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Abstract

The present review examines the complex relationship between climate change and cancer, focusing on how
environmental changes may influence cancer risk and outcomes. Despite growing evidence, research on the
climate—cancer nexus remains heterogeneous and geographically limited, highlighting the need for more robust
data from diverse populations. This review aims to improve understanding among oncology professionals of the
potential role of climate change in cancer incidence and to support the development of comprehensive strategies
that integrate the broader context of cancer prevention in a rapidly changing world. A comprehensive search of
the PubMed database was conducted to identify English-language scholarly literature addressing climate change
and various solid cancers in human studies. Search terms included “air pollution,” “ozome depletion,
“ultraviolet radiation,” “global warming,” and “different types of solid cancer.” A detailed scoping review of
the available literature was undertaken to examine the multiple ways in which climate change may contribute to
cancer risk. The findings indicate associations between factors such as increased exposure to ultraviolet
radiation, air pollution, and disruptions to food and water supplies and the incidence of several major solid
cancers, drawing on evidence synthesised from multiple epidemiological studies. The review also examines shared
pathways, underlying mechanisms, and practical implications across cancer types. By bringing together current
evidence on the relationship between climate change and solid cancer incidence, this article identifies important
considerations for future research and public health strategies. Although individual efforts to reduce exposure to
modifiable risk factors are underway, further research is needed to determine which measures are most effective
in minimizing their adverse effects on health.
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Introduction

Cancer continues to represent a primary cause of
mortality and disability on a global scale. While
classical risk factors (tobacco, diet, infections,
occupational exposures) have been thoroughly
delineated, climate-linked hazards are now recognised
to intersect with many of these pathways. Temperature
increases, shifts in atmospheric chemistry, lengthened
wildfire seasons, extreme precipitation and flooding,
and volatile food and water security are all associated
with changes in the levels, mixtures and distribution of
carcinogenic exposures (Nogueira et al., 2020; Ray &
Ming, 2020; P. Yu et al., 2023). These changes in turn
impact health systems, which are under pressure to
deliver screening and treatment. In addition to direct
environmental exposure, climate change exerts an
influence on social determinants of cancer risk,
including forced migration, urban crowding, and
shifting occupational exposures. These factors
contribute to the shaping of both incidence and
outcomes (Schwerdtle et al., 2018).

The phenomenon of air pollution, which has
already been classified by the International Agency for
Research on Cancer (IARC) as carcinogenic to humans,
serves to illustrate this convergence. Fossil-fuel
combustion, wildfires, and secondary aerosol formation
have been identified as key drivers of exposure to fine
particulate matter and copollutants. These have been
associated with an increased risk of lung cancer, and
increasingly, other sites (Nogueira et al., 2020; Ray &
Ming, 2020; P. Yu et al., 2023). The dynamics of ozone
and the interactions between the stratosphere and the
troposphere have been demonstrated to influence
surface ultraviolet (UV) radiation and, by extension, the
risk of developing skin cancer. It is important to note
that heat waves and disasters have the potential to
disrupt oncology care, for instance in terms of access to
radiotherapy and the logistics of chemotherapy. This
disruption can lead to a deterioration in the survival
rates of vulnerable populations. In the context of
warming conditions, food and water insecurity,
including mycotoxins (e.g. aflatoxins) and cyanotoxins,
represent additional pathways that have been
demonstrated to be relevant to gastrointestinal and
hepatic malignancies (Kehm et al., 2025). The
mechanisms through which climate change influences
cancer can be broadly divided into two categories:
direct and indirect pathways. Direct pathways pertain to
environmental exposures that have been demonstrated
to possess carcinogenic potential, including fine
particulate matter, ultraviolet radiation, and aflatoxins.
In contrast, indirect pathways encompass the social and
systemic consequences of climate instability, such as
healthcare disruption, forced migration, and delayed
cancer screening. The recognition of these distinctions
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is of paramount importance, as it enhances causal
interpretation and guides targeted prevention efforts.

