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Medication waste



Environmental
impact Pollution Costs Shortages

>€200 M per year wasted on 

medications ³;

drives increasing costs

>3, 000 drug 

shortages/year⁴

1 in 7 requires medication

change

190 ton pharmaceutical

residues in surface water²;

~10% by incorrect disposal

7% CO2 emissions in NL¹;

pharmaceuticals are a maj or 

contributor

(1) Steenmeijer, et al (2022). (2) Schouten, et al (2022). (3) Chen, et al. (in progress). (4) KNMP (2024).  

Medication waste
Threatens sustainable medication use



To make medication use more sustainable and 

reduce the environmental impact of medication 

(use)

Green deal sustainable healthcare Ambition



Quantify medication waste across  the Dutch healthcare 
system

11 community pharmacies

3 outpatient pharmacies

22 departments in 12 hospitals

16 departments in 5 care homes

During two weeks:

Chen et al, submitted



Unused medication

Community 

pharmacy

Outpatient

pharmacy

Hospital Care homes 

Per 100 dispensing orders Per 100 beds/day

Unused DDD

median (IQR)
148 (113-257) 47 (40-48) 243 (175-368) 245 (129-347)

Carbon 

footprint (kg 

CO2)

median (IQR)

0.32 (0.25-0.51) 0.24 (0.22-0.24) 3.58 (2.04-8.74) 0.69 (0.43-1.36)

Economic

value

median (IQR)

€89 (45-128) €249 (205-344) €359 (223-592) €121 (70-180)



When does an intervention fits within an organisation?
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Impact veruss effort

Impact
People – Planet – Profits

Effort
Business case

Labour

Complexity



Roadmap

Van Ambitie naar Actie: Duurzaam geneesmiddelgebruik in de zorg

https://www.greendealduurzamezorg.nl/service/nieuws/routekaart-duurzaam-geneesmiddelgebruik/


Van Ambitie naar Actie: Duurzaam geneesmiddelgebruik in de zorg

https://www.greendealduurzamezorg.nl/service/nieuws/routekaart-duurzaam-geneesmiddelgebruik/


Is waste prevention feasible?

Personalising medication quantities prevents 
waste partially

But not sufficient

More strategies to combat medication waste 
are needed



Redispensing unused
medications

From the patient at home back to the

pharmacy



How we followed the holy grail
to make the redispensing of 
unused drugs feasible



2014 - 2018

Feasibility research 
PhD dissertation

2020

National grant
Waiver Ministry of 

Health

2021

ROAD1.0 trial in 4 
hospitals

2022

Trial finished with
>1,000 patients

2023

NVZA Guideline
JAMA Oncology

2023-2024

Waiver Ministry of 
Health

ROAD2.0 trial in 14 
hospitals



Waste of oral anticancer drugs

1/3 patients discontinue treatment early

Half of them have unused drugs 

Average value of €2,600 per patient

Doshi, et al. 2021; Deutsch, et al. 2016; Dür, et al. 2021; Bekker, et al. 2019



Falsified Medicines Directive

Prohibits redispensing unused drugs by patients within 

the supply chain

 Sealed packaging (light, humidity, authenticity)

Formal waiver

By Dutch Ministry of Health for

ROAD1.0 and ROAD2.0

How to deal with legal issues



 Redispensing receives multidisciplinary support 

 Dutch Association of Hospital Pharmacists (NVZA) developed

multidisciplinary guideline

Position Paper Redispensing of oral oncolytics

“rely on approved quality process and manage accountability” 

Dutch guideline on redispensing 



Multicenter trial in 4 Dutch hospitals 

Enclosed in sealed packaging with temperature indicator 

Study population

Adult patients using an oral anticancer drug with a 
clinical diagnosis of (blood)cancer

• Recruitment by the outpatient pharmacy

Effect

Cost savings

Environmental impact 

ROAD study





Dispensed medication
Enclosed in sealed packaging with temperature 
indicator 

Returning unused medication
Patients are requested to return unused drugs

Assuring drug quality
- Unopened seal (light, humidity, authenticity)
- Remaining shelf-life ≥ 6 months (integrity)
- Storage according to SmPC (integrity)

Redispensing medication of verified quality
Reimbursing the price payed by the original payer

ROAD intervention



Participants

33%

17%

16%

13%

11%

10%

No leftover medication

Research

Too demanding

Patient's status

Quality and safety concerns

Other

Reasons for not participating (n=602)

OAD: oral anticancer drug

Smale et al. JAMA Oncol. 2024.



0 20 40 60

Selbag geopend

Verpakking niet intact

Temperatuurlogger…

Houdbaarheid

DRUG PACKAGES

QUALITY DISAPPROVAL (=90*)

Shelf-life<6mnd

TTI missing  / temp breach

Damaged packaging

Seal packaging opened

* Mulitple criteria could apply per package 

Smale et al. JAMA Oncol. 2024.

68% waste reduction

ROAD study results

171
• patients (16%)

335
• returned unused drug packages 

228
• packages were redispensed



ROAD cost savings



Cradle-to-grave Life cycle Assessment

Environmental benefits are obtained

Particularly if verification materials are 

selectively used

Per 1,000 patients: 100 trees for 1 year

ROAD 1.0  

environmental impact

Accepted JAMA Open network



13 
hospitals

>6,000 
patients
invited

>2,800 
patients

consented

ROAD 2.0 ongoing



Redispensing unused oral anticancer drugs…

 Reduces two-third of medication waste;
 Generates cost savings;
 Can have environmental benefits

Contributing to sustainability of (cancer) 
treatment

Conclusions



Ultimate goal
Redispensing as standard 
practice in 2025

 Legislation
 EU partnership
 ROAD international

Next steps



Article 207a: Framework for safe and effective 

redispensing 

 Ask Members of European Parliament for 

support and adoption of this proposal

Revised EU Pharmaceutical Directive
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