
 

 
 
 

https://openaccess.leidenuniv.nl 
 

License: Article 25fa pilot End User Agreement 

This publication is distributed under the terms of Article 25fa of the Dutch Copyright Act (Auteurswet) 
with explicit consent by the author. Dutch law entitles the maker of a short scientific work funded either 
wholly or partially by Dutch public funds to make that work publicly available for no consideration 
following a reasonable period of time after the work was first published, provided that clear reference is 
made to the source of the first publication of the work.  

This publication is distributed under The Association of Universities in the Netherlands (VSNU) ‘Article 
25fa implementation’ pilot project. In this pilot research outputs of researchers employed by Dutch 
Universities that comply with the legal requirements of Article 25fa of the Dutch Copyright Act are 
distributed online and free of cost or other barriers in institutional repositories. Research outputs are 
distributed six months after their first online publication in the original published version and with proper 
attribution to the source of the original publication.  

You are permitted to download and use the publication for personal purposes. All rights remain with the 
author(s) and/or copyrights owner(s) of this work. Any use of the publication other than authorised under 
this licence or copyright law is prohibited. 

If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, 
please let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make 
the material inaccessible and/or remove it from the website. Please contact the Library through email: 
OpenAccess@library.leidenuniv.nl  

 
 
Article details 
Nejadnik M.R., Randolph T.W., Volkin D.B., Schöneich C., Carpenter J.F., Crommelin 
D.J.A. & Jiskoot W. (2018), Postproduction Handling and Administration of Protein 
Pharmaceuticals and Potential Instability Issues, Journal of Pharmaceutical Sciences 
107(8): 2013-2019. 
Doi: 10.1016/j.xphs.2018.04.005 

https://openaccess.leidenuniv.nl/handle/1887/1
https://openaccess.leidenuniv.nl/
mailto:OpenAccess@library.leidenuniv.nl
https://openaccess.leidenuniv.nl/handle/1887/1�


lable at ScienceDirect

Journal of Pharmaceutical Sciences 107 (2018) 2013-2019
Contents lists avai
Journal of Pharmaceutical Sciences

journal homepage: www.jpharmsci .org
General Commentary
Postproduction Handling and Administration of Protein
Pharmaceuticals and Potential Instability Issues

M. Reza Nejadnik 1, Theodore W. Randolph 2, David B. Volkin 3, Christian Sch€oneich 4,
John F. Carpenter 5, Daan J.A. Crommelin 6, Wim Jiskoot 1, *

1 Division of BioTherapeutics, Leiden Academic Centre for Drug Research (LACDR), Leiden University, Leiden, The Netherlands
2 Department of Chemical and Biological Engineering, University of Colorado Boulder, Boulder, Colorado 80309
3 Department of Pharmaceutical Chemistry, Macromolecule and Vaccine Stabilization Center, University of Kansas, Lawrence, Kansas 66047
4 Department of Pharmaceutical Chemistry, University of Kansas, Lawrence, Kansas 66047
5 Department of Pharmaceutical Sciences, University of Colorado Denver, Aurora, Colorado 80045
6 Department of Pharmaceutics, Utrecht Institute for Pharmaceutical Sciences (UIPS), Utrecht University, Utrecht, The Netherlands
a r t i c l e i n f o

Article history:
Received 2 February 2018
Revised 18 March 2018
Accepted 6 April 2018
Available online 14 April 2018

Keywords:
protein aggregation
protein formulation(s)
stability
chemical stability
physical stability
biotechnology
degradation product(s)
global health
photodegradation
* Correspondence to: Wim Jiskoot (Telephone: þ31
E-mail address: w.jiskoot@lacdr.leidenuniv.nl (W.

https://doi.org/10.1016/j.xphs.2018.04.005
0022-3549/© 2018 American Pharmacists Association
a b s t r a c t

