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Abstract

Biopharmaceuticals are complex biological molecules that require careful storage and handling to ensure medication integrity. In this study, a
work system analysis of real-world protein drug (PD) handling was performed with the following goals: identify main barriers and facilitators for
successful adherence to accepted recommendations in PD handling, analyse differences in two organizations, and define a Best Current Practice
in the real-life handling of PDs based on the results of the work system analysis. Observational study was held in two university hospitals in
Spain and Sweden. Based on the Systems Engineering Initiative for Patient Safety (SEIPS) model, the tools chosen were: the PETT scan, in order
to indicate the presence of barriers or facilitators for the PETT components (People, Environment, Tools, Tasks); the Tasks and tools matrices
to construct a checklist to record direct observations during the real-life handling of biopharmaceuticals, and the Journey map to depict the
work process. Observations were performed between March and November 2022. Each episode of direct observation included a single protein
drug in some point of the supply chain and considered all the elements in the work system. Based on the results of the work system analysis
and the literature review, the authors propose a list of items which could be assumed as Best Current Practice for PDs handling in hospitals.
There were a total of 34 observations involving 19 PDs. Regarding People involved in the work process, there was a diversity of professionals
with different previous training and knowledge, leading to an information gap. With respect to Environment, some structural and organizational
differences between hospitals lead to risks related to the time exposure of PDs to room temperature and mechanical stress. Some differences
also existed in the Tools and Tasks involved in the process, being especially relevant to the lack of compatibility information of PDs with new
technologies, such as pneumatic tube system, robotic reconstitution, or closed-system transfer devices. Finally, 15 suggestions for best current
practice are proposed. Main barriers found for compliance with accepted recommendations were related to the information gap detected in
professionals involved in the handling of protein drugs, unmonitored temperature, and the lack of compatibility information of protein drugs with
some new technologies. By applying a Human Factors and Systems Engineering Approach, the comparison of two European hospitals has led
to a suggested list of Best Current Practices in the handling of protein drugs in a hospital.

Keywords: protein aggregation; chemical stability; monoclonal antibodies; hospital pharmacy; protein handling; human factor;

Introduction

Background

Biopharmaceuticals are complex biological molecules that
require careful storage and handling to ensure medication
integrity. It is recognized that biologicals are especially sensi-
tive to mechanical stress and shaking, temperature and freeze-

studies have been investigating the practices, instructions, and
attitudes of health care providers regarding the handling of
biologicals in hospitals. There is still significant variability in
the handling practices and lack of guidelines in the hospital
and outpatient clinics with risks that might affect protein drug
quality; such as lack of visual inspection, vigorous agitation

thaw cycles, in addition to light exposure [1]. Already in 2003,
Crommelin et al. published a list of recommendations about
the proper storage and handling of protein drugs throughout
the supply chain from hospital pharmacy to patient [2].
During the last 20 years, the number of biopharmaceuti-
cals has increased exponentially [3, 4], as well as the diversity
of clinical conditions in which they are useful [5]. Several

of vials or air bubbles, and foam formation [6, 7].

The main concern with the safety and efficacy of protein
drugs (PDs) is related to the unwanted immunogenicity that
can be caused by drug and patient-specific factors [8, 9].
Risks related to product quality factors can easily occur due
to mishandling of biopharmaceuticals in the hospital supply
chain [10].
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Figure 1 Systems Engineering Initiative for Patient Safety (SEIPS) model adapted from Holden et al., 2021 [13].

In this study, a work system analysis of real-world protein
drug handling in two European hospitals was performed with
the following goals: (i) to identify main barriers as well as
facilitators for successful adherence to accepted recommenda-
tions in biopharmaceuticals handling, (ii) analyse differences
in both organizations, and (iii) to define a Best Current Prac-
tice in the real-life handling of PDs based on the results of the
work system analysis.

Methods

The two hospitals in this study were considered as two differ-
ent organizations. They both are University hospitals (HCB
in Barcelona, Spain and UAS in Uppsala, Sweden) with
more than 700 beds including all main medical and surgi-
cal specialties. and attend patients with medical conditions
that require biological therapies. This observational study is
based on the Systems Engineering Initiative for Patient Safety
(SEIPS) model that has previously been applied in health-
care to improve patient safety by comparing compliance data
between hospitals [11]. The three major components of the
SEIPS 101 model are shown in Fig. 1. Adapted to our study
the components are: Work System (square), Work Process
(triangle), and Work Outcomes (circle). The four elements
of the Work System are: People, Environment, Tools, and
Tasks (spelled ‘PETT’). The Work Process refers to how work
is done and the flow chart of the organization. The interac-
tions between all these fields will provide the Work Outcomes:
performance, quality, and patient safety [12]; in particular,
for this study work outcome was considered as ‘Successful
administration of safe and effective protein drug therapies’.
For this study, three SEIPS 101 tools were chosen: (i)
the ‘PETT scan’, in order to indicate the presence of barri-
ers or facilitators for the PETT components, (ii) the “Tasks
and tools matrices’ to construct a checklist to record direct
observations during the clinical practice handling of bio-
pharmaceuticals along its supply chain at the hospitals. The
checklist helped standardize the diverse elements for obser-
vation in both settings; and finally, (iii) the ‘Journey map’
to depict the work process [12, 13]. Based on the Journey
map, further analyses regarding the people involved in the
subprocesses, the environment, tools, and tasks regarding
the compliance of evidence-based handling recommendations
were done with the support of checklist audits [2]. Main risk