Notwithstanding the burgeoning corpus of
literature on the subject, oncology guidance has not yet
fully integrated climate-health evidence into prevention
and service planning. This review synthesises recent
human studies on climate-relevant exposures and solid
cancers, highlighting plausible mechanisms and
outlining practice and policy implications for cancer
control in a warming world. Notwithstanding the
heightened level of research activity, considerable
knowledge gaps persist. A paucity of studies has
systematically examined cancers beyond those of the
lung and skin, and data from low- and middle-income
regions—where climate vulnerability and
environmental exposures are highest—remain sparse.
Addressing these geographic and cancer-site
imbalances is essential to building an equitable global
evidence base. The present review seeks to
systematically synthesize evidence linking climate-
related exposures to cancer incidence, progression, and
outcomes through an integrated framework that
distinguishes environmental, biological, and health-
system pathways. The conceptual framework
underpinning this review posits that climate change
exerts its influence on cancer through two distinct
pathways: (i) direct pathways, encompassing exposure
to carcinogens such as air pollution and ultraviolet
radiation; and (i) indirect pathways, including food and
water contamination, occupational exposures, and
disruption of oncology care during extreme events. The
objective of this study is to provide a comprehensive
understanding of how climate hazards collectively
reshape global cancer risks by mapping these
interrelated mechanisms.

Methods
Design and Registration

A structured scoping review was conducted in
accordance with PRISMA-aligned best practices for
transparent identification and synthesis of evidence on
climate-relevant exposures and solid tumours (the
protocol for which is available upon request). The
PRISMA flow chart can be found in Figure 1.

Sources and Search

A comprehensive search was conducted on
PubMed, SCOPUS, and Web of Science for English-
language records from 2010 to 2024. This search
employed a combination of controlled vocabulary and
keywords that amalgamated cancer terminology (e.g.,
cancer, neoplasm, specific sites) with climate-related
exposures (e.g., particulate matter, air pollution,
wildfire smoke, ultraviolet, ozone, heat, global
warming, drought, water/food contamination). To
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capture additional articles, a hand-search was conducted
of reference lists of key reviews and cohort studies.

Eligibility Criteria

The following criteria must be met in order to be
eligible. The present study incorporated human studies
evaluating solid cancers in relation to at least one

climate-relevant exposure or event (as previously
defined). Eligible designs encompassed cohort, case-
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control, cross-sectional studies, meta-analyses, and
narrative/systematic reviews reporting incidence,
mortality, progression, or care disruption. In the course
of the present study, the following exclusions were
made: non-English articles, animal/mechanistic studies
devoid of human data, editorials lacking
primary/secondary data, and abstracts not accompanied
by the full text.

PRISMA (Simplified) — Climate-Relevant Exposures & Solid Tumors

Records identified (2010-2024)
PubMed, Scopus, Web of Science | English | n= 1350

l

Eligibility (Applied at Screening/Full-Text)

* Human studies on solid cancers AND >1 climate-relevant exposure/event (e.g., PM2.5/air pollution, wildfire
smoke, UV, ozone, heat, drought, water/food contamination)

* Designs: cohort, case—control, cross-sectional, meta-analyses, systematic/narrative reviews

* Outcomes: incidence, mortality, progression, or care disruption

l

Records excluded
n=1275

|
|
|

Studies included in scoping review
n=75

Figure 1. PRISMA Flow Diagram of Study Selection on Climate-Relevant Exposures and Solid Tumours.

Study Selection and Appraisal

The initial screening of titles and abstracts was
conducted by two reviewers, who subsequently
undertook a full-text assessment against the
predetermined eligibility criteria. Discrepancies were
resolved through consensus. In instances where
relevant, the following domains were noted: exposure
assessment methods (e.g. land-use regression, satellite-
derived PM2.5), outcome ascertainment, confounder
control, and risk-of-bias domains (selection, exposure
misclassification, confounding, and  outcome
misclassification).

Synthesis

Given the heterogeneity in exposures, populations,
and endpoints, the findings were narratively synthesised
by cancer site and exposure domain (air pollution,
UV/ozone, heat and extremes, food/water
contaminants, care disruption). In instances where

meta-analytic estimates were available, the direction
and strength of the observed association were reported,
as opposed to the re-pooling of data. Although
quantitative synthesis (meta-analysis) was initially
considered, substantial heterogeneity across study
designs, exposure metrics, and cancer outcomes
precluded statistical pooling. Consequently, a narrative
synthesis approach was adopted in order to integrate
findings by exposure type and cancer site, in accordance
with scoping review methodology. This approach is in
accordance  with PRISMA-ScR guidance for
synthesizing evidence in emerging interdisciplinary
fields where there is a paucity of standardized effect
estimates.