The safety and efficacy of protein pharmaceuticals depend not only on biological activity but also on
purity levels. Impurities may be process related because of limitations in manufacturing or product
related because of protein degradation occurring throughout the life history of a product. Although the
pharmaceutical biotechnology industry has made great progress in improving bulk and drug product
manufacturing as well as company-controlled storage and transportation conditions to minimize the
level of degradation, there is less control over the many factors that may subsequently affect product
quality after the protein pharmaceuticals are released and shipped by the manufacturer. Routine
handling or unintentional mishandling of therapeutic protein products may cause protein degradation
that remains unnoticed but can potentially compromise the clinical safety and efficacy of the product. In
this commentary, we address some potential risks associated with (mis)handling of protein pharma-
ceuticals after release by the manufacturer. We summarize the environmental stress factors that have
been shown to cause protein degradation and that may be encountered during typical handling
procedures of protein pharmaceuticals in a hospital setting or during self-administration by patients.
Moreover, we provide recommendations for improvements in product handling to help ensure the
quality of protein pharmaceuticals during use.

© 2018 American Pharmacists Association®. Published by Elsevier Inc. All rights reserved.
Introduction

In the past 2 decades, protein pharmaceuticals have become the
fastest growing class of therapeutics because of their beneficial
impacts in the treatmentof severe and life-threatening conditions and
diseases.1 Development and manufacturing of protein pharmaceuti-
cals is, however, challenging and requires overcoming various
manufacturing hurdles such as issues with the purity of the protein
product. Common impurities include protein producterelated
degradants (e.g., protein aggregates, fragments, and chemical degra-
dants) and nonproduct, manufacturing processerelated materials
(such as process residuals; host-cell proteins/DNA; and particulates
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such as silicone oil droplets, glass particles, and delaminated primary
packing materials or those derived from polysorbate degradation
byproducts) as well as chemically degraded excipients.2-5 Impurities
within therapeutic protein products can cause severe adverse drug
reactions (ADRs) inpatients. ADRs can be acute6-10 ormore long term,
as it is usually the case for unwanted immunogenicity,11,12 and may
result in compromised safety and efficacy.13-15

Aggregation and chemical degradation of proteins have been
reported to enhance their immunogenicity upon administration.16-29

Neutralizing antibodies can reduce the efficacy of therapeutic pro-
teins7,30-33 and sometimes cross-react with essential endogenous
proteins to cause severe ADRs.34 Physical aggregation and chemical
degradation can occur throughout the life of a protein product, and
even modest environmental stresses can cause extensive damage.
The pharmaceutical biotechnology industry has made great strides
in improving bulk and drug product manufacturing processes, and
the cumulative outcome of these efforts has been significant and
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continues to improve/preserve the quality of protein products in all
steps of production, storage, and transportation. Despite these im-
provements, once the protein product is released and shipped by the
manufacturer, there is potentially little control over the many factors
that may affect the structural integrity and quality of these envi-
ronmentally sensitive protein products. Therefore, they may be
damaged by various types of (mis)handling. It is plausible that even
accepted routine handling of protein drugs in a clinical setting or in
patients' hands may cause product degradation that remains unno-
ticed but potentially compromises the safety and efficacy of the
product. For example, when preparing protein products for intra-
venous (IV) administration, protein particles can result from the
numerous stresses generated during routine handling, and foreign
materials can contribute to the particle loads delivered to pa-
tients.35,36 Recent reports on the handling of protein drugs in hos-
pital pharmacies and patients' hands suggest that these handling
practices can potentially compromise the stability of protein phar-
maceuticals.37,38 In recognition of such problems, a conference ses-
sion entitled “Fragileehandle with care” at the 2017 American
Association of Pharmaceutical Scientists Annual Meeting was
devoted to discussing the gap between the drug developer's un-
derstanding of real-world conditions and handling of their protein
pharmaceuticals and the end user's understanding of the importance
of proper handling of these drugs and the reasons behind it.