factors considered able to compromise biopharmaceuticals
integrity were: (i) information gaps, (ii) long exposure to light
or room temperature (RT), (iii) hits and mechanical shocks
during transport, (iv) vigorous shaking, excessive foam forma-
tion, or the presence of air during preparation/administration,
(v) consumables directly in contact with PDs during handling
that may have negative effects, and (vi) incompatibility issues
during administration.

Observations were performed from March to November
2022. Two pharmacists in each setting were responsible for
the on-site interviews of users and data collection. An inde-
pendent checklist was used for each step mentioned in the
work process. All the checklists were developed in HCB by
two pharmacists based on the stressors and risks found in lit-
erature. The languages used were Spanish (HCB) and English
(UAS). The interviews included different stakeholders depend-
ing on each step of the process. Free comments from the
participants related to the process in which they actively par-
ticipated were all registered anonymously. Each episode of
direct observation included a single protein drug in some point
of the supply chain and considered all the elements in the work
system.

Regarding the PETT-scan, and the ‘People’ component,
it should be noted that no patients were interviewed during
this study. When interviewing employees, focus was further-
more always on the drug product and no personal or sensitive
data were included in the interviews. For this reason, only
an internal ethical review of the study was performed by the
researchers. Designing the study, focus on the ‘Environment’
elements such as ‘temperature, light exposure, cleanroom
conditions, etc., were considered in the checklist’. Study-
ing the ‘Tools’ component, in the analysis we considered
those tools and technology that directly affects biopharma-
ceuticals handling; for example, ‘cars, vans, and containers
used to transport biopharmaceuticals, information materi-
als and guidelines, and compounding devices, such as closed
system transfer devices (CSTD)’. Finally, the ‘Tasks’ com-
ponent, focuses on the diversity of professionals that lead
to a broad range of tasks including reception and classi-
fication of medicines, transport, preparation, verification,
and administration. Pharmacists involved in the direct obser-
vation were responsible for carefully analysing these tasks
and reporting every step of the process with the aid of
checklists.
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Based on the results of the work system analysis and the
literature review, the authors propose a list of items which
could be assumed as real-life handling Best Current Practice
for PDs in hospitals.

Results
SEIPS models analysis

There were a total of 34 observations (20 in HCB and 14
in UAS), involving 19 PDs. Observers registered every devia-
tion from general recommendations in each part of the supply
chain.

‘People’ involved in the work process include carriers,
porters, technicians, nurses, and pharmacists. They all do sim-
ilar tasks in the two organizations. The main difference is that
in the UAS, there are pharmacists in charge of the reconsti-
tution and dilution of drugs at hospitalization wards, while
in HCB this is always a nurse’s responsibility. In HCB, tech-
nicians are also responsible for the unit dose distribution of
drugs and automated dispensing cabinets refilling. In general,
an ‘information gap’ was observed, since carriers, porters,
many technicians, and some nurses did not know the nature
of the product they were handling and the special precautions
needed for proper preservation.

Related to ‘Environment’, some structural differences were
observed: HCB is a compact main building serving also
two external centres and UAS consists of separate buildings
connected by underground corridors with one external cen-
tre. The longest travelling distances within the hospital is
400 metres inside the Barcelona building and 950 metres in
Uppsala. On the other hand, HCB has different providers:
pharmaceutical companies that delegate the transport to the
hospital to different logistics companies. However, classifica-
tion and storage are the responsibility of the hospital staff.
UAS has only one medication distributor, responsible for the

storage and transport of medicines. When medicines arrive,
they are already classified according to storage conditions and
destination within the hospital. At this point, observations
addressed to the ‘packaging and the time exposure of PDs to
room temperature’. Logistic companies in Spain use validated
refrigerated boxes or cool boxes monitored by data loggers,
and KMB® boxes with monitored temperature in the case of
Sweden [14]. There was no specific warning in the label about
the nature of the drug, except for ‘storage at 2-8°C’. Both
organizations are confident that there is no ‘risk of mechanical
stress’ during transport from the distributor to the pharmacy,
but the truth is that there is no control or document that
guarantees this fact.

The responsibility of the transport of PDs to external cen-
tres falls on the own hospital. UAS prepares some medicines
for Enkoping hospital (50 km away), while HCB provides
daily PDs compounded in the cleanroom to two external cen-
tres, located less than 3 km away. They use cool boxes, but
they are not validated; so, even though the distance is quite
short, it was considered as a risk factor.

