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AbSTrACT
Objectives The current systematic review (SR) was 
undertaken to summarise the published literature 
reporting the clinical and economic value of automation 
for chemotherapy preparation management to 
include compounding workflow software and robotic 
compounding systems.
Methods Literature searches were conducted in 
MEDLINE, Embase and the Cochrane Library on 16 
November 2017 to identify publications investigating 
chemotherapy compounding workflow software solutions 
used in a hospital pharmacy for the preparation of 
chemotherapy.
results 5175 publications were screened by title 
and abstract and 18 of 72 full publications screened 
were included. Grey literature searching identified 
an additional seven publications. The SR identified 
25 publications relating to commercial technologies 
for compounding (Robotic compounding systems: 
APOTECAchemo (n=12), CytoCare (n=5) and RIVA 
(n=1); Workflow software: Cato (n=6) and Diana (n=1)). 
The studies demonstrate that compounding technologies 
improved accuracy in dose preparations and reduced 
dose errors compared with manual compounding. 
Comparable levels of contamination were reported for 
technologies compared with manual compounding. 
The compounding technologies were associated with 
reductions in annual costs compared with manual 
compounding, but the impact on compounding times 
was not consistent and was dependent on the type of 
compounding technology.
Conclusions The published evidence suggests that 
the implementation of chemotherapy compounding 
automation solutions may reduce compounding errors 
and reduce costs; however, this is highly variable 
depending on the form of automation. In addition, 
the available evidence is heterogeneous, sparse and 
inconsistently reported. A key finding from the current 
SR is a ’call to action’ to encourage pharmacists to 
publish data following implementation of chemotherapy 
compounding technologies in their hospital, which would 
allow for evidence-based recommendations on the 
benefits of chemotherapy compounding technologies.

InTrOduCTIOn
There are potentially serious risks associated with 
the prescribing, dispensing, administration, and 
monitoring of chemotherapy.1 Chemotherapy 
compounding is a high-risk medical practice due 
to the toxicity of antineoplastics and the risk of 
contamination during the manufacturing process. 

The primary risk for patients includes errors in 
product identification, dose calculation, dose 
measurement, and drug preparation labelling.2 3 
Medical staff are also exposed to the risk of acci-
dental exposure to antineoplastics during drug 
preparation or administration due to accidental 
inhalation, ingestion, injection and percutaneous 
absorption.4 5 Traces of antineoplastics have been 
detected in healthcare workers’ urine samples, 
despite the use of safety cabinets for manual 
chemotherapy compounding.6

Chemotherapy-related medication-error preven-
tion is a high priority within pharmacies and hospi-
tals. There are international clinical guidelines 
that report strategies for preventing medication 
errors.7–11 Recent guidelines from the American 
Society of Health-System Pharmacists acknowledge 
that technologies to automate the preparation of 
chemotherapy are emerging10 and these include 
chemotherapy compounding workflow tech-
nology solutions consisting of chemotherapy work-
flow software and robotic compounding systems. 
Such systems have the potential to minimise and 
prevent chemotherapy medication errors (eg, due 
to the miscalculation of concentrations, inaccu-
rate preparations and incorrect use of diluent), 
reduce environmental contamination and reduce 
the exposure of healthcare workers to chemo-
therapeutics. In addition, these technologies may 
also allow for more cost-effective chemotherapy 
preparation compared with manual compounding. 
Compounding workflow software systems enable 
verification of chemotherapy preparations and 
improve the documentation of preparations using 
computer software, barcode technology and 
cameras.10 In comparison, robotic compounding 
workflow systems enclose and automate the chemo-
therapy compounding production process. Work-
flow software technologies are the most common 
of the technologies10; robotic technologies cost 
substantially more than workflow software technol-
ogies, both in terms of initial capital costs and costs 
associated with installation and implementation. 
Compounding workflow systems can introduce 
significant quality, safety, and manpower benefits 
into an existing work process without substantial 
capital expenditure.