This commentary aims to address the potential risks associated
with handling of protein pharmaceuticals after release and
shipping by themanufacturer, that is, at the hospital pharmacies, in
trained health care personnel's hands, or during patient
self-administration. In this context, we first briefly discuss the
different environmental stress factors that could be experienced as
part of routine handling and administration procedures and how
they could lead to compromised protein stability. We focus on the
environmental stress factors that have been widely investigated in
the past decade and proven to be detrimental to protein structural
integrity and stability. The second part of the commentary contains
remarks and recommendations for different units of the involved
community for improvements in routine product handling, which
may lead to a more reliable, controlled, and safer use of protein
pharmaceuticals immediately before administration.

Handling of Protein Pharmaceuticals, Stress Factors, and
Stability Concerns

During normal handling in clinical settings, protein therapeutics
that are formulated for IV administration are typically prepared in
the pharmacy (e.g., reconstituted from a lyophilized formulation,
drawn into a syringe, injected into a bag of IV solution, and mixed),
transported to the patient's floor (e.g., via a pneumatic tube or
traditional hand-carried hospital trolleys), placed in temporary
storage, and eventually administered to the patient. Alternatively,
protein therapeutics that are formulated for subcutaneous
injections are often handed over to a patient at the pharmacy,
transportedbypatients to their homes, stored (e.g., in a refrigerator),
and eventually injected subcutaneously by the patients themselves
or by a caregiver. The pharmacist and a health care worker
generally give recommendations to patients for proper storage and
use. Furthermore, patients have access to the patient information
leaflet39 that includes descriptions of the optimal conditions for
storage and use.

Each of the aforementioned steps, even when followed strictly,
can expose proteins to various stresses that may cause product
degradation as well as contamination. Contaminants (e.g., cellulose,
dust, bacteria, virus) are of extraneous origin and, in principle,
should not be present in a product or introduced during routine
handling. However, extreme care should be taken to protect the
product during handling at steps where it may become exposed to
the external environment, such as during transfer from a vial to an
IV bag. This commentary focuses on protein producterelated
impurities rather than these foreign matter contaminants.

It is noteworthy that in general, there appears to be a lack or an
insufficient level of strict procedures for handling of protein phar-
maceuticals in hospital pharmacies from a protein stability point of
view. There is also more obviously a relative lack of control over the
patients' handling and treatment of the protein product during
at-home use. In a recent observational study performed in a hospital,
some of authors have documented several incidents during the
process of compounding at thepharmacyand transport of the drug to
patients which could jeopardize the quality of protein pharmaceuti-
cals. For instance, observations included vigorousmanual agitation of
a vial that contained a liquid formulation of a protein pharmaceutical
causing formation of foam in the vial, repeated back and forth
movement of a syringe plunger resulting in foaming in a syringe,
nonuniform processes for injection of drug into infusion bags, and
careless handling of IV bags to the patient's section by a nurse who
was unaware of the contents of the IV bags.37 In other observations in
a different hospital, some of the authors identified the transportation
of the protein pharmaceuticalecontaining IV bags with a pneumatic
tube system to be of concern with respect to the stability of the
proteins. In addition, discussions with pharmacists from a number of
hospitals corroborate the abovementioned observations, the general
lack of awareness, and the lack of suitable procedures for handling of
protein pharmaceuticals in hospital pharmacies (let alone situations
where a cold supply chain is not available or properly maintained in
both developed countries and many developing parts of the world, a
topic that has been widely reviewed with temperature-sensitive
vaccines40). Furthermore, special cases such as issues with repack-
aging of a drug product for off-label use (as for an antivascular
endothelial growth factor drug, Avastin) and complications with the
effects of handling on aggregation and potential contamination have
been reported and deserve further attention.41,42

One can envision that such concerns are similarly valid for
protein pharmaceuticals provided to patients for self-
administration at home. The scientific community has raised this
concern, and a few publications have reported that home storage
temperatures often deviate from the recommended temperature
range.38,43 Obviously, it is more difficult to gather information
about other stress parameters, and it is not known how patients
may treat protein pharmaceuticals with respect to mechanical
shocks, light exposure, and various combinations of these stress
factors.

In this next section of the commentary, we summarize the
environmental stress factors that have been shown to cause protein
degradation and could be encountered during typical handling
procedures and mishandling of protein pharmaceuticals in a hos-
pital setting or in patients' or caregivers' hands.