The Global Climate Change

Global climate change, characterised by
substantial changes in average weather patterns and an
increase in extreme weather events (Ray & Ming, 2020;
P. Yu et al., 2023), is having a profound impact on the
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planet. This phenomenon has been extensively
documented and is primarily driven by human
activities. The European Environment Agency has
reported a steady rise in global sea levels, averaging 1.8
mm per year since 1961, alongside a concerning 2.7%
per decade decrease in Arctic Ocean ice coverage
(Blockley et al., 2023). According to Ray and Ming
(2020), these changes have contributed to the retreat of
mountain glaciers, increased ocean acidity, and a higher
frequency of natural disasters. The Intergovernmental
Panel on Climate Change (IPCC) has warned that
extreme weather events, including heatwaves, floods,
and droughts, are expected to occur with increasing
frequency throughout the 21st century (Blockley et al.,
2023). As environmental challenges intensify,
achieving  sustainable  development  becomes
increasingly complex. A key aspect of this challenge is
understanding the effects of climate change on human
health, particularly in relation to cancer research and
prevention (Ray & Ming, 2020).

The Global Cancer Burden and Climate Change

In recent decades, cancer has emerged as a leading
cause of premature death worldwide, surpassing
cardiovascular disease in some contexts and
representing a major global health concern. Many
cancers that were once considered inevitably fatal can
now be prevented in some cases or treated more
effectively (P. Yu et al., 2023). This progress can be
attributed to advances in early detection, more effective
treatments, and improved control of cancer risk factors.
Despite these advances, disparities in exposure to risk
factors and access to healthcare continue to contribute
to differences in cancer incidence and mortality rates
worldwide (P. Yu et al., 2023).

Nevertheless, climate change poses a critical yet
frequently overlooked challenge to ongoing efforts in
cancer prevention and control. It affects two distinct but
interconnected areas: exposure to cancer risk factors
and access to cancer care (Nogueira et al., 2020; Schiller
et al., 2020; P. Yu et al., 2023). For example, extreme
weather events, such as hurricanes and wildfires, can
increase exposure to toxic substances, potentially
contributing to greater cancer risks (Jones et al., 2022).
Furthermore, the effects of climate change on cancer
outcomes, including survival, are becoming an
increasingly important concern (Nogueira et al., 2020;
Schiller et al., 2020; P. Yu et al., 2023). Extreme weather
events can disrupt cancer treatment facilities and limit
patients’ access to care (Hiatt & Beyeler, 2020).
Consequently, strengthening disaster preparedness in
cancer treatment centres and addressing the healthcare
sector’s contribution to global warming are important
priorities. Notably, many strategies designed to mitigate
climate change can also reduce exposure to
carcinogens, potentially providing dual benefits for
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climate action and cancer prevention (Hiatt & Beyeler,
2020).

Increased Exposure to Carcinogens Due to Climate
Change

Anthropogenic climate change may increase
cancer risk by increasing exposure to established
carcinogens through various environmental pathways,
including air, water, soil, food, and ultraviolet (UV)
radiation. Outdoor air pollution, particularly its fine
particulate matter component (PM:z.s), has been
identified as carcinogenic to humans, with established
evidence linking it to lung cancer (PRESS RELEASE
NO. 221 IARC: Outdoor Air Pollution a Leading
Environmental Cause of Cancer Deaths, 2013; Turner
et al., 2020). Extreme weather events can cause acute
increases in exposure to pollutants. For example, during
Hurricane Harvey in 2017, petrochemical facilities
reportedly released more than one million pounds of air
pollutants, while 13 nearby Superfund sites were
flooded or potentially damaged (US EPA, n.d.). Dioxins
illustrate the long-term persistence of some
environmental contaminants, with a biological half-life
in humans of approximately 7-11 years and estimated
half-lives in soil of around 9-15 years in surface soil
and 25-100 years in subsurface soil (Dioxins, n.d.). In
quantitative terms, ambient PM..s was estimated to
account for approximately 14.1% (95% UI 9.8-18.7) of
global lung cancer deaths in 2017, highlighting a
substantial and potentially preventable burden that may
be affected by climate-related changes in exposure
(Turner et al., 2020). These impacts are not distributed
equitably. In the areas affected by Hurricane Harvey,
flooding and toxic incidents disproportionately affected
neighbourhoods with larger non-Hispanic Black
populations and greater socioeconomic deprivation.
This pattern underscores the importance of
environmental justice (Blockley et al., 2023; Mufson,
n.d.; PRESS RELEASE N° 221 TARC: Outdoor Air
Pollution a Leading Environmental Cause of Cancer
Deaths, 2013; Turner et al., 2020; US EPA, n.d.).

