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C
limate change represents the biggest threat to 

human health of this century (1), from threats 

including extreme weather events, food shortages, 

conflict, and water shortages (2). From an oncological view 

point, changes in patterns of exposures and disrupted 

access to healthcare, will increase the burden of cancer 

globally. Extreme weather events such as flooding and heat 

disrupt cancer care, whilst migration as a result of climate-

related problems will lead to insecure healthcare for 

millions (3,4). Many of these issues have a greatest impact 

on populations with minimal historical emissions, widening 

health disparities.

However, emissions associated with cancer care and 

research also contribute directly to climate change. 

Healthcare accounts for 4.4% of emissions globally (5), 

including the spectrum of cancer care – from screening for 

prevention to surgery, radiotherapy, and systemic therapy. 

In addition to this, cancer research and development, for 

example basic science, pharmaceuticals, and technology, 

and the large conferences associated with this work, have 

a significant footprint. Reducing these emissions as rapidly 

as possible needs to become an increasing focus. Health 

systems internationally have acknowledged this and are 

working hard to reach net zero (6).

In this article we address some of the challenges in 

different areas of cancer care and highlight available and 

potential solutions to these (Figure 1), and discuss the role 

of the oncology community in supporting broader societal 

change to mitigate the impacts of climate change. 

How climate change affects cancer 
Challenges

The extensive effects of climate change on cancer are 

increasingly clear. Both direct exposures to cancer risk factors 

resulting from climate change, such as air pollution and 

ultraviolet radiation, and the disruptions to cancer care should 

be considered.

Air pollution is largely brought about by the combustion of 

fossil and biomass fuels emitted directly into the environment, 

simultaneously causing and worsened by climate change 

(7). Carcinogenic pollutants include gases, namely nitrogen 

dioxide, sulphur dioxide and ozone, and particulate matter 

with a diameter of 10 micrograms/metre3 or less (PM
10

 and 

PM
2.5

) (8). The vast majority of the global population currently 

resides in regions where pollution levels exceed the World 

Health Organization’s guideline (9), exacerbated by increasing 

urbanization in low- and middle-income countries (LMICs). 

Air pollution is the second leading cause of lung cancer after 

smoking, and responsible for 14% of lung cancer deaths 

(9). Increasing PM
2.5

 concentrations are associated with 

both incidence and mortality from lung cancer (10–13), and 

recently, with epidermal growth factor receptor (EGFR)-driven 
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lung cancer, commonly diagnosed in never-smokers, with 

evidence of an inflammatory mechanistic basis (14). Additional 

data link pollution to cancers of the aerodigestive and urinary 

tract, breast, and other organs (9). Besides air pollution, water, 

chemical and soil pollution may harm human health (15). 

Climate change has led to increases in ultraviolet radiation 

due to global warming and ozone depletion, a strong risk factor 

for melanoma and other skin cancers (16–18). Moreover, 

reduced access and deleterious effects on water and food 

supply, including aflatoxin contamination of crops linked to liver 

cancer, are also projected to impact cancer deaths (19–21).

Extreme weather events precipitated by climate change, 

such as wildfires, hurricanes, flooding, and drought, generate 

substantial carcinogenic exposures, and impact across the 

cancer care continuum, delaying new diagnoses and disrupting 

treatment, with an impact on cancer survival (22–24). 

Shortages in supplies, damage to infrastructure, power systems, 

communication and transportation of patients and care teams 

further hamper cancer care (25). Infectious diseases become 

more prevalent (26), to which individuals with cancer may be 

more susceptible. 

Climate change disproportionately affects socioeconomically 

disadvantaged communities, racial and ethnic minorities, and 

women and children. People living in LMICs, with historically 

low contributions to carbon emissions, have less accessibility 

to cancer care, that is more likely to be disrupted by natural 

disasters, and a lower capacity to mitigate them (27). Early life 

exposures to pollution have been related to childhood and young 

adult cancers (9), and nearly 92% of pollution-related deaths 

occur in LMICs (15). It is anticipated that millions of climate 

refugees and displaced people due to uninhabitable conditions 

will have jeopardized healthcare security and cancer care in the 

future – making the social determinants of cancer fundamental 

to appreciating the impact of climate change (28).

Solutions

Potential solutions for reducing the impact of climate change 

on cancer centre on addressing the causes of climate change, 

mitigating exposures to cancer-risk factors, and strengthening 

health systems (28). Healthcare professionals have an 

opportunity to generate evidence and educate, to ultimately 

impact behaviours and climate-related policy. Recently, key 

medical journals published a united message to world leaders 

urging rapid climate action (29), and action on pollution has 

been urged by the the International Association for the Study 

of Lung Cancer (30). For the first time this year, the Conference 
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Figure 1:  Increase in average global temperatures relative to the 1961-1990 average temperature. Gray lines represent the 
upper and lower bounds of the 95% confidence interval. Reproduced under CC-BY licence from Our World in Data https://
ourworldindata.org/co2-and-greenhouse-gas-emissions.
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of the Parties (COP) 28, the annual UN convention on climate 

change, will consider health issues in depth.