Mechanical Stresses and Contact With Interfaces

Mechanical stress is arguably the most common type of stress
that a protein drug product may be exposed to in the compounding
and transportation processes in a hospital or in a patient's hands
during at-home use. A certain level of stability against mechanical
stresses is a must-have property for protein pharmaceutical prod-
ucts. To this end, great care is taken in formulation design to add
excipients (e.g., nonionic surfactants) that decrease a protein’s
susceptibility to mechanical stresses44 as well as in the design of
manufacturing processes to reduce protein damage that can arise
during formulation/filling processes and during transportation of
containers holding protein solutions. In hospital and home envi-
ronments, however, generated mechanical forces and surface
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exposures can have a different nature and magnitude compared
with the stresses generally screened for during protein drug
product development. Some examples of these mechanical forces
include transport of IV bags and syringes in pneumatic tube sys-
tems, aspiration of formulations into syringes, accidental dropping
of containers/delivery devices (e.g., vials, syringes, and IV bags),
transfer of solutions from a large IV bag into smaller containers
with peristaltic pumps, and operation of IV infusion pumps. Cavi-
tation can occur when dropping a drug container, during aspiration
of formulations into syringes, or when an IV bag or syringe hits the
receptacle in a pneumatic tube system. Cavitation is a pressure
waveeinduced formation of bubbles, which, upon collapse, creates
microscopic local hotspots where temperature and pressure may
reach extreme values,45,46 generating hydrogen and hydroxyl rad-
icals47 and initiating protein aggregation and particle forma-
tion.48,49 Recent studies reveal that themechanical shock caused by
dropping of a vial can lead to formation and collapse of cavitation
bubbles, which in turn can cause formation of particles in protein
pharmaceutical products.48 Recent studies have corroborated and
expanded these results and suggest that the detrimental effects of
such stresses can be increased synergistically if 2 or more types of
mechanical stresses act together. For example, mechanical shock
followed by agitation generates high levels of protein particles.50

Agitation (as in shaking, stirring, and pumping) of protein
solutions has been shown to exert stresses that may contribute to
protein aggregation and particle formation. Such stresses are
generally a combination of mechanical stress and exposure of the
protein to interfaces. This may occur during the different stages of
routine product handling, as described previously. Several studies
have shown that shaking of prefilled syringes and vials containing
liquid or even lyophilized protein drug products can result in
physical instability and particle formation.51-58 It is well established
that the various interfaces to which proteins may be exposed (e.g.,
during pumping,mixing, shipping, and storage inprimary container
closure and drug administration systems) can cause proteins to
aggregate and form particles. These interfaces include liquid-air
interfaces (e.g., in vials and infusion bags), liquid-solid interfaces
(e.g., in vials, IV bags, and lines), and liquid-liquid interfaces (e.g.,
silicone oil-water interfaces found in prefilled glass syringes as well
as in disposable plastic syringes used for transfer of protein solu-
tions).54,59-61 Upon adsorption to an interface, protein molecules
readily become structurally altered and aggregate, forming inter-
facial films that, upon mechanical disruption (e.g., shear forces
inherent to syringe operation), generate and transfer particles into
the solutions that are administered to patients. Importantly,
compounding of protein pharmaceuticals can involve introduction
of proteins to interfaces as well as disruption of these interfaces.
Recent studies show that this combination can lead to formation of
large amounts of protein aggregates and potentially a significant
decrease in the monomer content, as observed in a model stirring
process.62 Disturbance (or any touching) of adsorbed layers of
protein at solid-liquid interfaces such as those found in vials and
infusion bags or at air-liquid interface which can be present
throughout the handling process may lead to this process of
aggregate formation.62-65

In addition, each of the solid surfaces that protein pharmaceu-
ticals encounter can potentially shed nonproteinaceous micro-
particulate and nanoparticulate materials into the solution.
Examples of such particles include delaminated glass from syringe
or vial walls; silicone oil droplets from lubricants added to facilitate
plunger movement in syringes; and polymeric nanoparticles found
in IV solutions, bags, filter sets, and administration tubing.41,66-68

