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Abstract

Introduction: Low surface contamination levels of hazardous drugs in compounding areas can be used as indicators of
exposure and efficacy of cleaning procedures. We report the efficacy results of the KIRO® Oncology self-cleaning
automated compounding system for decontamination of cytotoxic drugs, assessed in an oncology health center using
a sanitizing method and an alkaline method.

Methods: The study was conducted for six-days over a three-week period. A mixture with known levels of 5-fluoro-
uracil, ifosfamide, cyclophosphamide, gemcitabine, etoposide, methotrexate, paclitaxel, docetaxel and carboplatin was
added to the KIRO® Oncology’s compounding area surface before each self-cleaning method was used. Contamination
levels were determined, with a surface wipe sampling kit, at the end of the self-cleaning process.

Results: Background surface contamination for quantified levels of cytotoxic drugs during routine use of KIRO®
Oncology was below limit of quantification (<LOQ) for all drugs, except for carboplatin, which has a very low LOQ
(0.2 ng/sample). The quantified drug levels detected on surface wipe samples after self-cleaning using both methods in
the KIRO® Oncology’s compounding area surface sections were all <LOQ when spiking with | ng/cm? (ten times the
‘safe’ reference value), except for carboplatin (alkaline method only), although its levels were still below the ‘safe’
reference value (0.1 ng/cm?). For surface contamination levels when spiking with 100 ng/cm?, both self-cleaning methods
had decontamination efficacies >99.8% for all cytotoxic drugs analyzed.

Conclusion: This study provides evidence on the efficacy of the KIRO® Oncology automatic self-cleaning system for
surface area decontamination during the preparation of cytotoxic drugs.
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Introduction

Continuous exposure to cytotoxic drugs increases the
risk of mutagenic, carcinogenic or teratogenic effects in
healthcare workers. Although many countries have
adopted guidelines and recommendations for the safe
handling of cytotoxic drugs, no standards exist for
acceptable cytotoxic drug levels in compounding Corresponding author:
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should be kept as low as reasonably achievable
(“ALARA™).?

Some studies have recommended using threshold
guidance values (“TGVs”) based on contamination
levels of 100 hospitals in Germany, considering the
75th percentile level (0.03ng/cm?) the achievable
TGV.? Other studies have recommended the use of
the 90th percentile and suggested a substance-
independent guidance value of 0.1 ng/cm® based on
their findings for S-fluorouracil contamination in 130
hospitals in Germany.*

A Dutch study established 0.1 ng/cm? to be the sur-
face contamination level below which cyclophospha-
mide was not detectable in the urine of healthcare
workers, and recommended a general target surface con-
tamination level of 0.1ng/em? (percentile 90th) and a
prohibitory level of 10ng/cm? (percentile 99th).” These
values have been widely used as the reference for cyto-
toxic drug levels on surfaces of compounding facilities
for most of the drugs, although some studies have
described more detailed drug-specific threshold values.®

However, routine monitoring of chemical contami-
nation levels in compounding facilities is still not a
standard practice for process or cleaning qualification,
neither for quality control nor for worker healthcare
evaluation. This lack of routine monitoring may be due
to the limited number of validated tests for the quan-
tification of cytotoxic drugs.” Additionally, the high
cost of these tests limits the availability of data to
assess the impact of implementing quality systems or
corrective actions.? As a result, chemical contamination
with cytotoxic drugs is found inside and outside the
direct compounding areas in pharmacy facilities, in
the final products, and on the operator garments,
regardless of whether isolators or laminar airflow cab-
inets are being used. These results are particularly pro-
nounced in those pharmacies where there is not a
consistent cleaning protocol in operation.® 3

Advanced containment technologies, such as closed-
system transfer devices (CSTDs) or robotic systems
highly reduce, but do not completely eliminate, chem-
ical contamination levels in compounding areas and
final preparations.'*>® Therefore, effective cleaning
methods capable of inactivating all cytotoxic drugs cur-
rently used for the treatment of cancer patients are still
warranted.