A global and rapid shift to renewable energy sources as well 

as increased use of efficient hardware is necessary to both 

reduce pollution and reduce the greenhouse gases emitted 

into the atmosphere that drive climate change, and typically 

have health co-benefits. For example, phase-out of fossil-

fuel powered vehicles and increased use of active transport 

reduces pollution and increases physical activity, reducing 

cancer risk. Oncology professionals could play a key role in 

advocating for a rapid shift away from fossil fuels to clean our 

air, just as we have been an important voice in the fight against 

tobacco (31,32). 

Cancer systems and healthcare infrastructure must be 

made resilient and prepared for cancer threats as well as the 

changing patterns and burdens of disease. Care continuity 

during climate events, and health disparities based on social 

determinants should be prioritized. 

How cancer treatment affects climate change 
Challenges 

Much of the infrastructure associated with healthcare 

contributes to emissions, from buildings and land use, to 

transport, energy, and food supply (33). Many healthcare 

facilities in low-income countries use outdated medical 

equipment, which can be energy-inefficient and contribute 

to higher energy consumption and emissions. Cancer care 

is typically delivered in large centres, with patients often 

travelling a considerable distance for their care (34,35), with 

hospital care disproportionately more carbon intensive than 

community-based care (33).  

Surgery, pharmaceuticals, and radiotherapy, the mainstays 

of cancer care, are likely to have significant environmental 

footprints though their relative contributions in oncology 

have not yet been quantified. Operating theatres have a 

significant carbon footprint, and newer surgical techniques are 

increasingly carbon-intensive (36,37). Medicines and chemicals 

make up 20% of the total of the United Kingdom’s NHS carbon 

footprint (when Scope 3 emissions are included) (6), whilst 

in the US prescription drugs account for 14% of healthcare-

associated carbon emissions (38). The pharmaceutical industry 

has been found to be 55% more carbon intensive than the 

automotive industry (39). The intensive prescribing practices 

in oncology makes pharmaceuticals likely a significant portion 

of oncology’s environmental footprint. Treating a rising 

volume of increasingly complex cases, whilst also ensuring 

care is environmentally sustainable, is a huge challenge. Many 

limited-resource countries heavily rely on imported drugs, 

medical equipment, and supplies, transportation of which also 

contributes to carbon emissions.

A large part of cancer care is delivered in the context 

of clinical trials. The intensive monitoring, patient travel, 

and laboratory use result in a major environmental impact. 

Globally conducted clinical trials have a carbon footprint of 

just under a third of the annual emissions of Bangladesh (40). In 

2009, a study of 12 pragmatic randomized trials estimated that 

the average emission of a trial was equivalent to nine people 

in the United Kingdom in one year (41). Compounding these 

figures are emissions and waste from laboratory based or “wet 

lab” bioscience research which is responsible for 2% of global 

plastic waste (42). Laboratories are also resource intensive 

using higher amounts of water and 5–10 times more energy 

per square foot than standard office spaces (43).

Solutions

At COP26, 52 countries committed to developing resilient, 

low-carbon healthcare systems, and high-income countries 

must lead the way in decarbonization (44). Over 1000 hospitals 

in the United States have committed to emissions reductions, 

and the NHS in England has developed a comprehensive net-

zero strategy (6,44), In line with this, ensuring cancer centres 

are retrofitted or built to high environmental standards, and 

powered by renewable energy (with financial support for 

this in LMICs), is a key step. In low-income countries, regular 

maintenance and repair services help extend the lifespan 

of existing equipment. Collaboration with international 

organizations to secure funding or donations for updated, 

energy-efficient and environmentally-responsible medical 

equipment would contribute to sustainable solutions. 

As travel is responsible for a large proportion of the emissions 

for cancer care, increasing the number of satellite centres, 

increased use of hypofractionated radiotherapy treatments, 

and use of telemedicine would also reduce emissions, and 

could improve patient experience (45). Telemedicine can also 

help facilitate access to care for patients in remote regions. 

Community based cancer care, where possible, has a lower 

carbon footprint than hospital based care (33). Improving 

public transport would also reduce travel emissions.

Procurement and supply chain comprise over 70% of 

healthcare’s emissions (46), and reducing these requires 

coordinated effort between health systems and industry (44). 