Some differences also existed in the ‘Tools and Tasks’
involved in the process. Following the hospital’s reception,
the medicines need to be transported to each correspondent
ward. This internal transport in UAS is made by electric cars
underground, and can take 40-120 minutes, where the PDs
remain inside the KMB® validated boxes. Throughout the
internal transport, different scenarios like ‘hits and mechanical
shocks’ were reported by the observers. There is also a Pneu-
matic Tube System (PTS) available to distribute medicines to
some wards, but it is not used for PDs; this was considered
positively, since PTS should not be used in non-tested drugs,
and current evidence related to the appropriateness of this
kind of distribution for biopharmaceuticals is still not con-
clusive [15]. In HCB, the individual dosages are prepared for
each patient and subsequently transported by medical mobile
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Physical
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Figure 2 Journey map of the general supply chain of medicines in a hospital adapted from Holden et al., 2021 [13]. Note that Step 4 “External transport”
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only applies to the minority of cases where there is a delivery outside the hospital.
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carts/trolleys or manual transport by porters that can also take
up to 180 minutes. The most relevant aspect is that while in
UAS the PDs are stored in validated refrigerated boxes during
internal transport, in HCB PDs are exposed to room tempera-
ture until they are stored in the ward. Refrigerators located at
wards were usually monitored, such as the equipment located
at the Pharmacy.

The preparation and reconstitution in the cleanroom
(CR) must strictly follow specific guidelines and instructions,
including GMP, national guidelines [16], and manufacturer
instructions. Although some of the guidelines followed can
differ, both hospitals have well-regulated procedures in the
CR, leading to a similar way of working in both hospitals. The
procedure can differ between manual or robot preparation,
although both organizations use the same robotic compound-
ing system [17]. Once the preparation is done, there is a
visual check of particles and turbidity before it’s placed in the
refrigerator or to proper RT storage. Robotic compounding
is applied to some liquid biopharmaceuticals, such as ritux-
imab or bevacizumab. CSTD are not used to compound PDs
in any of the two organizations’ cleanrooms. Both items were
positively weighed up in terms of PD handling, as the recon-
stitution process of biopharmaceuticals in robotic devices and
the use of CSTD for this kind of molecules requires further
research. The observers didn’t report unusual foam or bub-
ble formation at this point. Despite the work procedures in
the cleanroom being clear and in agreement with data sheet
instructions, a lack of specific guidelines was observed in
other steps of the supply chain. Information at hospitalization
wards is supported basically in the Computerized Physician
Order Entry (CPOE) software and was considered scarce or
insufficient relating to PDs in both hospitals. At day Hospi-
tals in HCB, most of the existing information was provided
by the manufacturer. Direct observations in HCB reported
two episodes of excessive foam formation due to a rapid
reconstitution. Furthermore, despite this information gap,
during direct observations of PDs administration, no known
incompatibility with other drugs or diluents was observed.

Sometimes there is no need to manipulate the drug before
the administration and in that case, PDs are directly dispensed
to patients for self-administration at home. Observers found
a good level of information given to patients, but in general
nurses didn’t ask for feedback to guarantee the information
has been properly understood. In HCB, most patients used
cool boxes to transport PDs on their way home, but this
wasn’t the usual practice at UAS.

Considering the work process analysis, the supply chain
of PDs included five subprocesses: supply of medicines to
the hospital, storage and hospital internal transport, prepa-
ration and reconstitution, external transport to other orga-
nizations, and patient administration, as shown in the ‘Jour-
ney map’ (Fig 2). ‘Barriers and facilitators’ observed during
the study related to these five subprocesses are described
in Table 1.

Best current practices proposal

Based on the work system analysis results and the barriers and
facilitators identified, we suggest a hospital adapted Best Cur-
rent Practice (BCP) approach to avoid drug mishandling and

achieve best outcomes with PDs treatment. It is summarized
in Table 2.

Sabaté-Martinez et al.

Discussion

Principal findings

In this study we applied a human factors and systems
engineering approach to examine barriers and facilita-
tors of compliance with the general recommendations of
proper handling of biopharmaceuticals in two European
hospitals.

The more the people involved, the more complex the work
system is. In our case, we have different professionals and
patients interacting and doing different tasks, and the infor-
mation gap highlighted along the work process was, in our
understanding, the main barrier to be overcome. It is espe-
cially critical in the case of nurses preparing and administering
PD. Both organizations agree that pharmacists should be
more proactive at this point providing information where it is
needed; tools may be varied, such as infographics, posters, or
other written information; or by adding specific information
in the CPOE program.

Special mention deserves those PDs that are directly dis-
pensed to patients and self-administered at home. Despite the
SEIPS study showing in general a good level of information
given to patients, the lack of knowledge about the storing and
handling of drugs at home is at least worrying. Some authors
have studied the storage conditions and range temperatures
at patients” homes regarding more investigation and solutions
for these common situations [18, 19].

May the location and structure of the hospital have
an influence in PD handling? At this point, the SEIPS
model pointed out that the organizational elements are more
determinant than the environment. For example, waiting
time at room temperature was generally longer in HCB
even though the distances were longer in UAS because the
logistic process has been well designed to preserve cold
chain.