KIRO® Oncology (Kiro Grifols, a Grifols company,
Gipuzkoa, Spain) is an automated pharmacy com-
pounding device for the preparation of compounded
sterile products that includes a self-cleaning system
for the chemical decontamination of the compounding
area. Here we report the results of a study conducted in
an oncology health center in which the efficacy of the
KIRO® Oncology self-cleaning system for the decon-
tamination of common cytotoxic drugs was assessed.

Materials and methods

Objectives

The goal of this study was to determine the efficacy of
the KIRO® Oncology self-cleaning system for the
decontamination of common cytotoxic drugs. To this
end, a mixture with known levels of nine commercially
available cytotoxic drugs was added to the system’s
compounding area, and contamination levels were
determined after spiking followed by the sanitizing
cleaning method and after spiking followed by the
alkaline cleaning method.

The study was conducted during three weeks (two
working days per week) after routine use of the system
for compounding at Fundacion Onkologikoa (Gipuzkoa,
Spain), a reference health center committed to the pre-
vention, diagnosis, research and treatment of cancer.

Automatic compounding system description

KIRO® Oncology is an automated system designed for
the compounding of intravenous (IV) treatments,
including cytotoxics and biologicals.”**> The com-
pounding area comprises two robotic arms able to per-
form separate tasks simultancously (Figure 1(a)) and
cameras for the identification of vials, IV bags, and
supplies by comparing images and barcodes with
those stored in the system database. Gravimetric con-
trols are performed at each step of the compounding
process and final products are released based on their
accuracy to the prescribed dose (final containers: infu-
sion bags, capped syringes, cassettes or elastomeric
pumps, Figure 1(b)). Additionally, partially used vials
can be stored in the system and their use in subsequent
doses tracked.

Furthermore, two peristaltic pumps complete the
diluent filling of empty containers and lyophilized
drug vials (Figure 1(c)).

KIRO® Oncology’s self-cleaning system (Figure 1
(d)) consists of spraying sequentially 15L of cleaning
solution on the surfaces of the compounding area and
on the adaptors. Drying of the machine is carried out
by means of the airflow system, with the possibility of
adding germicidal UVC light. The cleaning solutions
are drained through the system entirely and collected
in a waste container for disposal according to
institution$ policies and local regulations.

Self-cleaning procedure description

The cleaning solution to be used can combine different
cleaning agents to attain chemical decontamination, san-
itizing and/or disinfection effects. In this study, to assess
the decontamination efficacy of two cleaning methods,
the following cleaning procedures were used: i) a
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Figure . Some features of the Kiro® Oncology system: (a) two
robotic arms to perform separate tasks simultaneously; (b) final
containers: infusion bags, syringes, cassettes, or elastomeric
pumps; (c) Two peristaltic pumps for diluent filling of empty
containers and reconstitution of lyophilized drug vials; (d) Self-
cleaning for decontamination of cytotoxic drugs.

sanitizing cleaning method spraying 5L of sanitizing
solution, 2% Sporklenz Ready To Use (Steris
Corporation, Mentor OH, USA) after having sprayed
10 L of sterile water, and ii) an alkaline cleaning method
consisting of spraying 5L of an alkaline solution, 1%
Proklenz (Steris Corporation, Mentor OH, USA) fol-
lowed by the spraying of 10 L of sanitizing solution.

Cytotoxic drug solutions preparation and spiking

Nine cytotoxic drugs commonly used in compounding
facilities were chosen for this study: S5-fluorouracil
(50 mg/mL, Accord Healthcare S.L.U., Barcelona,

Spain), ifosfamide (50 mg/mL Baxter Healthcare Ltd,
Thetford, UK), cyclophosphamide (20mg/mL after
reconstitution with 50mL sterile water for injection,
Baxter Oncology GmbH, Halle, Germany), gemcita-
bine (38 mg/mL, Pfizer, S.L., Alcobendas, Spain), eto-
poside (20 mg/mL, Sandoz Farmacéutica S.A., Madrid,
Spain), methotrexate (25mg/mL, Pfizer S.L.,
Alcobendas, Spain), paclitaxel (6 mg/mL, Pfizer,
Alcobendas, Spain), docetaxel (20 mg/mL, Aurovitas
Spain, S.A.U., Madrid, Spain) and carboplatin
(10 mg/mL, Accord Healthcare, S.L.U., Barcelona,
Spain).