Furthermore, the expansion of wildfire seasons,
together with increases in fire frequency and severity,
has contributed to the release of substantial quantities of
air pollutants, including particulate matter and other
potentially carcinogenic substances. These emissions
can affect air quality over extensive areas, as illustrated
in 2018, when smoke from California's wildfires
affected air quality across the continent (Claire, 2025;
Mufson, n.d.; PRESS RELEASE N° 221 IARC:
Outdoor Air Pollution a Leading Environmental Cause
of Cancer Deaths, 2013; Turner et al., 2020).

Climate change may also exacerbate air pollution
through several interconnected processes, including
changes in atmospheric conditions and the continued
combustion of fossil fuels, which releases greenhouse
gases and air pollutants. The International Agency for
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Research on Cancer (IARC) has classified outdoor air
pollution as carcinogenic to humans (Group 1),
underscoring its significance as a public health concern.
Both indoor and outdoor air pollution present important
health risks, including cancer risks. Millions of people
are exposed to indoor air pollution from the combustion
of biomass fuels and coal, which can further contribute
to the burden of harmful exposures (Chakraborty et al.,
2019; Claire, 2025; Dioxins, n.d.; Lieberman-Cribbin et
al., 2021; US EPA, n.d.).

In addition, rising temperatures associated with
climate change may pose particular challenges for
people with cancer. Some patients may be more
vulnerable to extreme heat because of impaired
thermoregulation, treatment-related effects, or other
health-related factors. Increasing occupational heat
exposure is also a concern, although the relationship
between heat exposure and specific cancers, including
breast cancer, requires careful evaluation of the
available evidence. Changes in stratospheric ozone
levels can increase exposure to ultraviolet (UV)
radiation, which is an established risk factor for
melanoma and other skin cancers. Furthermore,
melanoma survivors have an increased risk of
developing second primary malignancies, including
prostate cancer (Claire, 2025; Mufson, n.d.; US EPA,
n.d.).

Climate change also raises concerns about water
quality.  Conditions associated with  warmer
temperatures may favour the proliferation of toxin-
producing cyanobacteria, increasing the potential for
human exposure to cyanotoxins through contaminated
water supplies. Some cyanotoxins have been
investigated for possible associations with liver and
colorectal cancers, although the strength of evidence
varies by toxin and cancer type. In addition, climate-
related changes in growing conditions and food storage
may increase the risk of aflatoxin contamination in food
crops. Aflatoxins are potent carcinogens produced by
certain fungi, and exposure to them is an established
risk factor for liver cancer (Chakraborty et al., 2019;
Dioxins, n.d.; PRESS RELEASE N° 221 IARC:
Outdoor Air Pollution a Leading Environmental Cause
of Cancer Deaths, 2013; Lieberman-Cribbin et al.,
2021; Mufson, n.d.; Turner et al., 2020; US EPA, n.d.).

These trends highlight the need for comprehensive
strategies to address the intersection of climate change
and cancer. A clearer understanding of the pathways
linking climate-related environmental changes to
carcinogen exposure and cancer risk is essential for
developing effective prevention and adaptation
strategies to address this growing public health concern.
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As Healthcare Professionals, What Can We Do to
Address This Critical Situation?

Healthcare professionals, including doctors and
other medical staff, play a pivotal role in global efforts
to address climate change, drawing on their credibility
as trusted sources of information. By using this trust to
communicate health risks and advocate for effective
action, healthcare professionals can make important
contributions to protecting patients’ health and well-
being. This includes supporting policies that mitigate
the adverse effects of climate change on human health
(Hiatt & Beyeler, 2020; P. Yu et al., 2023). Healthcare
organisations can contribute to a healthier environment
and population by supporting measures that reduce the
environmental impact of society and the healthcare
sector.  Promoting  sustainable practices and
environmentally responsible initiatives is important for
climate change mitigation and can also provide broader
benefits for public health and well-being (Hiatt &
Beyeler, 2020).

Healthcare professionals should also participate
proactively in preparedness efforts for emerging
infectious diseases and other health threats that may be
influenced by climate change. They can contribute by
advocating for comprehensive preparedness strategies
and supporting research aimed at understanding and
addressing these evolving threats, thereby strengthening
community resilience (Chakraborty et al., 2019; Hiatt &
Beyeler, 2020; Lieberman-Cribbin et al., 2021).