Protein molecules readily adsorb to these materials, which may
act as adjuvants (and lead to protein denaturation and aggregation)
to enhance adverse immune responses to the therapeutic protein
and provoke infusion reactions.69-71 In-line filters in IV setups are
typically insufficient to reduce particle levels reaching patients
during IV administration. In fact, they do not remove themajority of
nanoparticles and may even expose proteins to new interfaces that
generate additional particles downstream from the filter mem-
brane. Here, again, mechanical stresses imposed on the materials
and interfaces during the handling have been shown to enhance
the shedding of particles.72

With respect to the abovementioned cases, it must be realized
that the protective action of excipients, such as nonionic surfactants
that are typically included in a protein formulation to inhibit the
degradation of proteins caused by interfaces, may be largely
diminished upon dilution of the pharmaceutical (and thus dilution
of the stabilizing excipients) in an IV infusion bag. Also, even with
optimal concentrations of stabilizing excipients, therapeutic
proteins may still form substantial levels of nanoparticles and
microparticles upon exposure to interfaces in combination with
mechanical stresses.

Temperature Excursions and Freeze-Thaw Cycles

Proteins are naturally less stable at elevated temperatures
where they readily undergo structural alterations often leading to
aggregation. Generally speaking, proteins can degrade because of
high temperature exposure in 2 ways: exposure above a threshold
temperature that causes protein unfolding (e.g., above the thermal
onset and thermal melting temperatures, Tonset and Tm, respec-
tively) or exposure to elevated temperatures below the Tonset/Tm
values but over a certain extended time period. From a practical
perspective, temperatures above 40�C are considered detrimental
to protein pharmaceuticals, but even prolonged exposure to room
temperature can cause damage. Protein pharmaceutical products
may be exposed to a wide range of temperatures that greatly
exceed the typical recommended storage temperatures of 2�C-8�C.
In some climates and circumstances (e.g., in a hot car in the sum-
mer), exposure to temperatures approaching 50�C are possible,
unless care is taken to keep protein products in a temperature-
controlled environment. Also, there are unpublished reports of
patients warming their drug products in microwave ovens.

Not only “too hot,” but also “too cold” may be detrimental to
proteins. Freezing of a liquid protein formulation or cycles of freeze-
thawing can lead to destabilization and have frequently been re-
ported to result in protein aggregation and particle formation.73-76

Although the magnitude of such degradation may not always be
large enough to significantly reduce the total monomer content,
measurable levels of protein particles can be formed even during a
single freeze-thawing cycle of a well-formulated product. In addi-
tion, results from preclinical studies suggest that very small
amounts of such protein particles (i.e., low microgram range) may
increase immunogenicity risk.77 Therapeutic protein products may
accidently freeze during shipment from the pharmacies to patients
when subzero (e.g., �20�C) polymer packs are included in the
shipping container. Also, transportation by patients from the
pharmacy inwinter can lead to product freezing, for example, if the
patient stops at another location on the way home and the interior
of his or her vehicle cools to subzero temperature. And, of course,
storing a protein product in the home freezer instead of the
refrigerator can lead to unintended freezing. In addition, certain
“frost-free” freezers may subject frozen formulations to multiple
freeze-thaw cycles.

The effect of such freeze-thaw stresses on protein pharmaceu-
ticals is typically tested during drug product formulation devel-
opment, and measures for stabilization are taken if needed, such as
the addition of stabilizing excipients. However, it is important to
note that during freeze-thaw stress studies, not all company
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scientists are using sensitive analytical methods that are capable of
reproducibly detecting protein nanoparticles and microparticles.
For example, if no methods for detection of subvisible particles are
used or if particles are only measured with light obscuration, the
actual levels of protein particles formed during the stress may be
much higher than those detected,78,79 especially if only particles of
sizes �10 mm are reported. In such cases, company scientists would
judge their formulations as robust enough to withstand stresses,
whereas in fact, they are sensitive to stresses that are routinely
encountered in the field when the product is no longer necessarily
being handled under well-controlled conditions.

