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Disclosure

 The Speaker has been provided with an honorarium by BD for preparing and
presenting this lecture.

* This presentation was developed by the Speaker, and the findings,
interpretations, and conclusions contained or expressed within them are
those of the Speaker and do not necessarily reflect the views of BD.

 Throughout the presentation, the speakers have used available references
and share their expert opinion based on their own experience.

* To the extent these presentations relate to specific products, such products
should always be used in accordance with the relevant instructions for use
and other product documentation.

* This content should not be copied or distributed without the consent of the
Speaker & BD.



Occupational exposure to hazardous drugs

* Inhalation
* Particles and vapors

* Ingestion
* Finger shunt effect (transfer from hands to mouth)

* Absorption through the skin
e Skin contact with contaminated surfaces

Final uptake (exposure) occurs via (a combination of) these routes but
depends on the presence of drugs in the environment



Risk Assessment:
sources of contamination with hazardous drugs

* Preparation: Pharmacy
e External vial and ampoule contamination
 Spillage during preparation (handling technique)
* BSC / isolator
* Waste

* Administration: Inpatient and outpatient nursing, wards, care homes, home care
* Contaminated prepared products from the pharmacy
e Patient (urine, sweat, vomit, blood, feces)
 Spillage during administration (handling technique)
* Waste
* Laundry

Risk of contamination: Spread and potential exposure of the workers



Exposure Assessment

Environmental Monitoring Biological Monitoring

* Measures the presence/release of * Assessment of uptake of the drug in
the drug in the environment the body of the worker

* No information about uptake of e Estimation of health-risk for the
the drug in the body of the worker
worker

* No information about health-risk

for the worker * Urine and blood samples

e Air samples and surface wipe
samples

Many surface wipe sampling studies published



Surface wipe sampling

Laboratory analysis BD® HD Check system
« Shipment to laboratory * Rapid response in minutes
e Results takes days or weeks * Qualitative outcome: positive or negative
readout
e Alarge number of hazardous
drugs can be analysed in a * Available for methotrexate & doxorubicine
sample (<< 0.1 ng/cm?) (0.1 ng/cm? and cyclophosphamide (0.5
ng/cm?)

e Results are suitable for risk
assessment and benchmarking * Small surface areas (30 x 30 cm)

e Variable surface areas

Photo courtesy of BD.



Surface wipe sampling

Cyto Wipe Kit provided by Procedure surface wipe sampling
Exposure Control

* Gloves on
* Drip liquid over surface

* Take one tissue and spread the liquid over the
whole surface

e Put tissue in container

* Take second tissue and wipe the whole
surface till dryness

e Put second tissue in same container and close
tightly

* Throw gloves in cyto waste bin

* Label the container



Surface wipe sampling

HOSPITAL / INSTITUTE / COMPANY:
DEPARTMENT:

DATE:

SAMPLE CODE:

DESCRIPTION SURFACE:
SURFACE AREA:




Sample preparation and analysis

TIC chromatogram 7 drugs + IS

Container with tissue
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Extraction liquid added

Shaken

2)
3)

Clear sample for analysis

4)

Internal Standard (IS) added

Analysis LC-MSMS

5)

Contamination reported in ng/cm?

6)
7)




Wipe sampling surfaces compounding areas
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Wipe sampling surfaces administration areas




Surface wipe sampling studies

What do the results mean?

e Actual contamination with hazardous
drugs on surfaces

e Contamination may be spread

* Potential risk of exposure of the
workers

Comparison of the results
* Benchmarking
* Periodical monitoring

* No official limit values for surface
contamination with hazardous drugs

Pitfalls

Relevance of surface related to
potential exposure risk

Area of the surface (> 400 cm?)
Selection and number of drugs
Detection limit analytical method

Pre- or post-cleaning

* Pre-cleaning: actual contamination by
handling

* Post-cleaning: effect of cleaning

Effect of contaminated vials (bias)



Alert and action levels combined with the “traffic-light’
model for surface contamination with hazardous drugs

Drug contamzlnatlon <0.10 010-=1.0 1.0-10
(ng/cm?)

