the different test solu-
tions when the same bead sizes and the same concen-
tration of the loading solution were used are to be
explained by the loss of a few beads during the loading
procedure and preparation of samples. Therefore, the
results are given for each test combination on its oW

and not for the average of three test combinations.
However, it is obvious that the loading level of epiru-
bicin increases about 1% when DC bead™ MI is
loaded and otherwise unchanged parameters. This phe-
nomenon results from the larper surface area of beads
with a lower diameter and more efficient loading during
the same period. Using a 2mg/ml concentrated epiru-
bicin solution for loading the same loading efficiency is
only reached after a longer loading period. After 6h,
loading was not completed, but sufficient in order to
test the admixture compatibility with contrast media.
Like other cyvtotoxic preparations, the loading of
DC bead™ is in general performed in a centralized
pharmacy-based cyiotoxic preparation unit. As the
drup-loaded beads are administered admixed to con-
trast media, the question arises whether compatibility
of the admixmires is given and whether admixtures with
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contrast media can be prepared in advance by the phar-
macy staff. To give a valid answer to these questions,
the compatibility and stability of epirubicin-loaded
beads with four different non-ionic contrast media
which are conventionally wsed by the interventional
radiologists, were studied over a maximum period of
seven days.

The results confirm compatibility and stability of the
admixtures with different non-ionic contrast media.
The minimal percentage rates (0.1-0.5% ) of epirubicin
eluted did not allow the identification of differences
cauwsed by the bead sizes or the loading levels. OF
note, any influence of the viscosity or osmolality of
the various contrast media on the elution rate was
not verifiable for the same reason. Potential degrad-
ation products of epirubicin are not © be expected
amnd most probably existing only below the LOD.
Adsorption of epirubicin to the PP syringes or HPLC
glass vials can also be excluded. Hecg et al. also
reported stahility of doxorubicin after admixmre of
doxorubicin-loaded DC bead™ with Omnipaque 350
and storage over seven days under refrigeration.'” In
their experiments, higher concentrations of doxorubicin
and impurities were measured in the samples utilized
after seven davs. However, the experiments clearly
show that there is no sigmificant elution of epirubicin
or doxorubicin from loaded DC bead™ afier admix-
ture and storage with non-<onic contrast media. The
iomic binding of the positively charged anthracveline
drugs to the sulfonate groups of DC bead ™ is much
stronger than this of irinotecan, which is eluted by con-
trast media in a percentape rate up to 10% after
mixing. "

Conclusion

Compatibility of epirubicin-loaded DC bead ™ with an
equal volume of different contrast media in PP syringes
is given over a period of seven davs. Due to a maximum
elution of 0.1-0.53% of epirubicin from loaded DC
headTM, admixtures with contrast media can be pre-
pared in advance in centralized cyvlotoxic preparation
units. Microbiological aspects have to be considered
when delermining the expiration date of the product.
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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).

CHaCH,

pH E Ring

Carboxylate (open ring) HO .

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
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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 um=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 um) (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 pm
and 300-500 pum and storage refrigerated under light-protection (23). In addition the compati-
bility of DEBIRI (bead size 100-300 um, 300-500 pm) 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 pum) 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 um 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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ABSTRACT

Objectives Irinoiecan-loaded microsphees ak used
for simuttaneous embalisation and chematherapy of lfer
metastases of colorectal carcinoma. The aim of the study
was to evaluate the compafibility of secently introduced
DC Beadh! fead size 70-150 wm) loaded with
irinotecan after admixture with different types and
volumes of non-ionic contrast media over 3 maximum
period of 24 h and storage at room tempemture.
Methods Test suspensions wem prepared by loading

2 mL DC BeadM 1 with 100 mg irinotecan within 2 h.
The loading effidency was determined by measuring the
concentrations of irinotecan in the exces solutions via a
reversed phase high pressure liguid chromatography (RP-
HPLC) assay with ultmviolet detection. The compatibility
of irinotecan-loaded DC Beadh ! with different types
and volumes of contrast media was studied by miing

2 mL loaded bead shary each with up to four diffesent
volumes (5, 10, 20, 30 mL) of seven different contrast
media. Samples were withdrawn after 30 min, 1, 2, 4, 8
and 24 h. Admictures wese stored light protected at
room tem perature over the observation period. The
concentrations of eluied irinotecan were measured in
triplicate samples wsing the RP-HPLC assay.