One can expect near-optimal and perhaps suboptimal storage
conditions for the protein drug at a pharmacy and in patients'
hands, respectively. Although there are no published reports that
address the former, it has been shown that the storage conditions of
liquid protein drugs by patients can substantially deviate from
those that are recommended. Vlieland et al.38 monitored the stor-
age temperature at patients' homes using a validated temperature
logger. They reported that the majority of the patients do not store
their biopharmaceutical within the manufacturer's recommended
temperature range (2�C-8�C), whereas more than a quarter stored
the drug at temperatures below 0�C or above 25�C for more than
2 h. The same study revealed that the unfavorable storage includes
several (sometimes up to 10 or 100) cycles of �5 to 5�C.38 It is
unclear whether all protein drug products are designed to remain
stable under such severe stress conditions. In a follow-up study, a
few commercial protein pharmaceuticals in prefilled syringes were
exposed to similar freeze-thaw cycles as those that were experi-
enced in patients' refrigerators; the authors observed that the
applied stress caused measurable increases in particle levels.80

Whether such changes in the impurity profile have an impact on
the overall safety and efficacy of the products remains to be studied,
but potentially, they could contribute to immunogenicity in the
patients receiving a product mishandled in such a way.

Exposure to Light

To avoid photodegradation, protein pharmaceutical products
are protected from light by secondary packaging. However, in
hospital settings and during at-home use, normal exposure to light
(e.g., fluorescent lights found in hospital settings or ambient light in
home care settings and infusion clinics) can chemically damage
protein molecules and cause color formation and generation of
aggregates and particles.81-84 It has been suggested that light at
wavelengths typical of fluorescent lighting in clinics can induce a
variety of oxidative reactions as well as protein particle formation
and aggregation.85 In another example, the exposure of an
octreotide-containing solution to light from a fluorescent desk
lamp led to the generation of oxidative modifications similar to
those induced by stress conditions involving ultraviolet light, albeit
at lower yields.86 The combination of chemical degradation and
aggregation caused by light exposure has been shown in preclinical
models to result in protein products that are particularly
immunogenic.85

Many protein pharmaceuticals should be allowed to warm up to
room temperature immediately before injection, and there are
anecdotal accounts of patients placing prefilled syringes in sunlight
to speed up this warming. Furthermore, it is important to realize
that in clinical settings, infusion bags are often placed on a hanger,
thereby exposed to ambient light that could amplify the photo-
degradation risks. In some hospitals, patients are even allowed to
walk outside while carrying their IV bag on a hanger with them,
where the bags and their contents are exposed to direct sunlight.
Moreover, protein pharmaceuticals that are provided to patients for
at-home use may be exposed to direct or indirect sunlight while
being transported, for example, laying in the passenger cabin in a
car, or before use by the patients, for example, when left on the
table before injection. These exemplary conditions can expose the
protein pharmaceutical to 2 or potentially 3 different types of
stresses, that is, light exposure, temperature excursions, and
agitation by shaking. To the best of our knowledge, such combined
stress conditions are not routinely tested during protein drug
product formulation development. Systematic studies are neces-
sary to determine the magnitude of the damage a protein product
may undergo for each of such cases.
Summarizing Discussion and Recommendations

It is noteworthy that this commentary is not the first one
addressing the challenges that arise with handling of protein
pharmaceuticals. Some of the authors of this commentary, among
others, have raised concerns about the instability of such drugs in
the manufacturing, supply, and use chain previously around the
time when the commercial market of protein pharmaceuticals was
rapidly growing.87-89 The advancements in pharmaceutical
development of protein drugs in the past 2 decades have brought a
significant growth of knowledge and understanding of the
influential stress factors, resulting in good control over the critical
stability parameters during the manufacturing and distribution of
protein pharmaceuticals. It is, therefore, an opportune time for (re)
addressing the last piece of the protein drug product supply chain,
that is, the postproduction handling of protein drugs immediately
before administration. We realize there are challenges to tackle
these potential problems with handling of protein drugs at the
hospital setting and at patient's self-administration level and wish
to propose a set of recommendations for the involved parties to
consider to improve the situation for a safer and more effective
handling and use of protein drugs (see Table 1 for a summary of the
recommendations). After all, improvements in this area are in the
best interest of all the parties, including manufacturers, health care
systems, regulatory agencies, anddabove alldpatients.
Expansion of Research on Effects of Real-World Handling on Quality
of Protein Pharmaceuticals