Action
Alert
Take extra
measures and
check with repeat
wipe test

Actions Repeat annually Perform risk assessment
Repeat wipe tests after 3 - 6 months
If necessary, take extra precautions

Taken from: Sessink PJ, Tans B, Spriet |, Devolder D. Longitudinal evaluation of environmental contamination with hazardous
drugs by surface wipe sampling. Journal of Oncology Pharmacy Practice. 2023;0(0). doi:10.1177/10781552231205481



https://doi.org/10.1177/10781552231205481

Periodical monitoring surface contamination in an US
hospital 2008 — 2018

Description Ifosfamide (ng/cm?)
Department
Surface 2008 | 2009 2014 2015 | 2016 | 2017* | 2018*
Prep Room ND ND ND ND ND ND 0.001
Oncology Nursing Desk ND ND ND ND ND ND 0.001
Pump 1.38 ND ND ND ND ND 0.003
Chemo Hood 0.08 0.12 0.01 0.01 0.01 1.29 0.004
Pharmacy Prep Counter 1.76 5.50 0.17 0.87 0.03 0.81 0.51
Prep Chair - 0.53 0.19 0.25 0.26 3.89 3.22
Hood Surface ND ND ND ND ND ND ND
Pharmacy Floor by Hood ND 0.01 ND ND ND 0.001 0.001
Table by Hood ND ND 0.01 0.001 0.20

*lower detection limit with introduction LC-MSMS
ND: Not Detected
Data on file Exposure Control, 2024



Periodical monitoring surface contamination in an EU
hospital pharmacy 2013 - 2019

Cyclophosphamide (ng/cm?)

Description Surface

2013 2014 2015 2016 2017 2018 2019
Gloves after Preparation 0.12 ND ND 0.37 ND ND 0.003
Infusion Bag 0.09 ND ND 1.13 ND ND ND
Floor by Hood 0.33 0.58 0.15 0.10 0.31 0.20 0.08
Side Wall Hood Inside 0.01 ND 0.01 ND 0.001 ND
Underneath Working Surface Hood 0.78 0.06 0.06 0.65 0.07 0.009 | 0.001
Scale 0.04 ND ND 0.02 0.001 ND
Mouse — Keyboard - Phone ND ND ND ND ND
Inside Transportbox Haz Drugs ND ND ND
Floor Anteroom 0.03 0.01 0.004

ND: Not Detected
Data on file Exposure Control, 2024



Monitoring surface contamination in an EU hospital 2022

o Contamination (ng/cm?)
Department Description Surface
Gemcitabine 5-Fluorouracil Paclitaxel Docetaxel

Working surface BSC 1.28 ND

Under working surface BSC 5.91 ND
Pharmacy

Walls inside BSC 7.31 0.80 ND ND

Floor in front BSC 2.98 ND ND

Treatment room 0.17 0.12 ND ND
Nursing

Oncology ward 0.90 0.18 ND ND

ND: Not Detected
Data on file Exposure Control, 2024



Examples of Closed System Transfer Devices (CSTDs)

Filter technology Barrier technology

2-

50 L single-dose B2
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ChemoClave Tevadaptor Chemolock PhaSeal Equashield



Surface contamination with cyclophosphamide
in preparation areas reduced with BD PhaSeal™ CSTD

22 US Hospital Pharmacies (2001-2005) Cyclophosphamide (ng/cm?)
Surface N Median

Standard techniques PhaSeal CSTD
BSC surface 30 0.13 0.02
BSC airfoll 26 3.86 0.20
Floor front of BSC 29 0.14 0.01
Counter 29 0.03 0.03
Sessink et al., J Oncol Pharm Pract 2010;17:39-48 P < 0.0001

AFTER NIOSH ALERT 2004*

30 US Hospital Pharmacies (2005-2010) Cyclophosphamide (ng/cm?)
Surface N Median

Standard techniques PhaSeal CSTD
BSC surface 39 0.30 0.02
BSC airfoll 30 1.69 0.39
Floor front of BSC 38 0.29 0.08
Counter 36 0.04 0.01
Sessink et al., Hosp Pharm 2013;48:204-12 P <0.0001

*CDC. 2004 Preventing Occupational Exposure to Antineoplastic and Other Hazardous Drugs in Health Care Settings.
https://www.cdc.gov/niosh/docs/2004-165/pdfs/2004-165.pdf?id=10.26616/NIOSHPUB2004165



Monitoring surface contamination in an isolator:
intervention study Tevadaptor CSTD

Syringe - needle - venting pin Tevadaptor CSTD

Location

EPI 5FU PLATINUM EPI 5FU PLATINUM
Inside both hatch doors (ng/cm?) 0.02 0.72 0.16 ND ND 0.01
Surface isolator (ng/cm?) 0.04 0.68 0.18 ND ND 0.01
Both sleeves inside isolator (ng/cm?) 0.07 2.52 0.27 ND ND 0.01
Gloves/pair (ng) 5000 7310 7 1060 ND 0.41
Preparation mat (ng) 41000 771000 174 5000 260 1.55
Syringe surface (mean — ng) 4 3590 ND 19
IV bag surface (mean — ng) 734 78