Following the development of such automated 
technologies, it is critical to evaluate their imple-
mentation in a real-world hospital setting to ensure 
that the proposed benefits are apparent in daily 
use.
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Table 1 Eligibility criteria for study inclusion in the SR

Criteria Inclusion Exclusion

Population Subjects with cancer receiving chemotherapy
Pharmacists and other healthcare professionals responsible for the prescription, compounding, and 
dispensing of antineoplastics

–

Intervention Any robotic/automated compounding device/computer software used in a hospital pharmacy
Both gravimetric and volumetric compounding were of interest*

 ► External compounding services

Outcomes Clinical:
 ► Dose accuracy and precision
 ► Prescribing, preparation, dispensing, and administration errors (eg, % discrepancy between 

compounded and prescribed drug quantity)
 ► Contamination of the work area, for example, surface wipe sampling
 ► Number of robot-compounded chemotherapy doses rejected (and those associated with software)
 ► ADEs/potential ADEs
 ► Mortality

Economic:
 ► Total compounding time
 ► Total reconstitution time of lyophilised drugs into intravenous syringes/bags/bottles
 ► Number of doses prepared/failed preparations
 ► Robot % operational time
 ► Medication wastage/recycled, and vials reused
 ► Staff-associated costs, for example, training, FTEs employed/redeployed

 ► Healthcare workers’ perception

Study design Included:
 ► Randomised controlled trials
 ► Prospective/retrospective observational studies (including single-centre studies)
 ► Audits
 ► Ethnographic studies
 ► Budget impact analyses
 ► Cost studies

 ► News articles
 ► Letters
 ► Editorials
 ► Reviews
 ► Bulletins
 ► Guidelines

Date of publication/territory 
of interest

Restricted to publications published from 2000
No restriction on territory of interest

Articles published prior to 2000

Language of publication English language publications or foreign language publications with an English abstract –

*Gravimetric analysis uses a known specific gravity to quantitatively determine the amount of a substance based on measured weight versus volumetric analysis which employs 
the markings on a syringe to visually measure the amount of liquid being added or removed during the compounding process.
ADE, adverse drug events; FTE, full-time equivalent; SR, systematic review.

Objectives
This systematic review (SR) was undertaken to review the 
published literature on the clinical and economic value of chemo-
therapy compounding workflow technology solutions compared 
with manual compounding, across all brands. The primary focus 
was the benefit of technology solutions in terms of efficiency/
productivity, patient safety, contamination and costs. The SR 
was performed in accordance with Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.12

METhOdS
Search strategy
Searches of MEDLINE In-Process, MEDLINE, Embase and the 
Cochrane Library were performed via Ovid on 16th November 
2017. The search strategy used to interrogate the Embase 
database is provided in the online supplementary file, table 1. 
Supplementary searches of conference proceedings for the Clin-
ical Pharmacy Congress, World Congress on Clinical Pharmacy 
and Pharmacy Practice, Medication Safety Conference, Euro-
pean Association of Hospital Pharmacists, American Pharmacists 
Association Congress, International Society for Pharmacoeco-
nomics and Outcomes Research, American Society of Clinical 
Oncology, European Society for Medical Oncology, Clinical 
Oncology Society of Australia and British Oncology Pharmacy 
Association were conducted from 2014 to 2017. Additional 
searches of pharmacist societies including the Institute for Safe 
Medication Practices, Royal Pharmaceutical Society and Euro-
pean Association of Hospital Pharmacists were also conducted.

Inclusion and exclusion criteria
Search results were screened for studies of any design reporting 
at least one outcome measure of interest (ie, clinical or economic) 
related to patients receiving chemotherapy or healthcare 
professionals responsible for the prescription, compounding, 
and dispensing of antineoplastics with robotic/automated 
compounding device/computer software used in a hospital 
pharmacy. English language publications and publications with 
an abstract in English published post-2000 were included. Full 
details of the eligibility criteria are provided in table 1.

Study selection and data extraction
Citations of interest were identified by a member of the team 
(authors SB or SAM) and verified by an independent reviewer 
(authors SB or SAM), based on title and abstract. Full publica-
tions were obtained for all citations of interest and were assessed 
by one reviewer and verified by a second reviewer. Any uncer-
tainties were resolved through discussion. Data were extracted 
into an Excel spreadsheet by one reviewer and checked against 
the original publication by a second reviewer.

Quality assessment
Included primary studies were assessed using the quality assess-
ment tool for quantitative studies of the Effective Public Health 
Practice Project (EPHPP).13 The EPHPP tool is considered suit-
able for use in SR publications including studies of different 
designs.

 on A
ugust 26, 2019 by guest. P

rotected by copyright.
http://ejhp.bm

j.com
/

E
ur J H

osp P
harm

: first published as 10.1136/ejhpharm
-2019-001948 on 21 A

ugust 2019. D
ow

nloaded from
 



3Batson S, et al. Eur J Hosp Pharm 2019;0:1–7. doi:10.1136/ejhpharm-2019-001948

Systematic review

Figure 1 PRISMA (Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) flow diagram.