There is a clear need to perform and publish more research to
better understand the extent of the severity of the risk associated
with postmanufacturing handling of protein pharmaceuticals (for
various classes as well as specific examples of protein drugs, e.g.,
monoclonal antibodies in general vs. a specific monoclonal
antibody drug product). Studies should be focused on breaking
down the handling steps and extracting the characteristics of the
environmental stress factors in each and every step (as well as the
effects of various combinations of such stresses). Such
investigations must span a wide range of common handling pro-
cedures from the moment the drug arrives at the hospital setting
until it is administered into the patient. Moreover, analysis of
protein products under conditions that are experienced when
injected by patients in the home situation should be performed to
shed more light on the quality of protein products used by patients.
Studies should ideally address 2 questions: (1) does postproduction
(mis)handling of protein pharmaceuticals cause protein degrada-
tion and to what extent? and (2) do potential protein degradation
byproducts interfere with safety and efficacy of the drug? Setting
up a database on the subject that is shared between public and
private sectors (ideally in a global framework) would be of great
value and should be considered.



Table 1
Summary of Recommendations for the Multiple Involved Parties to Improve the Situation for a Safer and More Effective Use of Protein Pharmaceuticals During Routine
Handling in a Hospital Setting and During Patient Self-Administration at Home

Recommendation Potential Contributing Party Comments

Manufacturers Hospitals and
Pharmacies

Patients Regulatory
Bodies

Academia and
Research
Institutions

Improved understanding of
potentially stressful handling
steps and their effects on
protein quality

X X X X Prerequisite to most efforts; in
progress, but much more
research and publications
needed

Development of clear and
detailed product handling
guidelines for use at hospital
pharmacies

X X X Must have, regardless of other
efforts

Introduction and use of a
coding and labeling system
for protein pharmaceuticals
in hospitals

X X May help to improve end user
awareness

Inclusion of training courses on
product handling in the
pharmacy curricula

X Must have; in place in several
academic institutions but not
yet implemented in every
curriculum

Offering postacademic training
courses for pharmacists and
health care workers

X X X Must have for pharmacists and
health care workers dealing
with protein
pharmaceuticals

Better communication between
manufacturers and end users
for understanding of critical
handling parameters

X X X X Would help improve the
robustness of the supply
chain in hospital settings and
training of patients for use at
home
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Development of Improved Protein ProducteHandling Guidelines

Pharmacists and other health care professionals face questions
related to the optimum handling procedures for protein pharma-
ceuticals. There must be a collaboration between the clinicians,
manufacturers, and regulators to better define detailed and clear
guidelines for storage, reconstitution (if applicable), transfer to IV
bags (if applicable), transporting, and all other steps of handling in
the hospital setting. These guidelines can be developed as general
guidelines for a typical hospital as a first step but will eventually
have to be adjusted for each and every hospital based on the
characteristics and conditions of that particular hospital. To make
such an effort feasible, a protein pharmaceutical supervisor who
can be assigned within the hospital pharmacy, after receiving the
proper training, can review and assess the risk factors and arrange
mitigation plans within his/her health center.

