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Necessity of exposure monitoring

C

Patients, lab staff, 

healthcare workers

Cancer

Multiple sclerosis

Psoriasis

Systemic lupus erythematosus
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Two examples

University hospital Tlemcen, Algeria

University hospital Leuven, Belgium
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Algeria
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Algeria
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3 types of samples from 6 departments

Dermatology

Maternity oncology

Haematology

CP

IFO

PTX

MTX

5-FU

Oncology

Nephrology

Rehabilitation

39
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• Dermatology

• Haematology

• Nephrology

• Rehabilitation 

• Maternity oncology

• Oncology
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Comparison within departments

Low concentrations of cytostatic drugs

25.25 ng/cm² CP: surface sample of preparation table

998.81 ng/swab 5-FU: non-identified surface sample; 2.67 ng/cm² PTX: gloves

All but one positive; 13.84 ng/cm² CP: surface sample of hood after handling 

cytostatics; 1.70 ng/cm² 5-FU: idem

13.03 ng/cm² CP: telephone; 208.85 ng/cm² CP: calculator > hood after

preparation cytostatics



8/33 samples:

High concentrations (>10 ng/cm²)

→ inadequate cleaning

→ spilling

14/33 samples: 

Lower concentrations (0.1-10 ng/cm²)

→ careless working
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Explanation? 

Dermal contamination



Concentration ranges in surface

samples (ng/cm²)

Algeria

Cyclophosphamide < LOQ - 208.85

Ifosfamide < LOQ - 23.45 

Paclitaxel < LOQ - 76.76

Methotrexate < LOQ - 10.49

5-Fluorouracil < LOQ - 22.22
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Concentration ranges in surface samples

➔ Need for action!

*Ziegler E, Mason HJ, Baxter PJ. Occupational exposure to cytotoxic drugs in two UK oncology wards. Occup Environ Med. BMJ Publishing Group Ltd; 2002;59(9):608–12. 

Pretty JR, Connor TH, Spasojevic I, Kurtz KS, McLaurin JL, B’Hymer C, et al. Sampling and mass spectrometric analytical methods for five antineoplastic drugs in the healthcare environment. J Oncol Pharm

Pract. 2012;18(1):23–36.

Koller M, Böhlandt A, Haberl C, Nowak D, Schierl R. Environmental and biological monitoring on an oncology ward during a complete working week. Toxicol Lett. Elsevier; 2018;298(February):158–63. 

*Sessink PJM, Sewell  G and Vandenbroucke J. Preventing occupational exposure to cytotoxic and other hazardous drugs European Policy Recommendations. 2016; p.18. 

Concentrations Action

< 0.1 ng/cm² Repeat measurement 1x/year, 

revise after 4 years

0.1 - 10 ng/cm² Risk estimation, possibly follow 

up in 3 - 6 months, take action 

if necessary

> 10 ng/cm² Take action and follow up
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Belgium

Laminar air 

flow cabinet

Laminar air 

flow cabinet

Laminar air 

flow cabinet

Laminar air 

flow cabinet

Laminar air 

flow cabinet

Laminar air 

flow cabinet

Toilet Toilet

Preparation room 1 Preparation room 2

Anteroom: collection of prepared bags

Outpatient nursing station 1 Outpatient nursing station 2



17

3 types of samples

52

24

62

5-FU



18

Very low levels of 5-FU confirm good practice of 

working and adequate cleaning

Before After 

0

20

40

60

100

150

200

p
g

/c
m

2

Laminar air flow cabinet in 

preparation rooms
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Frequently used devices in 

anteroom

• Low contamination→ good practice of working and cleaning

• Decreased concentration door handel after preparation→ most touched→ potential source for dermal exposure

! Contact point clave vial and box for infusion bags collection: 177800.86 pg/cm² → contamination may occur prior to receipt at the institution
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Very low levels of 5-FU confirm good practice of 

working and adequate cleaning

Outpatient nursing stations Gloves
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• Outpatient nursing stations → relatively low contamination in comparison with similar studies

• Dermal exposure: 3/24 > LOQ (0.38 – 1.18 pg/cm²) 
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Concentration range 5-FU

Concentrations Action

< 0.1 ng/cm² Repeat measurement 1x/year, 

revise after 4 years

0.1 - 10 ng/cm² Risk estimation, possibly follow 

up in 3 - 6 months, take action 

if necessary

> 10 ng/cm² Take action and follow up

Concentration ranges in surface

samples (ng/cm²)

Belgium

5-Fluorouracil < LOQ – 117.8

• 10/63 above 0.1 ng/cm²

• 9 samples between 0.1 and 10 ng/cm²

• 1 sample > 10 ng/cm²

➔ 53/63 surface samples < 0.1 ng/cm² → good practice of working and cleaning
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Conclusion

Concentration ranges in surface samples (ng/cm²)

Algeria Belgium

Cyclophosphamide < LOQ - 208.85 /

Ifosfamide < LOQ - 23.45 /

Paclitaxel < LOQ - 76.76 /

Methotrexate < LOQ - 10.49 /

5-Fluorouracil < LOQ - 22.22 < LOQ – 117.8

> 0.1 ng/cm² for 5-FU 45% 16%

• Complement with biological monitoring → actual amount entering the body



Occupational and non-occupational

unintended exposure to

antineoplastic drugs at home
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C

• Home = less controlled environment

• Exposure healthcare workers? 

• Literature: clinical health effects and genotoxic effects 

→ increased risk for cancer development

• Health effects (genotoxic, epigenetic)? 
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C

• Home = less controlled environment

• Literature: 

• Limited number of studies

• Variable results

• Mainly small studies (3 – 13 family members) 

• Concentrations ≥ healthcare workers

→ Exposure family members? 

→ Effects (genotoxic, epigenetic)?



• Correct qualitative and quantitative information

• Mapping of exposure to and effects of cytostatic drugs

• In non-patient exposed groups (children exposed in utero, healthcare workers

and family members of patients in home setting)

• Guidelines
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Conclusion



Unintended exposure to low cytostatic drug concentrations induces

genotoxicity and epigenetic changes

Exposure assessment: determination of cytostatic drug concentration in the

body and environment by biomonitoring and environmental monitoring

Effect assessment: link between cytostatic drug concentrations and DNA-

adducts, chromosomal aberrations and alterations in DNA-methylation
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Hypothesis and aims
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