Figure 2 Error rates/dosing accuracy across the studies investigating APOTECAchemo. Dark blue relates to APOTECAchemo compounded preparations and 
light blue related to manual compounded preparation. *Outcomes reported as % error rate. †Outcomes reported as % dose accuracy. ‡Outcomes reported 
as absolute % error responses. ≠Outcomes reported as mean dose error. ¥Outcomes reported as mean % relative errors. ††Data from the third-generation 
robot and all other data from Palma 2012/2014 are from the first-generation robot.

Due to the inconsistent reporting of outcomes across the 
primary studies, a formal quantitative evidence synthesis of the 
results was not feasible. Rather, a qualitative summary of the 
results was reported. In general, studies were well reported and 
all studies were rated as having a moderate global rating with 
the exception of Yaniv 2017 which was rated as weak due to the 
study design.14

rESulTS
A total of 5797 unique citations were identified in the electronic 
searches and after removal of 622 duplicates, 5175 articles 
were screened by title and abstract. In total, 5103 articles were 
excluded, and 72 articles were potentially relevant and following 
full publications review, 18 publications were included.14–31 
Hand searching yielded an additional seven publications for 
inclusion.32–38 Therefore, a total of 25 publications met the 
inclusion criteria (figure 1).14–38 All studies were published 
from 2009 onwards. A summary of study design and results is 
provided in the online supplementary file, table 2. The results of 
the quality assessment are provided in the online supplementary 
file, table 3.

Seven publications reporting on chemotherapy workflow 
software were included in the SR: six publications reporting on 
Cato15–17 33 34 38 and one publication reporting on Diana.35 In 
comparison, 18 publications reporting on robotic compounding 
systems were included; 12 publications reporting on APOTE-
CAchemo14 18–27 32; 5 publications reporting on CytoCare28–31 36 
and 1 on RIVA.37 The quality of the included primary studies 
(see online supplementary file, table 3) was generally graded as 
moderate or weak due to the absence of randomised controlled 
study designs.39

robotic compounding systems
APOTECAchemo was the most comprehensively studied 
robot.14 18–27 32 A single study reported the progressively robo-
tised preparation of chemotherapy from 2007 (first generation) 
to 2011 (third generation).22 23 All remaining studies did not 
state the generation of the APOTECAchemo robot and the mean 
dose accuracy for the third-generation robot was reported to be 
0.8% (standard deviation (SD) 1.7%).22 23

Results highlighted variability in the dose accuracy of the robot 
for different classes of chemotherapy (figure 2).18 19 22 23 25 26 32 
For example, a single study reported the mean relative errors 
of compounding with APOTECAchemo for trastuzumab were 
−3.7% compared with 2.54% for etoposide.19 Further, a 
study reported that the dose accuracy of compounding with 
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Figure 3 Mean preparation times reported across the studies investigating APOTECAchemo. Dark blue relates to APOTECAchemo compounded 
preparations and light blue related to manual compounded preparation. *Data reported for the third generation APOTECAchemo robot. †Data reported 
assumed to be for the first-generation APOTECAchemo robot (installed September 2007) (data converted from seconds to minutes from figure 1 of 
publication).

Figure 4 Preparation times reported across the studies investigating 
CytoCare. Dark blue relates to CytoCare compounded preparations and 
light blue relates to manual compounded preparation. Note that some 
conversions were applied to generate the graph (ie, reported seconds 
converted to minutes).

APOTECAchemo for paclitaxel oleate was −0.28% compared 
with −3.3% for a docetaxel combination.25

A single study investigating contamination associated with 
APOTECAchemo reported comparable contamination levels 
with manual compounding of cyclophosphamide infusion bags 
over 4 days, reporting that the contamination of infusion bags 
was lower with the robot.21 A cost volume analysis indicated that 
annual total cost savings with APOTECAchemo were reported 
only after the preparation of 34 000 units per year, primarily 
due to the fixed costs of the robot (the study evaluated 10 
routinely used agents including fluorouracil, cyclophosphamide, 
gemcitabine, trastuzumab, bevacizumab, oxaliplatin, cisplatin, 
paclitaxel, irinotecan and etoposide).19 Use of APOTECAchemo 
was associated with a longer preparation time compared with 
manual compounding (figure 3),18 19 22 23 with the exception of a 
single study reporting on the compounding of abraxane.26