Strengths and limitations

The limitations faced along this study should be noted. The
number of observations collected allowed us to get a gen-
eral idea of the real-life problems handling PDs in a hospi-
tal, based on the judgement of the pharmacists in charge,
but it is uncertain how many observations are needed to
be reliable. The information concerning patients was pro-
vided from previous literature and from checklists performed
during nurse administration, since no patients were inter-
viewed. The reproducibility of the study is not represen-
tative since it only includes two hospitals in two different
countries.

Despite its limitations, the study shows the daily life events
during the handling of biopharmaceuticals from the hospital
pharmacy to patients and it provides useful tools to evaluate
these issues. The SEIPS model has been used by other authors
to evaluate healthcare systems, but it is the first time, in our
understanding, that it is applied in protein drug handling
processes. Also, the BCP suggested can be applied in other
hospital organizations leading to a closer standardized way
of working with PDs in clinics. Even though it is mentioned
that the reproducibility is a barrier, comparing two different
hospitals in two different countries has helped both organi-
zations to get and exchange new ideas and different ways of
working.
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Table 1. Barriers and facilitators (based on the PETT scan tool [13]).

Work systems factors

Barriers

Facilitators

Patient administration (hospital)

People:
e Porters
e Technicians
e Pharmacists

e Nurses
Environment:

e Physical
e Socio-organizational

e External
Tools

Tasks

General: Technicians and porters doesn’t know about
protein drugs

General: No control on the truck movements and
condition of the route

General: Lack of information about the medicines
(more specific protein drugs)

General: Risk of mishandling the boxes during the
unloading of the medicines from the truck to the
warehouse/pharmacy.

General: Cold preservation monitored and light
protection
Refrigerated truck

Work systems factors

Storage and hospital internal transport

People:
e Porters
e Technicians
e Pharmacists

e Nurses
Environment:

e Physical
e Socio-organizational

e External
ools

Tasks

General: Technicians and porters do not know about
protein drugs

General: Lack of information about the medicines
(more specific protein drugs)

UAS: risk of dropping off the medicine boxes during
the underground transport

HCB: During the storage classification it can take
between 15 and 30 min at RT

General: Control of refrigerator temperature
No exposure to light during the storage

UAS: due to the fact that the boxes are validated dur-
ing the storage classification in the hospital there is
no exposure to RT

Work systems factors

Preparation and reconstitution

People:
e Porters
e Technicians
e Pharmacists

e Nurses
Environment:

e Physical
e Socio-organizational

e External
ools

Tasks

General: Diversity of professionals involved (techni-
cian, nurse, pharmacists...); some of them are not
trained in handling protein drugs

General: Exposure to light and RT depends on the
specification of each protein drug

General: Lack of knowledge about the effect of CSTD
or the robotic compounding in PD integrity.

General: No robot reconstitution program for PDs
Some bubble and foam are unavoidable

General: Pharmacists working in the CR know what a
protein drug is

General: CR adequately monitored

General: In the CR the information and protocols for
preparation reflects the recommendations from the
technical sheet

Technology, Equipment, and devices according to the
nature of the drugs prepared.

General: Smoothly swirl and homogenization during
the manual preparation without shaking

Visual particle check

If there are particles or turbidity the final product is
discarded

No use of CSTD

Work systems factors

Patient administration (hospital)

People:
e Porters
e Technicians
e Pharmacists

e Nurses
Environment:

e Physical
e Socio-organizational
e External

General: Diversity of professionals involved in the
ward with different previous training and knowledge
about protein drugs (nurse, pharmacists, porter)

HCB: up to 3 h at RT due to the internal distribution
system

UAS: exposure to light when it’s taken out from the
original package

General: Even though there is no continuous monitor-
ing, the storage conditions in the ward room are well
controlled.

UAS: the cold chain is maintained in the ward

No use of PTS for PDs

HCB: original package or light protection bags—no
exposure to light

(continued)
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Table 1. (Continued)

Sabaté-Martinez et al.

Work systems factors

Barriers

Facilitators

Patient administration (hospital)

Tools

Tasks

General: Lack of validated protocols (or insufficient
information in CPOE) inside the ward/Day Hospital
Scarce information about physico-chemical incompati-

bilities
General: Some bubbles and foam are unavoidable.
Lack of smoothy homogenization in the ward or short
waiting time until bubbles/foam disappear (some
nurses HCB)

General: Visual particles check during the administra-
tion.