Results Miding of irnotecan loaded beads with non-
jonic contrast media decreased the irinotecan loading
efficiency between minimum 2.5% and maximum 17%
over the observation period of 24 h. The rate and
amount of irinotecan ehsted from the beads varied
relying on the type and volume of contrst madium
admixed. However, no further elution or degradation
was observed after the mpid rlease during the first 8 h.
Conclusions Because of the rapid and extensive
release of irinotecan, it i not recommendable to prepare
admixtures of irinotecan-loaded DC Beadh 1 with
contrast media in centralised oytotoxic preparation units
in advance. Admbdure should be performed with the
smallest pessible amount by the radiclogists immediately
pricr 1o the delvery procedure.

INTRODUCTION
Colorectal cardnoma (CRC) is a widespread oype
of cancer, reported o be the second and third mos
often diagnosed cancer in female and male padents,
respectively.' Although treament options improved
during the pas years in the deweloped countries,
maortality & sall high.® Besides surgery of the loca-
lised camcinoma, mulimodality therapy comprising
chemotherapy regimens, radiarion and pallianve
care are wed o mear advanced CRC?

Tramsarterial chemoembaolisadon (TACE) is an
outsanding technique used o wear liver cancer and
also liver metstases of CRC and other tumours. By

local adminisrarion of drug-eubng microspheres,
high concenmadons of antineoplastic drugs and
embolisation of the arteria supplying the tumour are
accomplished. Simultaneos adminisrarion of the
embolisng and pharmacological princples in the
form of a drug device combimaton, like DO Bead,
represents the most advanced type of TACE.S DC
Bead allows the load of cadonic drugs and the con-
trolled release of the orrotowic agent within the
tumour bed. The D Bead microspheres consiss of
a polyvinyl aloohol backhone oross linked with
unsarurated Z-aarylamido-Z-methylpropane sulfon-
ate sodium salt to obtain negarively charged sulfon-
ate moieties, which allow the loading of @donic
drugs. Among the typically loaded anommour
drugs are docorubidn, epirubicin, topotecan and iri-
notecan, each in the hydrochloride sale form. The
positively charged drugs are loaded and released in
a conmolled manner through an jonic charge-
charge interacion. The drug-loaded beads are admi-
nistered via a microcarheter after mixing with non-
ionic contrast media (CM) o guide the injecrion
and o facilitare the selectve delivery of the drug
elutng beads (DEB) to the mrgeted tumour.
[rinotecan & a semisynthetc analogue of camp-
tothedn acting as topoisomerase-1-inhibitor after
systemic and locoregional adminisration.” ® It is
used in combinarion with fluorouracil and mono-
clonal andepidermal growrh facor receptor or anri-
vascular endothelial growth factor anobodies in
patdenss suffering from memsaric or unresectable
CRCS Irinotecan (CPT-11) is mpidly memabolised
by hydrolyzis of the carbamate ester maoiety by liver
carboxy lesterase o SN-38. Irnotecan and its active
metabolite $M-38 bind to the wpokomerase 1—
DMA complex (specifically in the S-phase of the
cell oycle) forming a wiple complex, which prevens
religarion of DMNA srands, and overlaps with the
replicaion  fork. Therehy DMNA  replicarion is
stopped, and the irreversible damage mesuls in cell
death.” The intact lactone ring of irinotecan and is
derivatves & a prerequisite for oyroroxic actviry.
However, the lacone srrucmare is sensitive to pH
changes, and undergoes mversible  hydrolysi.
Acidic pH values (pH=3.5) favour the lacoone ring
form while alkaline condirions induce ring opening
and lack of cytomade actvitg.™ High loading ffi-
ciency and adequate smbility of inract irinotecan o
the DC Bead microspheres (bead sze 100-300 pum})
has been proven by in viro smdies some years
agon.® ' The beads wmin the lacone smbility and
prolong the half-life of the lacoone form, which can
provide an improved antcancer effec.® Mixing of
2 ml. irinocecan-loaded beads (DERIRI) (bead size
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100300 pwm, 300-300 pm) with 6.5 mL non-ionic contrast
media rapidly decreased the loading efficiency of irinotecan by
591097 More recendy, DC BeadM1 (bead size 70-150 wm)
was introduced in the market. The aim of thes experiments
was to cvaluare the compadhility of the novel bead size 70-
150 pm loaded with irnotecan (100 mg/2 mL) and mixed with
seven different non-ionic conmast media, which are commonly
used by radiologiss o guide the administraton of DEBIRI w
the wargeted mmour site. Compathility was planned m he
studied with up o four different volumes (5, 10, 20, 30 mL) of
non-ionic contmst media over a maximum period of 24 h while
stored af mom emperarre.