Recognizing the relationship between climate
change and human health, including the growing
concern about its potential links with cancer, is another
important aspect of healthcare advocacy. Recent studies
suggest that climate change may indirectly influence
cancer risk through environmental and lifestyle
changes. These potential relationships highlight the
need for further research to clarify the underlying
pathways and better understand the extent of these
effects (Hiatt & Beyeler, 2020; Lieberman-Cribbin et
al., 2021).

Active involvement in research and education at
the intersection of climate change and health is also
essential. Generating and sharing knowledge in this
field can help healthcare professionals raise awareness,
inform communities, and contribute to policy
development. Education is fundamental to these efforts,
as it helps build a clearer understanding of the health
risks associated with climate change and the strategies
needed for both mitigation and adaptation (Hiatt &
Beyeler, 2020; Lieberman-Cribbin et al., 2021).
Detailed evidence is presented in Table 1, while the
pathways, underlying mechanisms, and practical
implications synthesised in this review are summarized
in Table 2.
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Table 1. Human Studies on Climate-Relevant Exposures and Cancer
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Author . Design & Cancer - -
(Year) Country/Setting Sample Size Exposure(s) Outcome(s) Key Findings Notes/Limits
(Hill et al., Experimental PMo.s promotes Mechanistic
L . . Lung expansion of focus; not a
2023) Multinational + integrative PMaz.s ; . . . .
adenocarcinoma oncogenic clones in  population risk
(Nature) . N .
airway epithelium estimate
(Guo et al., . . Lung cancer Long-term pollution Exposure
. Air pollution . . . positively . ) .
2024) Southern China Large cohort incidence/admissio . . misclassificatio
(long-term) associated with lung .
ns . n possible
cancer metrics
(Ma et al., Short-term D.illy pollupon d h
Osaka, Japan Time-series PM and Lung-cancer spikes associate Short-term
2023) ’ mortality with higher associations
gases >
mortality

. . Wildfire smoke Exposure
(Korsiak et Canada Nationwide ;le(()isf;llrrz Overall & site- linked to higher modeled;
al., 2022) cohort p specific incidence overall and lung residual

(long-term) - .
cancer incidence confounding
(Hassa;mpo Sr};itizr‘?vagc Ambient Positive pooled Heterogeneous
uretal, Global meta- ollutants CNS/brain tumors associations for designs/exposur
2023) . p CNS tumors es
analysis
p ; Mechanistic
(1 agano ¢ Narrative/mechanisti Review Air pollution Brain pathways: oxidative Narrative
al., 2023) c mixtures tumorigenesis stress, BBB synthesis
disruption
(Ruszkiewi . .

) Climate- Brain diseases incl Summarizes neuro- Not tumor-
czetal, Global Review linked " inflammatory/oxida specific meta-
2019) . tumors . . .

toxicants tive mechanisms analysis
. All-site
(Wei et al., . . . o
USA Large cohort PMz.s + NO: Primary cancer Additive effects of  incidence; site-
2023) (older adults) (10-yr) incidence PM..s and NO- specific detail
limited
(Parent et Casecontrol Higher NO: linked Urba;(i’i‘g?sure
al., 2013) Montreal, Canada (~1,900+) NO: (traffic) Prostate cancer with 1ncreaseq confounding
prostate cancer risk .
possible
(Youogo et Case-control Long-term Observational;
Canada (1,420/1,424 PMo.s & Prostate cancer PM:.5/NO: exposure
al., 2022) ’ ’ NO: associated with post
) . modeling
prostate cancer risk
(Chen et al., Pooled Ambient air Bladder cancer P(i)llutl‘on associated Low-level
2022) Europe . e with higher bladder- exposure
cohorts pollution incidence .
cancer incidence focus
(Sakhvidi et . Bladder, kidney, I.)OS.mV? Heterogeneit
1., 2020) Global Systematic Air pollution urinary tract associations; calls y across
al, review for refined exposure )
cancers . studies
metrics
(Hvidtfeldt Ambient air Associations Potential
etal., 2022) Europe Cohort . Kidney cancer observed even at residual
’ pollution .
low levels confounding
(Nagel et al., Stomach & Positive Exposure
2018) Europe 6-cohort study PM2.5/NO2 aerodigestive associations across models; site
cancers some sites heterogeneity
Jenwith K Pollution associated
(Jenwitheesu Thailand Ecologic/time- Accumulated Colon cancer with increased Ecologic
etal., 2020) series air pollution incidence colon cancer design
incidence
(Chu et al., . Prospective PMa.s + Gen_e—env1r'0nment Needs
2021) China cohort (gene . Colorectal cancer interactions ..
. ; genetics replication
interaction) observed
(Ku et al., PM..s linked to Intermediate
2021) Taiwan Cohort PM:.s CRC pathway elevated fecal Hb &
CRC risk outcome