With the aim of covering a wide range of drug con-
tamination levels that may potentially arise in the com-
pounding area of the system, two levels of surface
contamination were defined for the study: D1 (1ng/
cm?) and D100 (100 ng/cm?). To this end, two dilutions
containing 0.6 pug/mL or 60 ug/mL of each drug were
prepared weekly with the aid of a variable volume
micropipette (Transferpette® 100-1000 uL) and a drop-
ping funnel. Dilutions were stored at room temperature
for the first and second spiking days. At each of the
three study weeks, on two consecutive days the lower
stainless steel surface of the compounding area was
divided into eight sections of 150 cm? as indicated in
Figure 2. On each study day, ten 25 uLL drops of a drug
mixture dilution were spiked with a micropipette on
three surface sections and were left to dry. Of the five
remaining sections, one of them served as the blank,
while the other four sections were sampled to test the
other self-cleaning method. The surfaces were spiked
prior to using each of the two self-cleaning methods
studied.

Sampling of cytotoxic drugs on compounding surface

Once the surfaces were dry, a surface wipe sampling kit
(PharmaMonitor, Berner International GmbH,
Elmshorn, Germany) was used to collect the wipe sam-
ples from the different compounding area sections as
indicated in Figure 2 on each study day, before and
after the automated self-cleaning of the KIRO®
Oncology was launched. The alkaline cleaning
method was used the first day and the sanitizing clean-
ing method was used the second day of each study
week. For both cleaning methods, the system was
allowed to dry for one hour before collecting the
wipe samples. Samples before self-cleaning were used
to determine the wiping recovery rate of the wipe sam-
pling and analytical method combined. Samples after
self-cleaning were used to determine decontamination
efficacy of the self-cleaning process.

Since the system was routinely used for the prepa-
ration of antineoplastic drugs during the study period,
in order to determine the background contamination
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Figure 2. Eight sections of the KIRO® Oncology compounding area on which different drug mixtures were added for the study
(upper panel: picture) following the rotation plan for the six working days of the study (lower panel: flowchart of sampling meth-
odology to determine decontamination efficacy, and analytical and wiping recovery rates) (D1 = | ng/cm? and D100 = 100 ng/cm?).
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level of the compounding area, at each of the six study
days a blank wipe sample was collected from the sec-
tion in which no drug mixture was added.

In addition to the wipe samples, on the second day
of each study week, two direct aliquots containing
180ng and 18 pg (18,000 ng) of each of the nine cyto-
toxic drugs were also added to two wipes, in order to
evaluate the analytical recovery rate of Multimethod 2
in the absence of a wiping process. The analytical
recovery rates of drug mixture dilutions were calculated
for the direct aliquots collected on the second day of
each of the three study weeks.

Overall, 30 samples were evaluated at the end of the
study: Three samples for each surface contamination
level (D1 and D100) and cleaning method (Sanitizing
and Alkaline) for self-cleaning decontamination effica-
cy calculation (12 samples, [4 samples per week]); three
samples for each dilution for analytical recovery rate
calculation (6 samples, [2 dilutions per week]); three
samples for each dilution for wiping recovery rate cal-
culation (6 samples, [2 surface contamination levels per
week]); and six samples for determination of back-
ground surface contamination level, one per test day
(6 samples, [2 blank wipe samples per week]).

Quantification of cytotoxic drug levels

Wipe samples were shipped to the test laboratory
(Institute for Energy and Environmental Technology,

Duisburg, Germany) for simultaneous analysis
and quantification of the nine drugs in a
single sample using Multimethod 2 (Berner

International GmbH, Elmshorn, Germany), which
included liquid chromatography-mass spectrometry,
and inductively coupled plasma mass spectrometry
for the quantification of total platinum.?® Sensitivity
and recovery variability of Multimethod 2 were
expressed as the limit of quantification (LOQ) and
uncertainty (%) reported by the test laboratory,
respectively.