Regulations to ensure that manufacturers use sustainable 

practices have been implemented (e.g. ISO 14001) but need 

to be widely adopted to ensure standards are met. Embracing 

the circular economy, whereby a used product is returned to 

the manufacturer for reuse, refurbishment or recycling, can 

also contribute. In resource-limited settings, local production 

can reduce the need for extensive imports and transportation. 

Establishing partnerships with neighbouring countries for 

resource-sharing and reducing cross-border transportation 
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Table 1: Enabling greener biomedical research challenges and solutions

Challenge
      
Prioritizing environmental sustainability within the biomedical 
research ecosystem
 

Generating and disseminating evidence on environmentally 
sustainable research practices

Accelerating introduction of more environmentally sustainable 
practices in clinical research

Promoting and informing behaviour change
 

Possible solutions

-     Supporting “bottom up” activities with a more strategic and 
better resourced “top-down” approach
-   Develop a workforce specializing in improving the 
environmental sustainability of research practice
-     Integrating environmental sustainability into good research 
practice analogous to health and safety integration
-     Developing environmental sustainability standards to provide 
benchmarks and promote accountability
-    Central coordination for environmental sustainability in 
biomedical research

-     Provision of additional data on the environmental impact of 
research activities, equipment and consumables
-    Standardized and evidence based metrics on sustainability to 
guide decision making
-     Mechanisms to ensure effective dissemination of information 
and sharing of experience
-     A critical mass of experts to study and develop environmentally 
sustainable research practices

-     A greater focus on green practice in clinical trials and other 
clinical research
-     Public and patient engagement should be built into a 
sustainability agenda for clinical research
 

-     Coordinated engagement to ensure sustainability is embedded 
in the behaviour of individual researchers

Solutions
• Advocate for political action on 

climate
• Mitigate exposures to risk factors
• Develop resilient healthcare systems
• Prioritise reduction of health 

disparities 

Climate change affects cancerCancer care affects climate change

Challenges
Direct exposures to carcinogens:
• Air pollution, UV radiation, 

contamination of food and water 
Disruption of cancer care:
• Extreme weather events, migration
• Disproportionate harm to 

disadvantaged populations
Solutions
Lower-carbon healthcare e.g.
• Satellite centres, telemedicine, 

community-based care
• Evidence-based deintensification
• Sustainable manufacturing
• Prevention and early detection
• Funding and support for LMICs
• Greener Biomedical Research
• New models for conferences

Challenges
Globally, healthcare accounts for 4.4% emissions: 
• Healthcare infrastructure, carbon intensive 

treatment pathways, patient travel, waste
• Environmental impact of trials and research
• International conferences 

Figure 2: An overview of the challenges of climate change in oncology and potential solutions 

would also promote climate-friendly practices.  

Over-prescription and pharmaceutical waste need to be 

addressed. The key actions of reduce, reuse and recycle are 

fundamental to all sustainability initiatives (47), including 

clinical medicine and research. In 2012, the “Choose Wisely” 

campaign was launched in the United States, and is now 

active in 30 countries, discouraging the use of tests and 

interventions with minimal patient benefit over concerns of 

rising healthcare costs and concerns that a third of healthcare 

offered no clinical value to patients (48). The recommendations 

target overuse and have been re-imagined for clinical climate 

change mitigation (49). Evidence-based de-intensification 

of treatments (for example reductions in adjuvant therapy 

for colorectal cancer (50) and careful choice of treatment 
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scheduling (51), will reduce emissions associated with these 

treatment pathways. 

A renewed focus on risk reduction and cancer prevention 

is essential to limit the rise in cancer cases. This includes 

public health measures to promote healthier lifestyles and 

address wider determinants of health, such as active travel, 

limiting UV-exposure, and more plant-based diets, much 

of which also reduces emissions. In LMICs, many patients 

present with advanced-stage cancers requiring more intensive 

treatments due to limited access to early detection, which 

can lead to increased energy and resource consumption. 

Cancer awareness and education campaigns to promote early 

detection, and support for low-cost or free cancer screening 

programmes would reduce the need for aggressive treatments, 

improving cancer care and reducing environmental impacts. 

Palliative care is also often underdeveloped in low-income 

settings, which can lead to unnecessary and resource-

intensive interventions at the end of life. Compared with 

other specialties, palliative care has relatively low greenhouse 

gas emissions (52). Expanding palliative care provision and 

education, particularly community-based support, is essential 

both for patient care and emissions reductions. 

To date, engagement in sustainability in the clinical 

research arena has been low. Following a landmark analysis 

by the Sustainable Trials Study Group in 2007 of MRC 

CRASH trial (53), there has until recently been little progress, 

though we are now at a time of unprecedented activity in 

translational research. Over 2000 clinical trials evaluating 

immune checkpoint inhibitors were active last year (54). 