Introduction and Use of a Coding and Labeling System in Hospitals

Definition of a coding and labeling system containing minimum
handling requirements can have a significant influence. Such coding
will allow for designating a separate handling unit with its own
standards, allowing only trained personnel to handle the drug (and
over time perhaps development of specialized tools and packaging),
ensuring a safer treatment of protein pharmaceuticals. Dedicated
stickers on the IV bags and syringes that contain protein pharma-
ceuticalswill allow the transporters and nurses in other departments
to immediately recognize the presence of this class of drugs and help
them to follow the appropriate handling guidelines. Such a coding
and labeling system may be considered costly and difficult to
implement globally, but it can be regarded similar to the guidelines
used for the aseptic treatment of pharmaceuticals and the prepara-
tion of IV bags, which have been shown to be effective in decreasing
the contamination rate of pharmacy-compounded preparations.90

Such a system could be an effective vehicle for introducing a set of
standards with minimum handling requirements for protein phar-
maceuticals which may eventually save money because of more
effective treatments with fewer adverse effects.

Enhancement of Training on the Appropriate Handling of Protein
Pharmaceuticals

Training on the appropriate handling of protein pharmaceuticals
during real-world conditions of administration should be an inte-
gral part of pharmacy curricula. Moreover, postacademic training
on this topic for retail pharmacists and hospital pharmacists should
be available. The latter is particularly important because many of
the currently practicing pharmacists may not have received such
training, let alone specific training on properly instructing medical
personnel and patients. Academic and health institutions and
regulatory agencies should work toward implementation of such
training. The previously mentioned protein pharmaceutical expert
in a hospital setting can play an active part here and aim for internal
training of the involved personnel. This should involve repeated
training with updates on the handling of protein pharmaceuticals
and reporting of problems that resulted from mishandling. Mate-
rials for such updates and special training sessions can be provided
regularly by appropriate authorities and scientists from academia.
It should be pointed out that the awareness of the need for such
training has become increasingly well recognized for the use and
administration of vaccines; in this case, improved education on the
proper handling of vaccines on the day of administration is being
addressed as part of the “last mile” in the vaccine cold chain.40,91

Improvements in Communication Between Manufacturers and End
Users

There must be good communication between developers of
protein pharmaceuticals and hospital pharmacies, allowing de-
velopers to obtain a better understanding of real-world conditions
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and handling of their protein drug products. Efforts for obtaining
such understanding would be a rewarding practice for the manu-
facturer. Considerations regarding the stresses or combination of
stresses that can occur during (mis)handling of the drug after it
leaves the factory can become an integral part of the in-use studies
in the drug product development process. Such practice would
allow for identification of the main risk factors and can lead to
putting the right emphasis on critical stress factors that matter the
most in the guidelines for pharmacists and patients. As one
example, although the common technical document format for the
quality section of regulatory filings for commercial approval of
protein drugs includes a section on compatibility (ICH M4Q(R1),
section 3.2.P.2.6), the guidance is relatively high level and does not
necessarily focus on the real-world conditions discussed in this
commentary. In addition, it is well known that large groups of
patients misinterpret package inserts, if they read those at all,92,93

and forget verbal instructions.94 Therefore, perhaps the greatest
effort that should be made is finding novel ways to effectively
obtain information concerning the real handling practices and to
train and inform the pharmacists, other involved hospital
personnel, and patients. It is expected that raising awareness with
clear examples and case reports would be of great influence. For
instance, if a pharmacist sees how particles are introduced upon
mishandling of a drug product, he or she may be more cautious
when preparing the drug for a patient. In this context, modern
technologies can be invaluable tools on the one hand to gather and
document data on what a drug product experiences beyond the
release by the manufacturer and on the other one to deliver more
effective trainings and communication to end users. For instance,
sensors may be used to record the drug product conditions, such as
temperature, light exposure, and movement; videos recorded by
hospital pharmacies and patients would provide a wealth of in-
formation regarding the steps taken to prepare and administer the
drug. Moreover, potentially more effective training tools could
include online resources (e.g., short training videos and informa-
tion forums) and webinars. Such tools, alongside the design and
implementation of visual aids such as abovementioned labels;
pictograms; and brief written instructions, such as “do not drop,”
“do not leave in sunlight,” “do not shake,” and so forth, may
help improving the awareness of patientsdand end users in
generaldthat protein pharmaceutical products are delicate and
must be handled with care.
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