Smoothly and gently swirl during the manual
preparation without shaking (pharmacists, most
nurses)

Work systems factors

Patient administration (home)

People:
e Porters
e Technicians
e Pharmacists
e Nurses
Environment:
e Physical
e Socio-organizational
e External
Tools

Tasks

General: Diversity of professionals involved in the
ward with different previous training and knowledge
about protein drugs (nurse, pharmacists)

It’s unpredictable and uncertain how the medicines are
handled at patients’ home

General: Transportation time from the hospital until
home storage

HCB: Refrigerators at wards in HCB are controlled,
but most are not continuously monitored

UAS: the organization does not generally provide a
cool box to the patient

General: There is not always a verification that the
patient has understood everything

General: Refrigerator temperature and storage well
monitored

General: The patient is well informed about the
storage and handling of the medication

The indications given to the patient correlate to the
manufacturer instructions

HCB: the manufacturer can provide a cool box to the
patient

Work systems factors

External transport

People:
e Porters
e Carriers
e Technicians
e Pharmacists

e Nurses
Environment:

e Physical
e Socio-organizational
e External

Tools

Tasks

General: The carrier does not know what a protein
drug is

General: Route and traffic difficulties are unpre-
dictable

HCB: cool boxes not always validated

UAS: long transport distances

General: Lack of information about PDs given to the
personnel involved in the transport

General: The packaging to other organizations or
building are validated cool boxes

No exposure to light during the transport

HCB: short transport distances

General: Avoid rough/brusque movements

General: similar observations found in both hospital organizations.
UAS: observation found in Uppsala University Hospital.
HCB: observation found in Hospital Clinic Barcelona.

RT: room temperature; CR: clean room; PD: protein drug; CPOE: Computerized Order Entry Software; CSTD: closed system transfer device; PTS: pneumatic

tube system.

Interpretation within the context of the wider
literature

Twenty years after Crommelin’s publication [2], it seems that
the risk factors that biopharmaceuticals are subjected in real-
life handling are still significantly important and the window
for improvement is wide. Our findings are not very different
from the ones previously reported by Narhi ez al. or Jiskoot
et al.[6, 19]. Excessive room temperature exposure or vial
shaking is still observed during drug handling. The implemen-
tation of in-use analytical methods in the near future could be
extremely useful to highlight the real effect of these issues in
drug quality [20, 21].

Implications for policy, practice, and research

On the other hand, what is certainly a challenge and a matter
of future research is the use of new technologies, such as CSTD

and compounding robots in the reconstitution of biopharma-
ceuticals [22]. For example, some hospitals use CSTD for the
reconstitution of all drugs, proteins or not, even in the absence
of compatibility information [23, 24]. Similarly, the PTS has
been recently installed in different hospitals in Europe, even
for chemotherapy transport [25]; however, the formation of
subvisible particles and the possible adverse impact on the
product quality is still a concern of consideration [26].

To enhance the relevance and impact of the present study,
future research efforts could focus on expanding the discus-
sion to explore the potential implementation of the study’s
findings across diverse hospital settings. A more in-depth
exploration into the scalability of the proposed best practices
would be beneficial, addressing how these practices can be
effectively adapted to accommodate the distinct resources and
infrastructures present in various healthcare environments.
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Table 2. Suggestion of best current practice. The list is based on finding from using the SEIPS model and literature review (Ref 23,27,28).

Quality issue Risk of mishandling

Best current practice

Lack of knowledge of nurses involved in
the preparation and administration of
PDs

Information gap

Monitored
temperature ranges

Excessive exposure to room temperature

Monitored transport Mechanical shock/hits

Reconstitution
procedures and
handling materials

Excessive shaking; presence of air in the
bag; use of devices with no evidence of
compatibility with PDs

Light exposure Excessive exposure to light (especially
daylight)
Risk of physico-chemical incompatibility

in case of Y-administration

Administration
procedures

1. Design infographics or similar about the proper reconstitution
and administration of PDs addressed to nurses in Day hospitals
and wards.

2. Review instructions about reconstitution and dilution of
specific biopharmaceuticals in the CPOE program.

3. Provide the patient with specific instructions for the correct
handling and preservation of PDs at home, and guarantee its
appropriate understanding.

4. Validation of the cool boxes used in the transport to external
centres.

5. Implementation of validated cool boxes or a refrigerated
drawer during internal transport from Pharmacy to the wards.
6. Promoting the use of cool boxes for the transport of PDs from

the Pharmacy to home in ambulatory patients.

7. All the refrigerators in the hospital should have a monitored
temperature track system and will need to be checked every
specific time.

8. Full traceability of the hospital internal and external transport
would be desirable.

9. Consider to increase the waiting time after reconstitution in
those drugs in which foam and bubble formation may be a
problem.

10. Carefully remove or reduce as much as possible air head space
in infusion bags.

11. Use a non-flicking technique and syringes with the minimal
amount of silicone oil or silicone oil free syringes for ophthalmic
use.

12. Robotic compounding: to develop and implement new sensi-
tive programs including movements like swirling or no shaking
would be desirable.

13. Until further research is available, the use of CSTD in PDs
should be limited to those biopharmaceuticals considered
hazardous drugs with documented compatibility information

14. Provide a validated list in the wards of the protein drugs that
must be protected from light.

15. Due to lack of information, the use of simultaneous Y-site
administration can only be done when supporting data are avail-
able. Otherwise, stopping infusions and flushing between with
compatible solutions should be done. Also, the use of inline filter
should be done according to supplier recommendations.