Reported drug quantities were summarized descrip-
tively using mean =+ standard deviation (SD). When
drug levels were reported by the analytical test
method to be below the LOQ, the results were
expressed as <LOQ.

Calculation of analytical and wiping recovery rates

The analytical recovery rate was calculated as the per-
centage of drug quantified and referred to the amount
of each drug added directly to the wipe.

The % Analytical recovery rate = (drug [ng/sample]/
drug added to the wipe [ng])*100.

The wiping recovery rate was calculated as the per-
centage of drug quantified in sections wipe sampled

before self-cleaning referred to the amount of each
drug added to that compounding area section.

The % wiping recovery rate=drug before self-
cleaning (ng/cm?®)*(surface [cm?]/drug added to the
compounding area section [ng])*100.

Calculation of self-cleaning efficacy

Decontamination efficacy of the self-cleaning system
was calculated as the percentage of the difference
between the mean cytotoxic drug quantified in wipe
samples before and after self-cleaning.

The % decontamination efficacy = (drug before self-
cleaning [ng/cm?] — drug after self-cleaning [ng/cm?])
x 100/drug before self-cleaning [ng/cm?]

When levels <LOQ were reported, the LOQ was
used as the quantified drug level after self-cleaning to
determine the minimum decontamination efficacy that
could be calculated based on the study method used.

For the designed study conditions, the maximum
detectable self-cleaning efficacy for 100ng/cm? and
1 ng/cm?® contamination levels was calculated taking
into account the LOQ for each drug and the mean
wiping recovery rate of three days for each drug and
contamination level.

Results

Analytical recovery rate

Calculated analytical recovery rates for 180ng and
18,000 ng direct samples added to a wipe are presented
in Figure 3. For 18,000 ng samples, analytical recovery
rates for all drugs matched the expected values accord-
ing to uncertainty levels reported by the test laboratory
for Multimethod 2 for the quantification of multiple
cytotoxic drugs in a single surface wipe sample (see
Supplementary Table 1). However, for paclitaxel, the
uncertainty reported was as high as 88%, which corre-
sponds to expected recoveries (uncertainty limits) rang-
ing from 12% to 188% of the real contamination level.
The analytical recovery rates determined for paclitaxel
were 29% and 49% for wipe samples expecting to have
180 ng/sample and 18,000 ng/sample, respectively, in
agreement with the reported uncertainty.
Furthermore, for 180ng samples, well above the
reported LOQ presented in Supplementary Table 1,
analytical recovery rates calculated for gemcitabine
(43%), ifosfamide (52%) and S5-fluorouracil (38%)
were below the lower uncertainty limit according to
the uncertainties reported by the test laboratory for
Multimethod 2 for these drugs (71%, 65%, and 70%,
respectively) (see Figure 3 and Supplementary Table 1).
The analytical recovery rates of drug mixture dilutions
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Figure 3. Mean analytical recovery (%) of nine cytotoxic drugs

determined in duplicated analytical measurements in wipes with

18,000 ng and 180 ng of each drug, indicating the wipe method uncertainty limits (100% analytical recovery & uncertainty reported by
the test laboratory for Multimethod 2). See Supplementary Table | for mean and standard deviation of the cytotoxic drug levels
quantified in wipes, and for LOQ and uncertainty reported for each drug for Multimethod 2.

indicated that they were stable after being collected on
the second day of each of the three study weeks.

Background contamination

Background contamination levels that may exist on
KIRO® Oncology compounding area surfaces during
routine use of the system were determined by wiping
sample sections in which no drug was added. The quan-
tified levels of cytotoxic drugs during routine use of
KIRO® Oncology were <LOQ for all drugs except
for carboplatin levels of 0.03ng/cm” in two of the
three sampling days and 0.06 ng/cm” of 5-fluorouracil
in one of the three sampling days.