The rapid expansion of clinical investigation has been largely 

uncoordinated, a divergence that will increase as molecular 

profiling and predictive biomarkers, targeted therapies, and 

novel combinations are tested (55,56). Harmonization of 

trials, which would reduce waste, will be challenging given the 

disparate and growing number of pharmaceutical companies 

involved. When clinical engagement has been present it has 

been beneficial. In 2011, the UK Sustainable Clinical Trials 

Group (SCTG) published guidelines for reducing the carbon 

footprints of trials. Two subsequent trials demonstrated 

improved carbon efficacy due to faster patient recruitment, 

lighter trial materials and web-based data entry (57).

In contrast, in the laboratory arena engagement has been 

significant, where “My Green Lab” a non-profit organization 

with a mission to build a global culture of sustainability in 

science (58), is an exemplar. “My Green Lab” Certification is 

recognized by the United Nations “Race to Zero” campaign, 

and is considered gold standard for laboratory sustainability 

best practises internationally, with 1055 laboratories certified 

Waste 
reduction

Healthcare 
systems to reduce 
carbon footprint 

Sustainability 
symposiums in 
conferences

Green clinical 
trial initiatives  

Sustainability 
practises in grant 
applications

Actionable areas 
in 

clinical trials

Calculate carbon 
footprint of 
clinical trials

Figure 3: Actionable areas in clinical trials
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by July 2022 (58).

Several recent initiatives are accelerating progress in clinical 

trials. A UK research project funded by the National Institute 

for Health and Care Research (NIHR) is developing a method 

to measure reliably and consistently the carbon footprint of 

clinical trials (59). A recent forum workshop hosted by the 

Academy of Medical Sciences, the Medical Research Council, 

and the NIHR has highlighted four key challenges for greener 

biomedical research and proposed possible strategies to 

address these deficits (Table 1) (60). Actionable areas for 

improvement are shown in Figure 2 (59,61–64). 

As with clinical work, there is a need to enhance value and 

reduce waste in research (65–67). Integrating a “Green Choose 

Wisely” initiative into clinical research, as in clinical practice, 

would reduce waste, reduce trial costs, be climate smart, and 

could serve as a catalyst for engagement of the clinical trials 

community at this pivotal time.

Professional engagement and education is essential in both 

clinical and research settings. A multinational survey of 4654 

healthcare professionals assessing their views on climate 

change as a human health issue showed that awareness 

was high, but barriers existed to their engaging in advocacy 

and education on this issue (68). Over 70% of respondents 

reported that policy statements by professional organizations 

and guidance documents on workplace sustainability would be 

helpful to them.

Challenges

In order to share ideas and practices, members of the oncology 

community regularly meet for national or international 

meetings and conferences. This is key to research and 

development but also has a large environmental impact. Air 

travel to these meetings has a huge environmental footprint, 

but accommodation and event spaces also contribute 

significantly to conference emissions. Initial work estimates 

the carbon footprint of medical conferences is about 2–3 

tCO
2
e per delegate (69,70), and rough values for a European 

radiotherapy and oncology conference estimated per 

person emissions of about 1.1 tCO2e per person (personal 

communication). It is thought that to stay within 1.5°C each 

person globally would need to use less than 2.3 tCO2e per year 

by 2030, so one conference is a significant proportion of that 

yearly limit (71).      

Solutions

One solution to conference emissions would be to embrace the 

move to online conferences which the COVID-19 pandemic 

did much to normalize. This has been shown to reduce the 

carbon footprint of conferences by 94% (70) but also broadens 

access, including for colleagues in LMICs and those with 

caring responsibilities, and improves equity of delegates that 

can attend (72). Another possibility is to use a hub model to 

conferences whereby for example delegates meet face-to-face 

locally but join the international community virtually (73). A 

simpler approach would be to hold the meetings/conferences 

less frequently or alternate them between face-to-face and 

virtually each year. Such changes will require the support of 

both major cancer organizations and large pharmaceuticals.

Conclusion 
The circular impact of climate change on the provision cancer 

care to patients across the world, and of cancer care and 

research on the climate, are an urgent and essential issue 

within oncology. These interlinked issues replicate injustices 

noted across the climate and health movement: the greatest 

oncology-associated emissions arise from cancer care in high-

income countries, whilst the impacts are felt by patients in 

countries with historically very low emissions, and poor access 

to newer cancer treatments and technologies. These issues 

cannot be tackled without also addressing this injustice (74). 

Physicians are trusted messengers and powerful advocates. 

We suggest that the international oncology community has a 

key, and as yet largely unrealised role, not only in mitigating 

climate change by reducing our own impacts, but also in 

advocating for others – at individual, organizational, and 

governmental levels – to urgently and rapidly do the same. n
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