Five publications reported on the implementation of Cyto-
Care28–31 36, two of which investigated first-generation robotic 
compounding systems.29 30 A comparative study investigating a 
range of chemotherapy agents suggested that CytoCare improved 
dose medication accuracy compared with manual compounding; 
failed accuracy measurements, 0.9% vs 12.5% respectively.30 A 
further study investigating environmental contamination during 
the robotic preparation of cyclophosphamide reported that Cyto-
Care was associated with lower levels of contamination (product 
and worker exposure) compared with manual preparation.31

Only minor savings in labour costs were reported for Cyto-
Care compared with manual compounding across a range of 
chemotherapy agents (mean labour cost per preparation $5.22 
vs $5.10 respectively),30 and the implementation of CytoCare 
was not associated with a subsequent reduction in the number 
of full-time equivalent (FTE) pharmacists or technicians investi-
gating the compounding of several different agents.28 However, 
lower skilled staff were able to operate CytoCare and it was 
both cheaper and simpler to train staff to operate CytoCare 
versus manual compounding.36 Consistent with findings for 
APOTECAchemo, CytoCare was associated with an increased 
overall preparation time compared with manual compounding 
(figure 4).28 30

A single study investigating RIVA reported that chemotherapy 
preparation waiting times for patients (defined as the time 

patients waited in ‘Ready for Chemo’) were reduced by 36% 
following implementation of the robot.37

Compounding workflow systems
Six publications investigated Cato (generation of the software not 
stated).15–17 33 34 38 A single study investigating the compounding 
of 28 common chemotherapy agents reported a mean per cent 
difference between the prescribed dose and final accuracy dose 
of −0.62% (range: −5.04% to 4.97%) and highlighted the grav-
imetric technique to be key to the workflow process, detecting 
the largest proportion of dose errors.16 In general, pharmacy 
compounding time was reduced with Cato compared with 
manual compounding (figure 5).16 34 38

No data on environmental contamination with Cato were 
reported. Installation of Cato for compounding 28 common 
chemotherapy agents resulted in annual labour cost savings of 
$158 000 versus preinstallation.16 A further study reported esti-
mated annual savings of £456 809 following the installation of 
Cato for the preparation of 40 doses of paclitaxel and bevaci-
zumab extrapolated over 12 months, with the largest propor-
tion of cost savings from campaign compounding and minimum 
wasted value.38
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Figure 5 Mean preparation times reported across the studies 
investigating Cato. Dark blue relates to Cato compounded preparations 
and light blue relates to manual compounded preparations without 
compounding workflow software.

A single study reporting on the Diana workflow system 
(unclear territories and locations) reported that the real-world 
accuracy of preparations for 14 different agents (including 
carboplatin, cyclophosphamide, fluorouracil and paclitaxel) was 
improved compared with the published accuracy specifications 
for Diana (reported as the first SD).35

dISCuSSIOn
The SR identified 25 publications relating to commercial tech-
nologies for chemotherapy compounding.14–38 While current 
guidelines do not discuss the benefits of automated compounding 
technology in great detail, the use of gravimetric technology is 
recommended in the preparation of chemotherapy.9 Indeed, the 
benefits of gravimetric versus manual volumetric preparation of 
hazardous compounded sterile products in terms of faster prepa-
ration and improved accuracy and staff perception has been 
confirmed in a recent US study conducted at a medical centre 
inpatient pharmacy.40

In general, the studies reporting on commercial technologies 
were inconsistent in terms of their design and the format of 
reporting of outcomes. The primary comparison of interest for 
the current review was that of automated compounding tech-
nologies with manual compounding approaches. This is because 
manual compounding is still widely used for the preparation of 
chemotherapy in all territories of interest.

In summary, the compounding technologies demonstrated 
improved accuracy in dose preparation and a reduction in dose 
errors compared with manual compounding.14–36 The current 
SR highlights a lack of data relating to the patient health conse-
quences of chemotherapy accuracy and dose errors in studies 
investigating compounding technologies. However, research 
suggests that errors during the treatment of cancer can poten-
tially lead to physical, psychological and social consequences for 
the patient.41