MATERIAL AND METHODS

[ BeadM1 (bead ske 70-130pm, bt VI0&47-DEV-(DZ
2017) was received from Biocomparhbles, BTG, Camberley UE,
as a grant. The DC Bead wvials were labelled as R&cD only, Mot
for Human Use. Each 10 mL DC Bead vial contans 2 ml. beads
and & mL physiological buffered saline.

Commerdally available [rinotecan Accord 20 mg/ml., 25 mlL,
Mcoord Healthaare, Sape Howmse, 319 Pinner Hoad, North
Harrow, Middlesex, UK, (lot: P11760-({0%2015) contains nom-
inally 300 mg irinotecan HC 3 H,O.

The samples were prepared in Omnific polypropylens (PE)
syringes Luer Lock Solo 20ml (lor: ZB24048-(02201%), B
Braun Melsngen AG, Mekungen, Germany) or Original
Perfusor syringes 30 mL (Jor: 1301982027, B Braun Mekungen
AG, Melsungen, Germany). The syringes were used a5 primary
packaging marerial.

The non-ionic conmast media used in this sudy were
Accupague 350 (100ml, CH-B: 123223355-{12/2016), GE
Healthcare  Buchler,  Braunschweig, Germany;  iohexol-
conraining Accupaque is also marketed under the made name
Omnipaque), Imeron 400 MCT (200 mL, CH-B: 3110592-(0%
2018), Bracco Imaging Denschland, Konsanz, Germany),
Optiray 300 (50 mL, CH-B: 13]2685-{09/2016), Mallinckmdr
Deumchland, Hemnef, Germany), Opriray 350 (30 ml, CH-B:
13G092 14-(06/2016)), Solumas 350  (50ml, CH-B:
3G09214-07/2018), Bracco Imaging Deumchland, Konsanz,
Ciermany), Ulravist 370 (30ml, CH-B: 41872C-(02/2017),
Bayer Virl, Leverkusen, Germany) and Xenedx 350 (30 ml.,
CH-B: 13WFMEF-{10/20168), Guerbet, Sulzhach, Germany).

HPLC assay

The irinotecan concentrarions were determined by msing a previ-
ously published, validared reversed-phase HPLC method.® The
HPLC sysem consisted of a Warers 510 HPLC pump, a Warers
PDA-Detector 996 and a Waters Autosampler 717plus Warers
Empower pro, Empower® software, W6, 1000100 was wed
acquire and integrate the dara The separaton was performed
with the PerfecrChrom 100CHN column, partde size § pm, 250
mm *4.6 mm (M- Analysentechnik, Mainz, Germany).