]
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?;:::; Country/Setting S?rf]s[;lg:sfzze Exposure(s) OS::S:(S) Key Findings Notes/Limits
(So et al., . Long-term pollution . .
2021) Europe Multi-cohort Air pollution Lizgf d(;ﬁ(;er associated with Ree)fldentlal

liver-cancer risk posure
(Gan et al., . . Positive .
2023) S)r/stgmatlc Rev1ew/meta- Air pollution Liver cancer associations with Heterogeneity
eview narrative L . noted
incidence/mortality
(Scheurer et Traffic pollutants
al., 2014) USA Cross-sectional ~ Traffic HAPs  Cervical dysplasia associated with Cross-sectional
dysplasia
(Hu etal,, hi logi | - volluti Breast & cervical ~ Positive population- Ecologic
2023) China Ecologic pane Air pollution cancer prevalence level associations design
(Dehghani et Positive Narrative;
al., 2022) Global Review Air pollution Ovarian cancer associations with effect sizes
ovarian cancer vary
(Yin et al., Nitrates/nitrit Nitrate exposure
2020) Global Narrative review o Gastric cancer linked to gastric Mixed designs
cancer risk
(Dehghani et Higher pollution Exposure
al., 2021) Iran Ecologic/cohort Air pollution Thyroid cancer linked with thyroid- lipmi s
cancer incidence
(He et al., Population Ozone associated Precursor
2022) Hunan, China cohort Ozone Thyroid nodules with thyroid outcome
nodules
(Parker, UV remains .
2021) Global Review polljh\l]t;lts Skin cancers dominant; pollution Is\;ilr:ﬁ:s\;:

may potentiate risk

Table 2. Climate-Related Exposures and Their Links to Cancer: Mechanisms and Implications
Climate-Linked Associated Evidence Implications for Practice &
Exposure / Hazard Cancer(s) Strength* Policy
Lung, prostate,

Mechanisms / Pathways

Oxidative stress, Emission reduction, clean-air

PMo.s, NO. colorectal, liver, Strong (multiple inflammation, endocrine shelters, occupational
(traffic/industrial, bladder, kidney, cohorts + meta- . . ¢ L upatio
wildfires) brain, thyroid analyses) disruption, DNA damage, protections, registry linkage
:)ral ’ oncogenic clone promotion with air-quality data
Moderate Complex mixtures (PAHs, Smoke-response plans,

. . lation cohorts; ultrafines), systemic respirators, continuity of
1dfi k L 1 (population cohorts; . % ! ’ ,
Wildfire smoke ung, brain, ora mechanistic inflammation, neurotoxicity,  screening and oncology services

plausibility) disruption of care during wildfire events

Skin cancers

UV radiation (ozone (melanoma, Strong (decades of Direct DNA damage, UV alerts, occupational
depletion, behavior keratinocyte epidemiology + oxidative stress, immune protections, sunscreen/protective
changes) cancers), lip mechanistic clarity) modulation clothing guidance
cancer
Thyroid Low-moderate . . ..
. . . . Strengthen air-quality policies,
nodules/cancer (ecologic/cohort, Endocrine disruption, : A
Ozone (surface-level) . . integrate thyroid risk
(emerging precursor oxidative stress .
. . surveillance
evidence) endpoints)
Nitrates/nitrites . Nitrosation — N-nitroso Monitor water quality, regulate
. . . . Moderate (ecologic, S . >
(climate-driven water ~ Qastric, thyroid cohort, meta) compounds; iodide agriculture runoff, safe drinking-
contamination) ’ competition in thyroid water interventions
Aflatoxin & Strong for -
XIn ne DNA adducts, hepatotoxicity, Food-safety systems
cyanotoxins . aflatoxin—-HCC; . . . .