Contamination levels were variable with robotic compounding 
systems and were either comparable or lower than manual 
compounding processes.18 21 31 The compounding technolo-
gies were associated with reductions in annual costs compared 
with manual compounding,16 19 30 32 36 38 but the impact on 
compounding times was not consistent and was dependent 
on the type of compounding technology under investiga-
tion.16 18 19 22 23 26 29 30 33 34 37 38 The SR highlights data gaps across 

several commercial brands in demonstrating their end-to-end 
solution from prescription to administration. Two key data gaps 
include the use of barcode-assisted medication administration 
(BCMA) and electronic prescribing. Targeted literature searches 
failed to identify studies relating to BCMA in the oncology 
setting, but a previous SR investigating the effect of BCMA 
on the frequency, type, and severity of medication administra-
tion errors in the hospital inpatient setting reported BCMA to 
be associated with a reduction in errors; however, long-term 
effects on error reduction were often not assessed.42 A recent 
review identified publications reporting on the implementation 
of electronic prescribing systems for chemotherapy in ambula-
tory and inpatient care settings.43 Results indicated that elec-
tronic prescribing resulted in a statistically significant reduction 
in prescribing errors, primarily those involving dose calculation 
or adjustment.43

Due to inherent differences between robotic compounding 
systems (limited to compounding stage only) and workflow 
compounding systems (which can impact across the entire work-
flow), it would not be relevant to directly compare the two 
technologies, and indeed maximum benefit may be achieved 
by combining workflow software and robotic compounding 
systems.

Both robotic and workflow compounding systems were asso-
ciated with reductions in annual costs compared with manual 
compounding16 19 32 38 and data from recently published studies 
suggest that these reductions may result from improvements in 
staff utilisation and supply cost savings with automated versus 
manual preparation.44–46 However, a cost-volume analysis 
suggests that the higher annual fixed costs of robotic systems 
results in a high breakeven point in terms of the number of 
preparations required (34 000 preparations annually) in return 
for the initial investment.19 Robotic systems consistently 
demonstrated increased preparation times compared with 
manual compounding, a finding which suggests that robotic 
compounding systems introduce unintended consequences 
in terms of workflow efficiency.18 19 22 23 26 29 30 In contrast, 
Cato, a chemotherapy workflow software solution demon-
strated reduced preparation times in comparison with manual 
compounding.16 33 34 38 Cato is the only intervention included in 
the SR which manages the entire workflow for oncology therapy 
management, although it must be noted that no published data 
relating to workflow stages other than compounding were iden-
tified for this system. However, workflow compounding systems 
must interface with other electronic medical record (EMR) 
systems and incorporate all types of intravenous medications 
(ie, antibiotics, parenteral nutrition) and not just chemotherapy 
to fully realise their closed loop potential. Robotic systems 
may have a place in the preparation of ‘simple’, standard dose-
banded chemotherapy agent orders received in advance which 
have a long expiry, and which do not need to be dispensed to 
a named patient (eg, gemcitabine, cyclophosphamide); they 
are less likely to be routinely used for the compounding of 
‘complex’ variable dose agents. Productivity or efficiency of 
both workflow solutions and robotic systems is influenced by 
the time between prescription and administration. Larger time 
spans and longer drug shelf lives enable better utilisation of 
robot technology. Key potential benefits of automation using 
robotic compounding systems which have not been considered 
in the literature related to chemotherapy compounding are the 
ability of automated solutions to reduce both needlestick and 
repetitive strain injuries due to the nature of the process and the 
postures required in the manual preparation of cytotoxic drugs 
and to reduce the skillset required to operate machinery.
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While the automation of chemotherapy compounding has 
the potential to offer both clinical and economic benefits in the 
hospital pharmacy setting, the current SR highlights a lack of 
published evidence reflecting the real-life challenges following 
the implementation of automation solutions in hospital pharma-
cies. This may be a consequence of the fact that 10 of the studies 
were sponsored by the technology manufacturers. For example, 
issues which are not highlighted by the current published 
evidence base include the potential requirement for on-site 
specialists to address issues arising with robotic compounding 
systems: an FTE staff member may be required to load and 
unload compounds to the robot which is associated with an 
incremental cost. Also, robotic compounding systems are limited 
in the size of vials that can be handled and not always able to 
manipulate ampoules, intravenous pumps or cassettes, which 
impacts the processes they are able to undertake. There may also 
be country-specific differences, with certain countries having 
embraced the adoption and utilisation of EMR more readily 
than others (ie, those with a larger number of EMR Adoption 
Model 6 and 7 hospitals as defined by the Healthcare Informa-
tion and Management Systems Society). There are also a number 
of barriers to adoption of automated compounding technolo-
gies including the high initial costs of installation/implementa-
tion and the perceived lack of robust, high-quality published 
evidence concerning the economic/clinical benefits (which has 
been confirmed by the current SR).