The mohile phase wed consised of 75% 002 M potasium
dihydmgen  phosphate  solurion  (172g  KH.PO,  (loc
AMO44477 402, Merck, Darmstadr, Germany) dssolved m
1L water HPLC Gradient Grade (lor: 40009403, 2510,
Applichem, Darmsmde, Germany)) plus 25% of acetonirrile
HPLC Gradient Grade (lot: 134622, 2.5 L, Promochem, Wesel,
Ciermany). The injecton volume was 20 pl. and the flow rae
LOmL/min. The detector wavelengrh was set ar 225 nm and
the run tme at 15 min. Under these conditions, the retendon
time of lactone-ringclosed irinotecan amounted to about 9 min.

Calibrarion was performed with eight concentrarions of irno-
tecan solutdons mnging from 15 to 200 pg/ml and threefold

injection. The resulting calibradon curve consrructed from plos
of peak area versis concentmton showed linearity with a correl-
aton coctiicent of L9982,

Inraday predsion of the HFLC asay was determined by five-
fold injeaion of three sandard concenmagons of irinotecan
solutons 50, 110 and 175 pg/ml on the same day. The relanve
505 amounted o 0.63% for 50 pg/ml, 0.66% for 110 pg/'ml
and 2.7% for 175 pg/ml.

[n order to determine interday predsion, freshly prepared iri-
notecan solutions of the concenmarions 30, 50, 100 and
150 pg/ml. were injected four nmes on five different days. The
interday precision given a meladve S0 (%) amounted o 1.6%
for 30 pgml, 25% for 50 pg'ml, Z4% for 100 pg' ml and
0.2% for 150 pg/mlL.

Loading of DC BeadM T with 20 mg/mL irinotecan hydrochloride
solution (100 mg nominal dose)

The content of a [ BeadM1 vial was transferred to a 20 mL
PP syringe {(when 5 or 10ml contrast media were added) or
to a 50 mL syringe (when 20 or 30 mL of conmast media were
added) via an 18-gauge needle. The packing soludon was
removed via a 5 pm flter needle untl recetving a visnally dry
bead slurry mixmire. Five millilieres of irinotecan nfusion con-
centrate (ie, nomimal dose 100 mg) were added w the D
Bead shary in the PP syringe, and the admixmre was agitared
in a conmolled manner (inverting the syringe 10 rtimes).
During the following loading process, admixmres were not
agitated. Each test suspension was prepared in miplicare. In
wwtal, 51 DO BeadM vials were loaded with irinotecan hydro-
chloride (30 mg/1 mL beads). According o the caloulaed
value and experimental results, the sulfonare sies n 1mL
beads are samrared with 30 mg irinotecan through charge-
charge interaction, and further addinon does not increase the
loading efficiency.'”

Afrer 2 h oof loading, the beads had senled down in the syr-
inges, and the excess solurion was removed through a 5 pm
fileer needle. In order o maintan the hydradon of the loaded
DC Bead, 2 ml of warer for injecdon (WFI) (Agua ad iniecr-
ahilia, 50 ml, lot: 51311199 (31082017), Deparment of
Pharmacy, Universty Medical Center, Mainz, Germany) were
added to each syringe, the syringe closed by a combi swopper
and again inverted 10 rimes. DEBIRI were sored ar room tem-
pemmre under light protecion (covered with aliminium foil )
over a period of 24 h

From the exces solurions removed after the loading proced-
ure, 0.5 mL samples were withdmwn via a 5 pm fileer needle
into 1 ml B} Luer-Lok dp, and the concenmraton of rinotecan
was measured by HFLC. Prior to the HPLC assay, samples were
dilured 1:4 with 0.9% Nall soludon (Infuson Solution,
100ml, freeflex infusion bag, lor: 13HBES051 (D1/2016),
Fresenis Kabi, Bad Homburg, Germany) in order to fir the cali-
bmton airve. Samples were aadified with 10 pl 1% Ha PO,
(83% orthophosphoric acid,  lor: 3RO04802, AppliChem,
Darmaadt, Germany diluted o 1% phosphoric acd with water
HPLC Gnrdient Grade) w pH 3.5, thereby favouring the
lactone form of rinotecan. Samples were assayed in oriplicane,
and the percentage rare of irinotecan loaded caloulared:

Loading rate (%)

initial drug concentraton in solutdon
—reddual drug concenmration in - solurion

%100 (1)

initial drug concentration  in solurion
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Compatibility of irinotecan-loaded DC BeadMT with different
non-ienic contrast media

To each syringe conmining a suspension of DC BeadMT in 2 mL
WFL the predetermined volumes of the seven different conrrast
media were added, and the admvmres were agitared in a con-
trolled manner by inverting the syringe 10 omes ar each prede-
termined inrerval in order to measure the amount of irnotecan
eluted into the injecton admixmure (WFI and non-ionic CM).
During the observarion period, the tesr suspensions were stored
light proceced ar mom tempemmre. 0.5 mL aliguots of the
supernatmnt soluton were withdrawn via a 5 pm fler needle
after 30min, 1, 2, 4, § and 24 h of storage. Aliquots wene
dilured 1:25 wirh 0.9% MNaCl soluton, acidified wirh 10 pl 1%
H: POy, and assayed in triplicate by HPLC. The percenmage rare
of irinotecan remaining loaded in the heads was calaulared by
the equation:

Percentage rate of rinotecan remaining loaded after
admixture with CM %)
drug concentration in soluton before admixmire

_ —drug concenmraton in soliton afrer admivmre

= 100
drug in solution before admixrure .

()

RESULTS

The avemge loading level of irinotecan measured was 99.58%
per 2 ml D BeadMI, varying from 99.47% m 99.73%. The
loss of ndividoal beads durng the loading procedure was
minimal, and only minimal differences were observed berareen
the measured concentrarions and the nomimal concentrafon of
100 mg irinotecan per 2 ml DC BeadM1 loaded.

When up to four different volomes of seven different conrrast
media were admixed to the irinotecan-loaded DO BeadM1 ss-
pensons, significant amounts of irinotecan were duted depend-
ing on the rype and volume of contrast medium added. In
addirion, the type and volume of contmst medium added, deter-
mined the elution rare. When 5, 10, 20 and 30 mL of Opuray
300 or Opriray 350 were admixed to irinotecan-loaded DO
BeadM1, after a period of 30 min, abour 1%-2%, 3%, 4%, and
Elp-94% of the irinotecan was elited (see Agures 1 and 2). The
higher the volume of Optdray 300 or Optiray 350 admixed was,
the more rapid irinotecan was eluted from the beads Ower the
next § h, the percentage rate of irinotecan released went up o

2%, 5%, 7%-9% and 12%-16%. After 8 h, the equilibrium of
the exchange was almost achieved During the following 16 h,
only small additional amounts of irinotecan were duted.

When 20 or 30 ml of Imeron 400 MCT, Ulmavis 370,
Solumas 370 and Xenetix 330 were admived to irinotecan-
loaded D¥C BeadM1, the eluted amount of irmotecan increased
in each case when the bigger volumes of conrmst media were
used (eompare figures 3 and 4). Irinotecan was released in large
part after 8 h, and only small additional amoune were released
undl to the end of the chservarion period of 24 h.

For Accupaque 330, only one scenario was tested. Admixng
30mlL of Accupaque 350 to irinotecan-loaded DO BeadM1
cansed the melease of 4% irinotecan afrer 30 min and 7% after 8
and 24 h

In figure 4, the amouns of irinotecan elured afrer admidng
the same volume, thar &, 30 mL, of each conras medium o the
loaded beads are given in order o illusmte the influence of the
type of contmst media admived Abour 3%-3% of rinotecan
were released after 30 min and 5%-7% after 24 h when Imeron
400 MCT, Accupaque 350 and Solumras 370 were added.
However, in the case of Xenetux 350, the amount of rinotecan
released mereased from 3% after 30 min to 12% after 24 h of
admixmue. When Optray 350, Ulravist 370 and Opdray 300
were admixed, the migal rdease amounted to 70-8%, and
increased o 14%-17% after 24 h. The differences in rare and
amount of irinotecan meleased are to be explained by different
osmolalities and viscosities of the commst media producs
{compare tahle 1). Mo degradarion producs of irinotecan were
detecred in HPLC chromarograms of the admixtures. However,
because of the rapid release of irinotecan, compathility of the
admixtures of DEBIRI with conmast media is not given.