. Liver, colorectal metabolic dysregulation, (drying/storage), toxin
(warming, drought, moderate for microbiome disruption surveillance, nutrition policies
floods) cyanotoxins—CRC P ’ p

Breast,
occupational Moderate Immune suppression, Occupational protections, heat

Extreme heat /

cancers; service
heatwaves

disruption across
all

(occupational &
ecologic studies)

hormone pathway
modulation, care delays

emergency oncology service
planning
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Climate-Linked Associated Evidence Mechanisms / Pathwavs Implications for Practice &
Exposure / Hazard Cancer(s) Strength* y Policy
All cancers
(treatment
Care disruption ra d(ii(?tlliersz:l High (consistent Interrupted treatment — Health-system resilience
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Breast Cancer and Climate Change

Breast cancer is the most frequently diagnosed
malignancy among women worldwide. Its aetiology is
multifactorial, involving interactions between genetic
susceptibility, hormonal and reproductive factors, and
environmental exposures (Hiatt & Beyeler, 2023).
Susceptibility varies throughout the life course. Prenatal
development, puberty, pregnancy and lactation, and the
menopausal transition are important windows during
which breast tissue may be particularly vulnerable to
endocrine-active and inflammatory exposures that
could influence long-term cancer risk (Terry et al.,
2019). Persistent organic pollutants (POPs), pesticides,
and endocrine-disrupting chemicals may also influence
breast cancer risk through oestrogenic and
inflammatory pathways. Climate-related changes may
alter the distribution or mobilisation of some of these
substances, potentially changing patterns of exposure
(Ennour-Idrissi et al., 2019).

Climate-sensitive hazards may influence both the
initiation and progression of breast cancer. Combustion-
related mixtures, including fine particulate matter
(PM:.5) and polycyclic aromatic hydrocarbons (PAHs)
from traffic, industrial activities, and wildfires, have
been associated with oxidative stress, systemic
inflammation, and endocrine activity relevant to breast
carcinogenesis (Cruz et al.,, 2018; Hinchliffe et al.,
2021; Rodgers et al., 2018). Extreme heat and disaster
events may also adversely affect dietary quality and
increase exposure to hazardous substances in household
and occupational settings. In addition, such events can
disrupt screening and treatment pathways, potentially
exacerbating existing disparities in incidence, stage at
diagnosis, and health outcomes. These stressors do not
affect all populations equally and may widen disparities
among communities exposed to climate-related hazards
(Hiatt & Beyeler, 2023; P. Yu et al., 2023).

Geographic patterns provide further grounds for
investigating the environmental contribution to breast
cancer risk. Ecological analyses in Iran, for example,
have identified spatial gradients that may be associated
with aridity, solar exposure, and co-occurring air
pollution mixtures. These findings provide a basis for

further investigation and support consideration of
climate and air-quality indicators in breast cancer
surveillance and prevention programmes (Maryanaji,
2020).

The implications for practice and policy can be
considered at three levels. Primary prevention should
focus on reducing emissions and controlling
combustion sources that generate PAHs and other toxic
substances. Secondary prevention should include
measures to protect workers and communities from heat
and wildfire smoke during extreme events. Tertiary
prevention should focus on ensuring that healthcare
systems can maintain screening, timely pathology
services, and oncology care during climate-related
emergencies, with health equity as a central objective.

Lung Cancer and Climate Change

Lung cancer is the leading cause of cancer-related
mortality worldwide. Although tobacco remains the
dominant risk factor, climate-sensitive exposures,
particularly combustion-related air pollution and
wildfire smoke, are increasingly being investigated for
their roles in carcinogenesis and disease progression.
Multi-pollutant mixtures containing fine particulate
matter (PM..s) and nitrogen oxides have been associated
with systemic inflammation, oxidative stress, and tissue
remodelling, processes that may contribute to malignant
transformation and tumour growth. Mechanistic
research suggests that fine particles may promote the
expansion of oncogenic clones in susceptible airway
epithelium, providing a biologically plausible link
between episodic or chronic exposure to air pollution
and lung tumour development (64). Research by Hill et
al. (2023), published in Nature, further demonstrated
that fine particulate matter (PM2.s) may promote the
expansion of oncogenic clones in susceptible airway
epithelium, providing a potential mechanistic link
between air pollution and lung adenocarcinoma,
including in non-smokers (Hill et al., 2023).