limitations
The results of the current SR must be interpreted in light of several 
potential limitations. The SR was restricted to English-language 
publications which may limit the global relevance of the findings. 
The absence of evidence for many commercial chemotherapy 
compounding technologies (ie, KIRO Oncology, CHIMIO and 
Oncofarm) is indicative of a lack of peer-reviewed studies in this 
field, which may result from publication bias. The overall quality 
of the evidence base was low. This is primarily due to the obser-
vational nature of the included studies, as such studies are asso-
ciated with well-characterised bias from unknown confounders 
which can impact outcome measurements.

The studies included in the SR are heterogeneous in several 
aspects of their study design and outcomes reported both within 
and between the evidence base for each of the five technology 
systems. Notable factors contributing to heterogeneity across the 
evidence base include the generation/version of technology was 
rarely reported across the studies and difference in the perfor-
mance of first- and third-generation robotic systems has been 
observed in practice22 23; it was often challenging to ascertain 
the time between technology implementation and study initi-
ation (and staff training); the study durations ranged from 
4 days21 to 3 years29; methods of data collection (technician 
observations or using data from technology software) and the 
potential bias which can be associated with observations and the 
potential Hawthorne effect47 48 and the inconsistent reporting 
of outcomes. These limitations impact our ability to conduct 
a robust synthesis of the evidence from multiple studies for a 
particular technology or to generate indirect inferences between 
technologies.

Contributors All authors made substantial contributions to the current manuscript. 
In particular, SB, SAM, DL, and MC designed and finalised the study protocol. SB 
and SAM conducted the systematic review. All authors provided input into the initial 
manuscript draft, critiqued and revised the subsequent drafts, and approved the final 
version of the manuscript. Becton Dickinson were unable to veto the final draft of 
the manuscript.

Funding Becton Dickinson funded the research through Mtech Access.

Competing interests AdG, IS and UL received an honorarium from Becton 
Dickinson. AdG also received a grant from BD, during the conduct of the study. SB 
and SAM of Mtech Access were paid consultants to Becton Dickinson.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

data availability statement All data relevant to the study are included in the 
article or uploaded as supplementary information.

RefeRences
 1. Weingart SN, Toro J, Spencer J, et al. Medication errors involving oral chemotherapy. 

Cancer 2010;6:2455–64.
 2. Bond CA, Raehl CL, Franke T. Clinical pharmacy services, hospital pharmacy staffing, 

and medication errors in United States hospitals. Pharmacotherapy 2002;22:134–47.
 3. Gilbert RE, Kozak MC, Dobish RB, et al. Intravenous chemotherapy compounding 

errors in a follow-up Pan-Canadian observational study. J Oncol Pract 
2018;14:e295–303.

 4. Valanis B, Vollmer WM, Steele P. Occupational exposure to antineoplastic agents: self-
reported miscarriages and stillbirths among nurses and pharmacists. J Occup Environ 
Med 1999;41:632–8.

 5. Ratner PA, Spinelli JJ, Beking K, et al. Cancer incidence and adverse pregnancy 
outcome in registered nurses potentially exposed to antineoplastic drugs. BMC Nurs 
2010;9:15.

 6. Harrison BR. Risks of handling cytotoxic drugs. The chemotherapy source book. 
Philadelphia, PA: Lippincott Williams & Wilkins, 2001.

 7. Maximize benefits of IV workflow management systems by addressing Workarounds 
and errors. ISMP medication safety Aler, 2017. Available: https://www. ismp. org/ 
newsletters/ acutecare/ showarticle. aspx? id= 1177

 8. Rich D, Fricker Jr M, Cohen M, et al. Guidelines for the safe preparation of sterile 
compounds: results of the ISMP sterile preparation compounding safety Summit of 
October 2011. Hosp Pharm 2013;48:282–94.

 9. ISMP Guidelines for Safe Preparation of Compounded Sterile Preparations. Institute 
for Safe Medication Practices, 2016

 10. Goldspiel B, Hoffman JM, Griffith NL, et al. ASHP guidelines on preventing medication 
errors with chemotherapy and biotherapy. Am J Health Syst Pharm 2015;72:e6–35.

 11. Kohler DR, Montello M, Goldspiel BR, et al. ASHP guidelines on preventing medication 
errors with antineoplastic agents. Am J Health-Syst Pharm 2002;59:1648–68.