DISCUSSION

Frior to the delivery via a microcatherer, drug-loaded micro-
spheres have o be admixed with conrmst media in order w
guide the adminimadon. There are different factors known o
influence the comparibilicy of drug-loaded beads with conmrast
media. During the comparibility sudies the bead  size
(70-150 pwm) and the type and amount of drug-loaded (irinoce-
can, 100 mg'2 mL beads) remained unchanged whereas the orpe
and volume of conrast media varied These parameters were
chosen becanse small bead sizes are preferably used nowadays,
and irinotecan is known o he more rapidly elured afrer

Figure 1 Parcentage rate (%) of EL i
irinotecan eluted from DEBIRI after 18 8T
mixing with diferent volumes of - ] y =
Optiray 300, Error bars indicate the E 16 il 116w
relative SD. 3 / 5
& 14 - v + 14 g
7 :
et 12 o 30 mL optiay 300
£ .0 s
'§m }_I W= 10 mL Qptiray 3006
=8 Y ! E— —4& g ——smLoptiray300
[ | P 1 |
£ 3 I;L-*"' = 6 " 30 mL Optieay 300
o il T
B —C
2 r... = 1 &
o T T T T 0
a 2 4 6 & 10 1 14 16 18 2w 22 24
Time {hours)
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Figure 2 Percentage rate (%) of “

irinotecan eluted from DEBIRI after 18

mixing with differant volumes of

Optiray 350. Exror bars indicate the 16

relative SD. »
12

12

= 10 ml Oplirey 350

-}‘—_' - i 10 i Ooptiray 350

Asunt of iFnotecan eluted (mg]

admixmre with conmast media than doxorubicn.® ' Various
types and volumes of conrrast media were tesred with regard
clinical pracrice. The volime of conrrast media used to adminis-
ter 2mL of beads depends on the dinical simarion. With an eye
to dinical practce, 5-30mL of contras media was chosen o be
tested. Bhnk or reference soludons were not tesed because it &
well known thar irinotecan & not released when the loaded iri-
notecan beads are placed in defonised warer.® ' In order w
determmne the clidon rare of irnotecan in the admxmres
samples were withdrawn ar different predetermined tme inter-
vals up to a period of 24 h. Therehy, the influence of the type
and volume of conmras media on the eludon rate gor obvious.
There are no studies published investigaring the companhiliny
of DEBIRI with sich a broad spectrum of conmas media In
our previous studies rcgnrding DEBIRI, we wmed 6.5 mL of
three different contrast media.” Afrer 24 h, the amount elured
was abour 3% in admixtures with Imeron 300, 10% with
Ultravist 300 and 10% with Accupaque 300. The elution of the
drug loaded in the beads iz determined by the ion-exchange
mechansm and the diffusveconduaive manspore of the drug
from beads.® '" Because irinotecan has no self-aggregaton prop-
ertics, the release rare depends on the ionic interactons with
the sulfonare moietis of the beads only, and the elidon is muach
faster than for doworubicin and epirubicin. The differences in

Figure 3 Parcentage rate (%) of “

irinotecan eluted from DEBIRI after 1B 4
mixing with 20 mL of six diferent
nof-ionic contrast media. Ermor bars
indicate the reative SD.