Negative pressure isolator in UK hospital

Samples collected before cleaning

Median values indicated except for syringe surface and IV bag surface

EPI: epirubicine 5FU: 5-fluorouracil PLATINUM: carboplatin, cisplatin and oxaliplatin
ND: Not Detected

Taken from: Viyas N, Turner A, Clark J, Sewell G. Evaluation of a closed-system cytotoxic transfer device in a pharmaceutical isolator. Journal
of Oncology Pharmacy Practice. 2016;22(1):10-19. doi:10.1177/1078155214544993



https://doi.org/10.1177/1078155214544993

Longitudinal evaluation of contamination with
hazardous drugs by surface wipe sampling

Pharmacy department, University Hospitals Leuven, Belgium
* 60,000 units prepared annually
Drugs prepared in BSC in cleanroom using ChemoClave CSTD
Technicians wear PPE
* Gown, surgical mask, two pairs of gloves, cover shoes, hair/beard cover

Cleaning

e Daily cleaning several times a day with neutral detergent + 70% alcohol

* Weekly cleaning with peroxide product
High awareness of hazardous drugs risks developed over many year
among all hospital disciplines involved

Sessink PJ, Tans B, Spriet |, Devolder D. Longitudinal evaluation of environmental contamination with hazardous drugs by surface wipe sampling. J Oncol
Pharm Pract. 2023 Dec 19:10781552231205481. doi: 10.1177/10781552231205481



Longitudinal evaluation of contamination with
hazardous drugs by surface wipe sampling

Study set up
 Sampling surfaces selected based on risk assessment

* Pharmacy and two wards

* Pharmacy: BSC area, scanner, touch screens, pass-thru window
* Wards: preparation tables, computer keyboards, doors refrigerators

 Six drugs selected (38%):

* Paclitaxel, cyclophosphamide, gemcitabine, doxorubicin, methotrexate, 5-fluorouracil

* Monitoring repeated: 4 trials over 8 months
* 1) Morning before start of shift and 2) afternoon end of shift before cleaning
e 3) 2-3 months later end of shift before cleaning
* 4) 8 months later end of shift before cleaning



Longitudinal evaluation of contamination with
hazardous drugs by surface wipe sampling

Results
— During the four trials, five of the six drugs were detected mainly in the pharmacy
— Seventeen out of 288 possible outcomes were positive (6%)
— BSC and scanner most frequently contaminated
— Highest contamination on pass-tru and touch screen Diana device (orange)

Department Description surface Surface Paclitaxel Cyclophosphamide Gemcitabine Doxorubicin Methotrexate 5-Fluorouracil
(em?) 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Pharmacy Touch screen pneumatic system 135 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Scanner 800 ND ND ND 030 0.04 ND ND 0.07 0.12 ND ND ND ND ND ND ND 0.01 ND ND ND ND ND ND ND
Pass-thru window 600 ND ND ND ND ND ND 0.05 2.90 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Front airfoil grate of BSC 1200 ND ND ND ND ND ND ND 0.02 ND ND 001 0.09 ND ND ND ND 0.04 0.01 070 ND ND ND ND ND
BSC inside front window 600 ND ND ND ND ND ND ND 0.13 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Touch screen Diana device 315 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 2.38 ND ND 0.79
Ward 1 Preparation table 900 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Keyboard computer nursing dept 572 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Door refrigerator 962 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Ward 2 Preparation table 2400 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND  0.12
Keyboard computer nursing dept 602 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Door refrigerator 1272 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND



Adverse health effects of occupational exposure to
antibiotics in healthcare workers

* Weak and moderate effects
* Hypersensitivity
* Itch, runny nose, irritation of eyes
* Allergic reactions
* Skin: eczema, nettle rash
* Inhalation: asthma, wheezing

* Severe effects
* Anaphylactic shock = death
* Resistance

. Reports from nurses
* Leakages and splashes observed
» Ceftriaxone = overpressure when mixing
* Piperacillin = difficult to mix
* "I smell the drugs”
* A bitter taste in my mouth”
* My first treatment with antibiotics did not work = resistance ?