Wiping recovery rate

The amount of drug quantified on surface wipe samples
collected on three days from 150 cm® KIRO® Oncology
compounding area sections after having been contam-
inated with 150ng and 15,000 ng of a mixture of the
nine cytotoxic drugs, and before self-cleaning, is pre-
sented in Supplementary Table 2. Recovery rates were
slightly lower than those expected based on the
reported uncertainties only for carboplatin (62%) and
gemcitabine (67%) for contamination levels of 1ng/
cm? (D1), and only for carboplatin (68%) for contam-
ination levels of 100 ng/cm? (D100) (see Figure 4 and
Supplementary Table 2).

Cytotoxic drug levels after self-cleaning

Table 1 shows the quantified drug levels found on sur-
face wipe samples after self-cleaning using the sanitiz-
ing method in the KIRO® Oncology’s compounding
area sections which were experimentally contaminated
with commonly used cytotoxic drugs. For the sanitizing
cleaning method, levels below the LOQ were reported
for all drugs after self-cleaning when spiking with 1 ng/
cm? (D1). When the added amount was 100ng/cm?
(D100), levels below the LOQ were reported for all
drugs except for carboplatin and methotrexate, for
which mean reported contamination levels of the
three study weeks were 0.011ng/cm® and 0.100ng/
cm?, respectively.

For the alkaline self-cleaning method, Table 2 shows
levels below the LOQ being reported for all drugs
except for carboplatin when spiking with 1ng/cm?
(D1) and 100 ng/cm? (D100), resulting in a detection
of 0.0019 ng/cm? and 0.0072 ng/cm?, respectively.

Self-cleaning efficacy

The calculated self-cleaning efficacy for each cleaning
method (sanitizing method and alkaline method), drug,
and contamination level are presented in Figures 5 and
6 for 100 ng/cm? (D100) and 1ng/cm? (D1) contamina-
tion levels respectively, along with the maximum
detectable self-cleaning efficacy for each contamination
level and drug.
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Figure 4. Mean wiping recovery (%) of nine cytotoxic drugs calculated based on cytotoxic drug levels determined on surface wipe
samples before self-cleaning on three independent days for surface contamination levels of 100 ng/cm2 and | ng/cmz, indicating the
wipe method uncertainty limits (100% wiping recovery + uncertainty reported by the test laboratory for Multimethod 2). See
Supplementary Table 2 for mean and standard deviation of the cytotoxic drug levels quantified in surface wipe samples.

Table I. Cytotoxic drug levels determined on surface wipe samples after self-cleaning with sanitizing solution on three independent

days (mean = standard deviation; n = 3) for two drug contamination levels (D1 = | ng/em? and D100 = 100 ng/cm?).
DI D100

Cytotoxic drug ng/150 cm? nglcm? ng/150 cm? nglcm?
Carboplatin <0.2 <0.0013 1.575+0.745 0.011+0.005
Methotrexate <3 <0.02 15.025 + 17.025 0.100+0.113
Gemcitabine <3 <0.02 <3 <0.02
Etoposide <3 <0.02 <3 <0.02
Ifosfamide <3 <0.02 <3 <0.02
Cyclophosphamide <3 <0.02 <3 <0.02
5-Fluorouracil <10 <0.07 <10 <0.07
Paclitaxel <10 <0.07 <10 <0.07
Docetaxel <20 <0.13 <20 <0.13

Non quantifiable drug levels reported are expressed as below (<) the limit of quantification for each drug.

For surface contamination levels of 100ng/cm’
(D100), both self-cleaning methods had minimum
decontamination efficacies of 99.8% for all nine cyto-
toxic drugs analyzed. For surface contamination levels
of 1ng/cm? (D1), calculated decontamination efficacy
for both self-cleaning methods was above 99% for car-
boplatin, above 98% for cyclophosphamide, above
97% for methotrexate, gemcitabine, etoposide and ifos-
famide, above 91% for 5-fluorouracil, 78% for doce-
taxel and 77% for paclitaxel.