 12. Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic reviews 
and meta-analyses: the PRISMA statement. Open Med 2009;3:e123–30.

 13. Effective Public Health Practice Project. Quality assessment tool for quantitative 
studies. Hamilton, ON: Effective Public Health Practice Project, 1998. Available: 
https:// merst. ca/ ephpp/

 14. Yaniv AW, Orsborn A, Bonkowski JJ, et al. Robotic i.v. medication compounding: 
recommendations from the International community of APOTECAchemo users. Am J 
Health-Syst Pharm 2017;74:e40–6.

 15. Carrez L, Bouchoud L, Fleury-Souverain S, et al. Reliability of chemotherapy 
preparation processes: evaluating independent double-checking and computer-
assisted gravimetric control. J Oncol Pharm Pract 2017;23:83–92.

 16. Reece KM, Lozano MA, Roux R, et al. Implementation and evaluation of a gravimetric 
i.v. workflow software system in an oncology ambulatory care pharmacy. Am J Health-
Syst Pharm 2016;73:165–73.

 17. Terkola R, Czejka M, Bérubé J. Evaluation of real-time data obtained from gravimetric 
preparation of antineoplastic agents shows medication errors with possible critical 
therapeutic impact: results of a large-scale, multicentre, multinational, retrospective 
study. J Clin Pharm Ther 2017;42:446–53.

 18. Iwamoto T, Morikawa T, Hioki M, et al. Performance evaluation of the compounding 
robot, APOTECAchemo, for injectable anticancer drugs in a Japanese Hospital. J 
Pharm Health Care Sci 2017;3.

 19. Masini C, Nanni O, Antaridi S, et al. Automated preparation of chemotherapy: quality 
improvement and economic sustainability. Am J Health-Syst Pharm 2014;71:579–85.

 20. Yaniv AW, Knoer SJ. Implementation of an i.v.-compounding robot in a hospital-based 
cancer center pharmacy. Am J Health-Syst Pharm 2013;70:2030–7.

 21. Schierl R, Masini C, Groeneveld S, et al. Environmental contamination by 
cyclophosphamide preparation: comparison of conventional manual production in 
biological safety cabinet and robot-assisted production by APOTECAchemo. J Oncol 
Pharm Pract 2016;22:37–45.

 22. Palma E, Bufarini C. Robot-assisted preparation of oncology drugs: the role of nurses. 
Int J Pharm 2012;439:286–8.

 23. Palma E, Bufarini C. Robotized compounding of oncology drugs in a hospital 
pharmacy. Int J Pharm Compd 2014;18:358–64.

 24. Pugliese S, Nigri N, Moriconi L, et al. Automated intravenous chemotherapy workflow: 
the added benefit to reduce potential medication errors. Eur J Hosp Pharm2017;24.

 25. Corridoni S, Ciacco E, Liberatore E, et al. PP-011 Accuracy in the preparation of 
antiblastic treatment. Eur J Hosp Pharm 2015;22(Suppl 1):A121.1

 on A
ugust 26, 2019 by guest. P

rotected by copyright.
http://ejhp.bm

j.com
/

E
ur J H

osp P
harm

: first published as 10.1136/ejhpharm
-2019-001948 on 21 A

ugust 2019. D
ow

nloaded from
 



7Batson S, et al. Eur J Hosp Pharm 2019;0:1–7. doi:10.1136/ejhpharm-2019-001948

Systematic review

 26. Marinozzi A, Bufarini C, Guglielmi S, et al. PP-024 The automated compounding of 
paclitaxel albumin as a sustainable alternative to the traditional compounding. Eur J 
Hosp Pharm 2014;21(Suppl 1):A131.1

 27. Pacheco P, Paolucci D, Arenaza AE, et al. Implementation of a robot for the 
preparation of antineoplastic drugs in the pharmacy service. J Oncol Pharm Pract 
2016;1.

 28. Chen W-H, Shen L-J, Guan R-J, et al. Assessment of an automatic robotic arm for 
dispensing of chemotherapy in a 2500-bed medical center. J Formos Med Assoc 
2013;112:193–200.

 29. Nurgat Z, Faris D, Mominah M, et al. A three-year study of a first-generation 
chemotherapy-compounding robot. Am J Health-Syst Pharm 2015;72:1036–45.

 30. Seger AC, Churchill WW, Keohane CA, et al. Impact of robotic antineoplastic 
preparation on safety, workflow, and costs. Journal of Oncology Practice 
2012;8:344–9.