PD: protein drug; CPOE: Computerized Order Entry Software; CSTD: closed system transfer device.

Moreover, extending the observational study to encompass
a broader spectrum of hospitals is recommended. Addition-
ally, it is advisable to delve into the establishment of relevant
policies and procedures within the work system. Addressing
the gap among healthcare providers and workers through the
governance of practices for the safe handling of biopharma-
ceuticals could significantly contribute to the overall efficacy
of the proposed best practices. Investigating the impact of
these policies on safety outcomes and adherence to best prac-
tices could be valuable for further exploration. By expanding
the scope of the research in these ways, future investiga-
tions have the potential not only to strengthen the current
study’s conclusions but also to contribute significantly to a
more thorough understanding of the complexities involved
in biopharmaceuticals handling within hospitals worldwide.
This, in turn, will enhance the practical implications and gen-
eralizability of the study’s outcomes, giving more informed
decision-making within the healthcare community.

Conclusions

Main barriers found for compliance with accepted recom-
mendations were related to the information gap detected
in professionals involved in the handling of protein drugs,

unmonitored temperature, and the lack of compatibility
information of biopharmaceuticals with some new technolo-
gies. By applying a Human Factors and Systems Engineering
Approach, the comparison of two European hospitals has led
to define a list of the Best Current Practices in the handling
of protein drugs in a hospital, based on pharmacists’ crite-
ria, to implement in a future and improve the real-handling of
biopharmaceuticals.

Acknowledgements

We express our gratitude to all professionals (janitors, nurses,
technicians, pharmacists) interviewed in the study.

Author contributions

Claudia Sabaté-Martinez (Methodology, Investigation, Anal-
ysis, Writing),

Mattias Paulsson (Conceptualization, Methodology, Investi-
gation, Analysis, Writing, Review and Editing),

Silvia Gonzalez-Suérez (Investigation, Analysis),

Ulla Elofsson (Supervision, Project administration),

Anna Millgvist Fureby (Supervision, Project administration),

202 4990120 80 U0 1s9NB Aq $0Z529.2/020982ZW/ | /9€/3I01e/oybiul/woo"dno-ojwapese/:sdny woly papeojumoq



Marie Wahlgren (Supervision, Project administration),
Carmen Loépez-Cabezas (Conceptualization, Methodology,
Investigation, Analysis, Writing, Review and Editing)

Conflict of interests:

The authors declare no conflict of interest.

Funding

This project has received funding from the Innovative
Medicines Initiative 2 Joint Undertaking (JU) under grant
agreement No 101007939. The JU receives support from the
European Union’s Horizon 2020 research and innovation pro-
gramme and EFPIA. The content of this publication reflects
only the author’s view and the JU is not responsible for any
use that may be made of the information it contains.

Data Availability Statement

The data underlying this article will be shared on reasonable
request to the corresponding author. A copy of the checklist
template has been attached as Supplementary material.

References

1.

10.

11.

. Pharmaceutical

FDA U.S food & drug administration. Biological Product
Definitions. https://www.fda.gov/files/drugs/published/Biological-
Product-Definitions.pdf (21 February 2024, date last accessed).

. Nejadnik MR, Randolph TW, Volkin DB et al. Postproduc-

tion handling and administration of protein pharmaceuticals and
potential instability issues. | Pharmaceut Sci 2018;107:2013-9.
https://doi.org/10.1016/j.xphs.2018.04.005

. Kansy M, Caron G. New therapeutic modalities in drug discovery

and development: insights & opportunities. ADMET ¢& DMPK
2021;9:227-30. https://doi.org/10.5599/admet. 1209

. FDA US food & drug administration. Compilation of CDER

New Molecular Entity (NME) Drug and New Biologic Approvals.
https://www.fda.gov/drugs/drug-approvals-and-databases/
compilation-cder-new-molecular-entity-nme-drug-and-new-
biologic-approvals (21 February 2024, date last accessed).
Research and Manufacturers of America.
Medicines in development biologics. PARMA’s Communications
& Public Affairs Department. (202) 835-3460. http:/phrma-docs.
phrma.org/sites/default/files/pdf/biologics2013.pdf (21 February
2024, date last accessed).

. Jiskoot W, Nejadnik MR, Sediq AS. Potential issues with

the handling of biologicals in a hospital. J Pharmaceut Sci
2017;106:1688-9. https://doi.org/10.1016/j.xphs.2017.02.029

. Fayek R, Soleyman M, Jiskoot W et al. Evaluation of post-

production handling practices of monoclonal antibodies through-
out the world. Eur ] Oncol Pharm 2021;4: e031. https://doi.org/
10.1097/0P9.0000000000000031

. Oo C, Kalbag SS. Leveraging the attributes of biologics and small

molecules, and releasing the bottlenecks: a new wave of revolution
in drug development. Expert Rev Clin Pharmacol 2016;9:747-9.
https://doi.org/10.1586/17512433.2016.1160778