Discussion

This study, perfomed during the use of KIRO®
Oncology for the preparation of cytotoxic drugs in a
hospital pharmacy, provides evidence of the efficacy of
KIRO® Oncology’s automatic self-cleaning system for
the decontamination of nine commonly used cytotoxic
drugs from the system’s compounding area surfaces.
Analytical recovery rates for all drugs matched the
expected values according to reported uncertainty
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Table 2. Cytotoxic drug levels determined on surface wipe samples after self-cleaning with the alkaline cleaning method on three

independent days (mean = standard deviation; n = 3) for two drug contamination levels (DI = | ng/cm® and D100 = 100 ng/cm?).
DI D100

Cytotoxic drug ng/150 cm? nglcm? ng/150 cm? nglcm?
Carboplatin 0.278 +0.221 0.002 +0.001 1.075 + 0.240 0.007 +0.002
Methotrexate <3 <0.02 <3 <0.02
Gemcitabine <3 <0.02 <3 <0.02
Etoposide <3 <0.02 <3 <0.02
Ifosfamide <3 <0.02 <3 <0.02
Cyclophosphamide <3 <0.02 <3 <0.02
5-Fluorouracil <l <0.07 <10 <0.07
Paclitaxel <10 <0.07 <10 <0.07
Docetaxel <20 <0.13 <20 <0.13

Non-quantifiable drug levels reported are expressed as below (<) the limit of quantification for each drug.
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Figure 5. Calculated self-cleaning efficacy with sanitizing and alkaline methods for the decontamination of cytotoxic drug level D100
(100 ng/em?), and maximum detectable self-cleaning efficacy for each drug for this contamination level.

levels for 18,000 ng samples. However, for 180 ng sam-
ples well above the reported LOQ, analytical recovery
rates determined for gemcitabine, ifosfamide and 5-
fluorouracil were slightly below the expected according
to the uncertainties reported for these drugs.

It is to be noted that when using quantification
methods for detecting trace amounts of multiple cyto-
toxic drugs simultaneously, the quantification uncer-
tainty was high for some of the drugs included in the
analytical method used in the study. For example, in
the extreme case of paclitaxel (reported uncertainty of
88%), this study determined a mean wiping recovery
level of 51% for contamination levels of 100ng/cm?

and a mean wiping recovery level of 29% for contam-
ination levels of 1ng/cm?.

For carboplatin and gemcitabine mean wiping
recovery rates were slightly lower than expected based
on the reported uncertainties. Additionally, consider-
able variability for the recovery rates on each test day
for all test drugs was observed.

Variability of multidrug wipe sampling methods for
the quantification of trace levels of cytotoxic drugs may
limit their applicability for accurate determination of
surface contamination levels.>” However, being able to
determine multiple drugs in a single sample provides
the opportunity to use these methods to easily monitor
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Figure 6. Calculated self-cleaning efficacy with sanitizing and alkaline methods for the decontamination of cytotoxic drug level D1
(1 nglem?), and maximum detectable self-cleaning efficacy for each drug for this contamination level.

workplace surfaces and improve practices and cleaning
procedures through the interpretation of contamina-
tion level trends.

In 2011, Sessink measured the environmental con-
tamination with cyclophosphamide in hospital phar-
macies and established the following reference values:
0.1ng/em” (“safe”) and 10ng/cm? (“prohibitory™).>'®
Our results showed that during routine use of
KIRO® Oncology for the production of cytotoxic
drugs in a hospital pharmacy, surface contamination
levels after self-cleaning were <LOQ for all drugs,
except for carboplatin which has a lower LOQ
(0.2 ng/sample). The contamination level of carboplatin
was 0.01 ng/cm?, being 10 times lower than the “safe”
threshold value of 0.1 ng/cm?. Therefore, background
contamination of KIRO® Oncology under routine pro-
duction at Fundacion Onkologikoa was determined
not to interfere with the purpose of the study.