 31. Sessink PJM, Leclercq GM, Wouters D-M, et al. Environmental contamination, product 
contamination and workers exposure using a robotic system for antineoplastic drug 
preparation. J Oncol Pharm Pract 2015;21:118–27.

 32. Massacese S, Ciacco E, Liberatore E, et al. A robotic system in support of the hospital 
pharmacist in management of metastatic colorectal cancer therapies. J Oncol Pharm 
Pract 2014;1.

 33. Gavin P. Gravimetric manufacturing of chemotherapy optimising its place in 
production. National Association of Hospital Pharmacy Technicians conference, 2017.

 34. Dickinson B. Enhancing Safety & Quality for Pharmacy Medication Preparation 
East Tallinn Central Hospital, (ETCH) Tallinn, Estonia, 2016. Available: http://
wwwhospitalpharmacyeuropecom/innovation-driving-improvements-safety-
pharmacist-patient

 35. ICU Medical Inc. Accuracy evaluation of the Diana™ hazardous drug compounding 
system, 2014

 36. Leonard D. Automating the preparation of chemotherapy in a UK pharmacy 
department. Hospital pharmacy Europe, 2009. Available: http://www. hosp ital phar 
macy europe. com/ david- leonard/ automating- preparation- chemotherapy- uk- pharmacy- 
department

 37. Patel M, Spirovski B. Impact of automation on chemotherapy preparation time. 
Canadian association of pharmacy in oncology, 2016. Available: http://www. 

capho. org/ sites/ default/ files/ page- files/ Impact% 20of% 20Automation% 20on% 
20Chemotherapy% 20Preparation% 20Time% 20-% 20Mihir% 20Patel. pdf

 38. BD. Driving efficiency and improving safety. Satellite symposium convened at the 23rd 
European Association of Hospital Pharmacists Congress, 2018. Available: http://www. 
hosp ital phar macy europe. com/ content/ driving- efficiency- and- improving- safety

 39. Guyatt GH, Oxman AD, Kunz R, et al. What is "quality of evidence" and why is it 
important to clinicians? BMJ 2008;336:995–8.

 40. Roberts PA, Willoughby IR, Barnes N, et al. Evaluation of a gravimetric-based 
technology-assisted workflow system on hazardous sterile product preparation. Am J 
Health Syst Pharm 2018;75:1286–92.

 41. Lipczak H, Dørflinger LH, Enevoldsen C, et al. Cancer patients’ experiences of error 
and consequences during diagnosis and treatment. Patient Exp J 2015;2:102–10.

 42. Hassink JJM, Jansen MMPM, Helmons PJ. Effects of bar code-assisted 
medication administration (BCMA) on frequency, type and severity of 
medication administration errors: a review of the literature. Eur J Hosp Pha
rm2012;19:489–94.

 43. Elsaid K, Collins C, Garguilo S. Chemotherapy e-prescribing: opportunities and 
challenges. IPRP 2015;4:39–48.

 44. Silimbani P, Tontini M, Moriconi L, et al. 3PC-025 Optimisation of compounding 
organisation after implementing a robotic system for automated preparation of 
oncologic drugs. Eur J Hosp Pharm 2019;26(Suppl 1):A48.

 45. Bhakta SB, Colavecchia AC, Coffey W, et al. Implementation and evaluation of a 
sterile compounding robot in a satellite oncology pharmacy. Am J Health Syst Pharm 
2018;75(11 Supplement 2):S51–S7.

 46. Marzal-Alfaro MB, Escudero-Vilaplana V, Rodríguez-González CG, et al. Error detection 
and cost savings with an image-based workflow management system connected to 
a computerized prescription order entry program for antineoplastic compounding. J 
Patient Saf 2019:1.

 47. Hammer GP, du Prel J-B, Blettner M. Avoiding bias in observational studies: part 
8 in a series of articles on evaluation of scientific publications. Dtsch Arztebl Int 
2009;106:664–8.

 48. McCambridge J, Witton J, Elbourne DR. Systematic review of the Hawthorne effect: 
new concepts are needed to study research participation effects. J Clin Epidemiol 
2014;67:267–77.

 on A
ugust 26, 2019 by guest. P

rotected by copyright.
http://ejhp.bm

j.com
/

E
ur J H

osp P
harm

: first published as 10.1136/ejhpharm
-2019-001948 on 21 A

ugust 2019. D
ow

nloaded from
 