. Sethu S, Govindappa K, Alhaidari M et al. Inmunogenicity to bio-

logics: mechanisms, prediction and reduction. Arch Immunol Ther
Exp 2012;60:331-44. https://doi.org/10.1007/s00005-012-0189-
7

Martinez CS, Amery L, De Paoli G et al. Examination of the pro-
tein drug supply chain in a Swedish university hospital: focus
on handling risks and mitigation measures. | Pharmaceut Sci
2023;112:2799-810. https://doi.org/10.1016/j.xphs.2023.05.003
Yanke E, Zellmer C, Van Hoof S et al. Understanding the cur-
rent state of infection prevention to prevent Clostridium difficile

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Sabaté-Martinez et al.

infection: a human factors and systems engineering approach.
Am ] Infect Control 2015;43:241-7. https://doi.org/10.1016/j.ajic.
2014.11.026

Carayon P, Schoofs Hundt A, Karsh BT et al. Work system
design for patient safety: the SEIPS model. Qual Saf Health Care
2006;15:150-i58. https://doi.org/10.1136/qshc.2005.015842
Holden RJ, Carayon P. SEIPS 101 and seven simple SEIPS tools.
BM]J Qual Saf 2021;30:901-10. https://doi.org/10.1136/bmjqgs-
2020-012538

Climsel (Climator, Skovde, Sweden) and CredoCube (Peli Biother-
mal, Leighton Buzzard, the UK).

Linkuviené V, Ross EL, Crawford L et al. Effects of transportation
of IV bags containing protein formulations via hospital pneu-
matic tube system: particle characterization by multiple methods.
J Pharmaceut Sci 2022;111:1024-39. https://doi.org/10.1016/.
xphs.2022.01.016

Spanish Guide of Good Preparation Practices (Guia de Buenas
Précticas de Preparacién de Medicamentos en Servicios de Far-
macia Hospitalaria (GBPP)). Ministerio de Sanidad, Consumo
y Bienestar Social. 2014. https://www.sefh.es/sefthpdfs/GuiaBPP_
JUNIO2014_VEpdf (19 January 2024, date last accessed).

KIRO Oncology. Robotic compounding system for sterile prepa-
rations of hazardous drugs. https://www.kirogrifols.com/kiro-
oncology/ (19 January 2024, date last accessed).

Do Pazo-oubina F, Alorda-Ladaria B, Gomez-Lobon A et al.
Thermolabile drug storage in an ambulatory setting. Sci
Rep 2021;11:5959. https://doi.org/10.1038/s41598-021-
85413-0

Narhi LO, Chou DK, Christian TR et al. Stress factors in
primary packaging, transportation and handling of protein
drug products and their impact on product quality. | Pharma-
ceut Sci 2022;111:887-902. https://doi.org/10.1016/j.xphs.2022.
01.011

den Engelsman J, Garidel P, Smulders R ez al. Strategies for the
assessment of protein aggregates in pharmaceutical biotech prod-
uct development. Pharm Res 2011;28:920-33. https://doi.org/10.
1007/s11095-010-0297-1

Labbot. One instrument to continuously track phase separa-
tion and aggregation. https://www.labbot.bio/?utm_source=old-
website&utm_medium=web&utm_campaign=relaunch (30 Jan-
uary 2024, date last accessed).

Peters BJ, Capelle MA, Arvinte T et al. Validation of an auto-
mated method for compounding monoclonal antibody patient
doses: case studies of Avastin (bevacizumab), Remicade (inflix-
imab) and Herceptin (trastuzumab). mAbs 2013;5:162-70.
https://doi.org/10.4161/mabs.22873

Patke S, Gaillat EN, Calero-Rubio C et al. A systematic approach
to evaluating closed system drug-transfer devices during drug
product development. | Pharmaceut Sci 2022;111:1325-34.
https://doi.org/10.1016/j.xphs.2021.12.020

Khaira M, Guy AL. Closed-system transfer device use with oncol-
ogy biologics: a survey of Canadian healthcare practitioners.
J Oncol Pharm Pract 2022;28:805-15. https://doi.org/10.1177/
10781552211010928

Baillie C, Desplanques M, Delbey S et al. Innovation in the trans-
port of cytotoxic drugs by a pneumatic transport system. Pharm
Technol Hosp Pharm 2017;2:23-7. https://doi.org/10.1515/pthp-
2016-0022

Snell JR, Monticello CR, Her C et al. DEHP nanodroplets leached
from polyvinyl chloride IV bags promote aggregation of IVIG
and activate complement in human serum. J Pharmaceut Sci
2020;109:429-42. https://doi.org/10.1016/j.xphs.2019.06.015
Sreedhara A, Glover ZK, Piros N et al. Stability of IgGl
monoclonal antibodies in intravenous infusion bags under
clinical in-use conditions. | Pharmaceut Sci 2012;101:21-30.
https://doi.org/10.1002/jps.22739

Kim NA, Kim DJ, Jeong SH. Do not flick or drop off-label use plas-
tic syringes in handling therapeutic proteins before administration.
Int | Pharm 2020;587:119704. https://doi.org/10.1016/j.ijpharm.
2020.119704