Longitudinal evaluation of contamination with
antibiotics by surface wipe sampling

University Hospitals Leuven, Belgium
e 1950-bed care centre
* Antimicrobial stewardship is carried out
* Antimicrobial guidelines available and updated regularly

* Antibiotics prepared with needle and syringe technique on tables that were
sampled
* Nurses wear standard working clothes and use gloves as PPE
e Cleaning
* Standard cleaning procedures for preparation tables and floors

* After trial 2: more frequent cleaning of the preparation tables
» After trial 3: additional extensive cleaning of the preparation tables with detergent + 70% alcohol

Sessink P, Tans B, Spriet |I. Hazardous Drug and Antibiotic Residue Surface Contamination
Is there a need to reduce exposure? Poster presented at 27th EAHP Congress, 22-24 March 2023; Lisbon



Longitudinal evaluation of contamination with
antibiotics by surface wipe sampling

Study set up
e Sampling surfaces selected based on risk assessment

e Six wards and two identical surfaces

e About 150 beds with frequent use of antibiotics

* Wards with high frequency of patients suffering from infections

* Paediatric oncology/haematology, adult haematology, pulmonology, intensive care unit, general internal medicine,
orthopaedics

* Preparation tables and floors around waste bins used to discard empty vials

e Eight antibiotics selected

* Amoxicillin, benzylpenicillin, cefotaxime, ceftriaxone, flucloxacillin, meropenem, piperacillin,
vancomycine

* Monitoring repeated: 4 trials over 8 months
* 1) Morning before start of shift and 2) afternoon end of shift before cleaning
e 3) 2-3 months later end of shift before cleaning
* 4) 8 months later end of shift before cleaning



Longitudinal evaluation of contamination with
antibiotics by surface wipe sampling

Results

— During the four trials, all eight antibiotics were widespread detected on all surfaces in the six wards
— 253 out of 384 possible outcomes were positive (66%)

— Changing the cleaning procedure did not reduce the contamination

— Contamination is caused by spillage during preparation

— Ineffective cleaning procedures

Description Surface Vancomycin Cefotaxime Ceftriaxone Benzylpenicillin Amoxicillin Meropenem Piperacillin Flucloxacillin
surface (em?) 1 2 3 4 1 2 3 4 1 2 3 a4 1 2 3 4 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

ND 0.18 ' ND .. 031 0.09 0.03 ND . ND ND ND ND ND

ND . 033 1.83 232 148 3.06 015 0.20 161 0.05 001 0.01 253 0.15

Ward

Paediatric r;sl‘;arat“’" 900 | 245 155 . 114 ND ND ND . ND ND ND ND ND ND ND ND

oncology =
haematology bi‘r"”‘”as'e 900 436 1.28 .. 007 010 0.14 . ND ND ND ND ND ND ND ND

Preparation

1
ND
ND
A table 1054 113 0.14 . 4.56 ND ND ND 0.04 0.04 ND ND ND ND ND ND ND . 624 ND 0.74 0.07 0.03 0.74 0.07 .. 031 10 ND ND ND .
ul

haematolo;
£ :'i‘r"”‘”as'e 900 179 070 . 316 ND ND ND 006 004 ND 011 ND ND ND ND ND 340 ND .. 164 313 ... 127 . 062 012  ND
Preparation
b 3500 263 263 117 024 ND | ND | ND 001 009 011 | ND | ND ND ND  ND | ND 543 152 007 006 039 021 003 001 1.08 085 042 055 001 001 001 002

Pulmonology
Eli?‘orwaste 900 026 021 019 030 ND ND ND 003 004 ND ND ND ' ND  ND  ND | ND .. 043 093 736 370 ND 0.04 .. 0.81 292 019 009 003 002
Preparation 00 o | @33 ..
Intensive care  table

unit Floor waste
bin

ND ND 1.25 ND ND ND ND ND ND ND ND 005 ND 033 038 015 020 066 0.12 0.11 040 0.12 0.03 ND ND

500 463 152 7.26 125 0.03 ND 041 0.11 0.06 0.25 ND ND ND ND ND 1.04 038 081

0.03
ND
573 194 . 9.16 261 9.76 . 0.09 0.03 0.74 0.04 ... 815 960 0.13 . 121

270 0.80 0.23 127 175 147 057 024 ND ND ND  0.69

Preparation

ND
ND
500 074 3.41 297 153 051 ND 0.5 . 011 | ND 151 | ND | ND
General internal table
medicine Floor waste
e 500 ND  ND ND ND  0.09 ND 280 0.3 ND 075 7.59 ND | ND 056 0.0  0.07 0.89 030 113 328 025
:;:I’::'a""" 500 ND 021 ND ND | ND 011 | ND 898 . ND ND 050 . 244 434 030 004 004 052 266 .. 053 873 037 7.95 . 031
Orthopaedics
Floor waste
e 500 ND ND ND (ND 005 ND | ND 037 ND  ND 723 009 114 036 ND | ND 022 053 4.36 520 1.05 0.56




Thank you for your attention !
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