The quantified drug levels found on surface wipe
samples after self-cleaning with sanitizing solution in
the areas experimentally contaminated with cytotoxic
drugs were <LOQ for all drugs when spiking with 1 ng/
cm? (ten times the “safe” reference value), and 100 ng/
cm” (ten times the “prohibitory” level’) except for car-
boplatin and methotrexate, which presented levels
below the “safe” reference value of 0.1 ng/cm?.

For the alkaline self-cleaning method, levels <LOQ
were reported for all drugs except for carboplatin, for
which levels below the “safe” reference value of 0.1 ng/
cm?” were detected after self-cleaning when spiking with

1 ng/cm? (ten times the “safe” reference value), and
100 ng/cm? (ten times the “prohibitory” level’).

Remarkably, contamination levels for all cytotoxic
drugs except for docetaxel were determined to meet the
“safe” reference value of 0.1 ng/cm? after self-cleaning
with both cleaning methods for quantities of 1 ng/cm?
and 100ng/cm®. For docetaxel, contamination
levels were reported to be below the analytical
LOQ after self-cleaning with both methods for
both quantities. However, since the LOQ for
docetaxel was higher that the “safe” reference value
of 0.1 ng/cm?, it was determined that docetaxel levels
after self-cleaning were close to but not below the
“safe” reference value.

These results are relevant because even when using
containment systems to reduce surface contamination
during compounding, some contamination may per-
sist'® and cleaning methods of demonstrated efficacy
are needed for automated pharmacy compounding
devices.

For surface contamination levels of 100ng/cm?,
both self-cleaning methods (sanitizing and alkaline)
had efficacies greater than 99.8% for all nine cytotoxic
drugs analyzed. Surface contamination levels were
close to or below the LOQ after self-cleaning for all
samples representing surface contamination levels of
1ng/ecm®. Additionally, wiping recovery rates for
these contamination levels presented considerable var-
iability and high uncertainties for drugs such as pacli-
taxel. Therefore, the calculated self-cleaning efficacy
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for surface contamination levels of 1 ng/cm? was limit-
ed to the maximum detectable efficacy.

Previous studies have described routine cleaning
methods in biosafety cabinets over time to have decon-
tamination efficacies that may vary from 49% to 82%
for commonly used cytostatic drugs.>* Other studies
showed that more intensive cleaning procedures can
yield a decontamination efficacy greater than
99%.2*?728 These findings underline the importance
of setting up effective, consistent and reliable cleaning
methods, as a way of holding contamination levels
ALARA to protect healthcare workers.

This study demonstrated that the KIRO®
Oncology’s self-cleaning system has a minimum decon-
tamination efficacy of 99.8% for nine commonly used
cytotoxic drugs (5-fluorouracil, cyclophosphamide,
ifosfamide, gemcitabine, etoposide, methotrexate,
docetaxel and carboplatin) when contamination levels
were up to 100ng/cm’, equivalent to ten times the
“prohibitory” reference value. Under these conditions,
mean cytotoxic drug contamination levels remaining
after self-cleaning were below the target level of
0.1 ng/cm?>. However, it should be noted that decon-
tamination efficacy results are subject to considerable
variability due to the LOQ and uncertainties reported
for multidrug analytical methods used for the detection
of low cytotoxic drug levels in surfaces of compound-
ing facilities. Therefore, results obtained by means of
multidrug analytical methods may not fully extrapolate
to those obtained if each drug had been analyzed indi-
vidually. In addition, analyses were performed on a
single and limited area in the working surface, and
decontamination efficacy may be different for other
areas which are less accessible to the self-cleaning
system.

In summary, this study provides evidence of auto-
matic cleaning methods being an effective novel alter-
native for avoiding daily manual cleaning tasks when
efficacy is influenced by inter-individual variability and
involves additional health risks to compounding per-
sonnel. Chemical contamination monitoring of the
direct compounding area, surrounding areas, final
preparations, user’s garments and exposure level deter-
minations during routine production will be required to
conclude the benefit of this self-cleaning system in com-
parison to containment and manual cleaning methods.
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