—=— 5 mlL ey 350
—+— 13 ml Opbiray 150

Parcantage rate (%) of idinatesan sluted

B 1 12 14 1E 18 20 1 2
Timez | hours]

rare and amounr of irinoecan released afrer admidrure of
DEBIRI with conmas media are o he exphined by different
formubitions, smoklites and viscosrties of the formulared con-
mast media (compare table 1). The sworage tempemmre influ-
ences the release by higher diffusion cocfficents and wvia the
impact on viscodty of the solugons, High oamohllity and low
visonsity favour the eliton of irinotecan. This exphins the low
amount of irnotecan elured from loaded beads after admixrure
with Imeron 400 MCTand Accupague 350, On the other hand,
for Orpriray 300, which fearures low osmaolality and low viscos-
iy, a rapid inirial release and the highest amount of rinotecan
released was derecred. In acoordance with the Swkes equarion,
high viscosity reduces the diffusion coeffident and the elurion
race of irinotecan, which might be an argument for preferential
use of high-viscodty conrass media in the TACE procedures.
Physicochemical sahility of irinotecan-loaded DC BeadM1
was shown over a period of 28 days® Due o addificarion (pH
<3} of the test mmples before rumming the HPLC asay ring-
open and ring-dosed irinotecan are derermined as a sum, and the
influence of the pH of the conrrast media on laccone-carbosoylate
equilibrium remaire unknewn. Of note, the pH valus of the
pure contmst media are very similar. Becanse it is already kmown
thar loading of irinotecan into the beads shife the equilibrium

herween the acwe lactone and carboxylate in favour of the
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Figure 4 Parcantage rate (%) of 07 [
innotecan eluted from DEBIRI after 18 18
mixng with 30 mL of seven different T =
non-ionic contrast media. Error bars = 16 L 16 5
indicate the relative SD. E . -
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lactone form, the influence of the conmrast medium on the
pH-dependenr equilibrium is moa probably a subordinate one.
Tang et al® showed thar the major fraction eluted was the hetone
form when the beads were phced in phosphate buffered soludon
(PBS) with neumal pH. The haltlife of the lactone form elured
into the PBS depends on the size of the beads, and suggests char
the higher lactone fraction is favoured by sistmined release from
larger bead szes.® The high loading concenmations of the heads
(30 mg/mL) also increase hydrophobicity of the loaded heads
and remin the drug ehition rate. '

Mo degmdarion produas were detecred, and the elurion of
irinotecan is testified as the only relevant incomparihilicy param-
eter. Moreover, during the assay validadon tests, pure irmotecan
drug solution was admixed with contrast medium, and the iri-
notecan content determined as a sum remained unchanged
However, the amount of irmotecan inidally released was (except
for Imeron 400 MCT) =5 mg, which corresponds to 25% los
of irinotecan loaded when 30ml of comrasr media wer
admixed Therefore, the admixtures are cateporised =
incomparihle.

COMCLUSION
The amount of rinotecan released from loaded DC BeadMI

afrer admixture with seven different conrass media added up w

Table 1 Prodect charactenigics of the non-onic contrast media
used (according to the summary of product characteristics)

Time (howrs)

2.5% and maximum 17% of the loaded amount over the obser-
vadon period, depending on the type and volume of conmast
media used. Becanse of the rapid mlease (3%0-9%) during the
firg & b, it is not recommendable o prepare the admixmre of
irinotecan-loaded beads with the bead size 70-130 pm with
contmst medinm in cenmalised cyotoxic preparation units in
advance. Admperures with conrrast media should be performed
with the smallesr possible amouns by the radiologiss immedi-
ately prior to the delivery procedure.

What this paper adds

What is already known on this subject?

»  Mibctures of non-ionic contrast media and | caded
microspheres are used for simuftaneous chemoembo lisation
of liver tumours and metastaces,

» Mixing of irinotecan-loaded beads (size =100 pm) with
selected non-onic contrast media rapidly deceases the
loading efficiency of irinotecan by 5%-10%.

What is not yet known?