202 4990120 80 U0 1s9NB Aq $0Z529.2/020982ZW/ | /9€/3I01e/oybiul/woo"dno-ojwapese/:sdny woly papeojumoq


https://www.fda.gov/files/drugs/published/Biological-Product-Definitions.pdf
https://www.fda.gov/files/drugs/published/Biological-Product-Definitions.pdf
https://doi.org/https://doi.org/10.1016/j.xphs.2018.04.005
https://doi.org/https://doi.org/10.5599/admet.1209
https://www.fda.gov/drugs/drug-approvals-and-databases/compilation-cder-new-molecular-entity-nme-drug-and-new-biologic-approvals
https://www.fda.gov/drugs/drug-approvals-and-databases/compilation-cder-new-molecular-entity-nme-drug-and-new-biologic-approvals
https://www.fda.gov/drugs/drug-approvals-and-databases/compilation-cder-new-molecular-entity-nme-drug-and-new-biologic-approvals
http://phrma-docs.phrma.org/sites/default/files/pdf/biologics2013.pdf
http://phrma-docs.phrma.org/sites/default/files/pdf/biologics2013.pdf
https://doi.org/https://doi.org/10.1016/j.xphs.2017.02.029
https://doi.org/https://doi.org/10.1097/OP9.0000000000000031
https://doi.org/https://doi.org/10.1097/OP9.0000000000000031
https://doi.org/https://doi.org/10.1586/17512433.2016.1160778
https://doi.org/https://doi.org/10.1007/s00005-012-0189-7
https://doi.org/https://doi.org/10.1007/s00005-012-0189-7
https://doi.org/https://doi.org/10.1016/j.xphs.2023.05.003
https://doi.org/https://doi.org/10.1016/j.ajic.2014.11.026
https://doi.org/https://doi.org/10.1016/j.ajic.2014.11.026
https://doi.org/https://doi.org/10.1136/qshc.2005.015842
https://doi.org/https://doi.org/10.1136/bmjqs-2020-012538
https://doi.org/https://doi.org/10.1136/bmjqs-2020-012538
https://doi.org/https://doi.org/10.1016/j.xphs.2022.01.016
https://doi.org/https://doi.org/10.1016/j.xphs.2022.01.016
https://www.sefh.es/sefhpdfs/GuiaBPP_JUNIO2014_VF.pdf
https://www.sefh.es/sefhpdfs/GuiaBPP_JUNIO2014_VF.pdf
https://www.kirogrifols.com/kiro-oncology/
https://www.kirogrifols.com/kiro-oncology/
https://doi.org/https://doi.org/10.1038/s41598-021--85413-0
https://doi.org/https://doi.org/10.1038/s41598-021--85413-0
https://doi.org/https://doi.org/10.1016/j.xphs.2022.-01.011
https://doi.org/https://doi.org/10.1016/j.xphs.2022.-01.011
https://doi.org/https://doi.org/10.1007/s11095-010-0297-1
https://doi.org/https://doi.org/10.1007/s11095-010-0297-1
https://www.labbot.bio/?utm_source=old-website%26utm_medium=web%26utm_campaign=relaunch
https://www.labbot.bio/?utm_source=old-website%26utm_medium=web%26utm_campaign=relaunch
https://doi.org/https://doi.org/10.4161/mabs.22873
https://doi.org/https://doi.org/10.1016/j.xphs.2021.12.020
https://doi.org/https://doi.org/10.1177/10781552211010928
https://doi.org/https://doi.org/10.1177/10781552211010928
https://doi.org/https://doi.org/10.1515/pthp-2016-0022
https://doi.org/https://doi.org/10.1515/pthp-2016-0022
https://doi.org/https://doi.org/10.1016/j.xphs.2019.06.015
https://doi.org/https://doi.org/10.1002/jps.22739
https://doi.org/https://doi.org/10.1016/j.ijpharm.2020.119704
https://doi.org/https://doi.org/10.1016/j.ijpharm.2020.119704

International Journal for Quality in Health Care, 2024, 36, 1-8

DOI: https://doi.org/10.1093/intghc/mzae020

Advance Access Publication Date: 11 March 2024

Original Research Article

© The Author(s) 2024. Published by Oxford University Press on behalf of International Society for Quality in Health Care.

¥20Z 1890100 80 UO 158N Aq $0Z5Z9./0Z09€ZW/|/9€/2[o11e/oYbiul/W0d" dNo-olWapEdE//:SARY WOy Papeojumod



	How are we handling protein drugs in hospitals? A human factors and systems engineering approach to compare two hospitals and suggest a best practice
	 Introduction
	 Background

	 Methods
	 Results
	  SEIPS models analysis
	 Best current practices proposal

	 Discussion
	 Principal findings
	 Strengths and limitations
	 Interpretation within the context of the wider literature
	 Implications for policy, practice, and research

	 Conclusions
	Acknowledgements
	Author contributions
	Conflict of interests:
	Funding
	 Data Availability Statement
	References