» Compatibility of the irinotecan-loaded DC BeadM] (size
70-150 wm) with non-ionic contrast media is unknown.

What this study adds?

+ Scentifically proven data about the rapid decease of the
loading efficiency of irinotecan-loaded DC BeadMT (size

Csmolality 70150 wm) after admixture with up to four volumes of
Vimsity  Viscosity at3TC seven different non-ionic contrast media.

Contrast Active pH at H°C at3ITC  Oemikg » The mcommendation not to prepare admixtures of
- - - = - irinotecan-loaded DC BeadM1 with contrast media in
Acapaque  lohewol 6E-75 133 105 078 centralised oytotesic preparation units in advance.
=0
Imeon 400 lomeml  69-72 - 126:11 0TI
MCT
Opfray 300 howersal 60-74 82p5%) 55 0645 Contributors Flanning and mparfing the sudy: 15, IT and K. Conduct of e
Opfeay 350  lvesll 6074 14350 90 0.78 study: 15 and JT.
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Uliensi370  kpromide  65-80 201 35 ot group camgany, Camberiy, UK.
Menetx 350 Mohiddal 73 n 10 0915 Competing interests Mane.

Provenance and peer review Mot commssionad; acemaly peer mvianed.

42 Samkhi |, ef &l. For J Hosp Pharm 2018:23:38-43 . daiz10.1 136/&fmh am-2 015000668

113




Original article

REFEREMNCES

1

Fearey | Sompeataem |, Bk M, & & Ghbocan 2012 v 1.0, Cancer inddence
and Motaly Woddeide MRC CamwerBaze Mo, 17 Lyom, France: nfemational
Ngency for Resesach on Camces, 2013 hmpehghobocan iaer f (accessed Dec 2013)
lemal b, By F, Cemer MM, &f &l Global camer siatgics. CA Gancer § Clio
H116169-90.

Curmingham D, Atkin W, Lenz Hl, et &l Cobomeaal cander. | ance
0103752105047,

Biocompaibles UL, Abou D Bead™, i www big- e o peoduci - 3220
ko3 Mo o e (acceased] Dec 20131

Chibauded B, Toumigand C, fndrd T, & & Thempanic sydagy in unmeecake
melastatc cobmental cancer. Ther Ack Medl Dol 201 247589

ASkeni C, T M, Bere G, & &l Teeme-anterial dhemoembolzation (TACE) of Buer
metastases fam colomeaial cancer using Mnoecandutng beeds: preleingy
s Andicance Re 2006 ME3TA3-46.

1

114

Thigsen |, Krimes | Pryshoochesical sizbily of Moot npoon ondenyde
and diluned infusion solutors in PVC bags 1 Ol Pharm Fratice
200E115-21.

Tag ¥, Couamen PR, Chung 5T, & & Presenation of e ade laoone fom of
Iemoiean wsing deug dutng besds for the tesmment of cohomertal canoes
metasiases, § Conio Riekade 2008;127:70-8.

Kaiser | Thiesm | Krleer L Stakility of oot ecan- baded drug ebutng beads (D0
Bead™) wsed for tmrmanedal demoembolsdion. § Oncd Pham Pradice
EODSLETE N

Tayfor R, Tang ¥, Gorcalez MV, ef &l Mnoiecan drug eluting beads for e in
dremoerbal Ao nvim ad invio ealudion of dug sexe propertes. Fur J
Phame & BOOT30T-14.

Hec ID Lews AL, Vanberkbemen D, & &l Doxorubicin-boader deug-alutng beads
(DL Bead) for wse in Tersaredd demesbal dion: a sy sseccmen.

1 O Pharin Praed 2013196574,




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 10* 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 hon-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, KCI
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©O 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 pum (M1) and 100-300 pm) with commonly used non-ionic contrast media. Compati-
bility was studied by mixing2 mL DC Bead™ (Biocompatibles UK Ltd) with diameters of 70-
150 um (= M1) and 100-300 um 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 um) 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 um) 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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