From an epidemiological perspective, analyses of
long-term cohorts have identified associations between
exposure to PMa.s and nitrogen dioxide (NO:) and
increased lung cancer incidence and mortality,
including in settings where pollutant concentrations are
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close to or below previously established regulatory
limits (Hill et al., 2023; Rodgers et al., 2018). Studies
involving large cohorts of older adults have also
reported an additive effect of long-term exposure to
PM..s and NO: on the incidence of primary cancer.
These findings raise concerns about the combined
effects of pollutant exposure under warming conditions
that may favour the formation of photochemical smog
(Fernandez, n.d.). Short-term increases in particulate
matter and gaseous air pollutants have also been
associated with lung cancer mortality (Nogueira et al.,
2020). This association suggests that acute increases in
pollution may be linked to poorer outcomes among
people living with cancer, although the nature and
extent of this relationship require further investigation.

Climate change is contributing to longer wildfire
seasons and may increase the frequency of severe
smoke events. A population-based study in Canada
reported an association between long-term exposure to
wildfires and increased cancer incidence, with a
particular association observed for lung cancer (Guo et
al., 2024). In addition to potential direct carcinogenic
effects, climate-related extreme events, including
heatwaves, wildfires, and floods, can disrupt low-dose
computed tomography (CT) screening, diagnostic
pathways, and treatment logistics. Such disruptions may
delay access to stage-appropriate care, particularly for
people living in highly exposed or resource-constrained
communities (Hill et al., 2023).

The implications for practice include three key
priorities. First, primary prevention should focus on
rapidly reducing emissions from combustion sources.
Second, smoke and smog response plans should
prioritise protection for vulnerable groups through
measures such as respirators, clean-air shelters, and
remote triage. Third, healthcare systems should
establish service-continuity plans, including backup
power for radiology and infusion services and flexible
scheduling during smoke or heat alerts, to minimise
interruptions to cancer care during climate-related
emergencies (Guo et al., 2024; Hill et al., 2023).

Brain Cancer and Climate Change

Primary brain tumours comprise a diverse group of
neoplasms with different histological characteristics
and aetiologies. In addition to well-established risk
factors, such as ionising radiation and certain genetic
syndromes, climate-sensitive exposures, particularly
complex air pollution mixtures and wildfire smoke, may
influence disease risk and outcomes through
mechanisms involving neuroinflammation, oxidative
stress, and dysfunction of the blood—brain barrier
(BBB) (Hassanipour et al., 2023; Pagano et al., 2023;
Ruszkiewicz et al., 2019). These mixtures, which
include fine particulate matter and reactive gases
released by traffic, industrial activities, and wildfires,
have been associated with chronic inflammatory
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signalling and redox imbalance in neural tissues.
Research also suggests that exposure to elevated
temperatures and prolonged exposure to particulate
pollutants may compromise the integrity of the BBB,
potentially  exacerbating neuroinflammation and
facilitating the entry of toxic substances into the central
nervous system (CNS) (Hassanipour et al., 2023;
Pagano et al., 2023; Ruszkiewicz et al., 2019).

Evidence from population-based studies is
growing, although the findings remain heterogeneous.
A recent systematic review and meta-analysis reported
positive associations between several ambient air
pollutants and central nervous system (CNS) tumours,
while noting variability in study designs and exposure
assessment methods (Hassanipour et al.,, 2023).
Meanwhile, mechanistic and integrative reviews have
examined how airborne toxicants may contribute to the
initiation or promotion of brain tumour development
through mechanisms such as DNA damage, epigenetic
alterations, microglial activation, and disruption of the
BBB. These findings provide biological plausibility for
the associations reported in epidemiological studies, but
do not by themselves establish a causal relationship
(Pagano et al., 2023; Ruszkiewicz et al., 2019).

Climate change is contributing to changes in
wildfire seasons and may increase the duration and
intensity of smoke exposure. A large Canadian cohort
study reported an association between prolonged
wildfire exposure and increased overall cancer
incidence, alongside site-specific associations and null
findings for haematological malignancies. These
findings suggest that associations between wildfire
exposure and cancer may differ across cancer types
(Korsiak et al., 2022). Climate-related extreme events,
including heatwaves, wildfires, and floods, may also
disrupt neuro-oncology services, including diagnostic
procedures, neurosurgical capacity, and radiotherapy
scheduling. Such disruptions may delay diagnosis and
compromise continuity of treatment, particularly in
highly exposed or resource-constrained settings
(Hassanipour et al., 2023; Korsiak et al., 2022; Pagano
et al., 2023; Ruszkiewicz et al., 2019).

The implications for practice and policy include
three main priorities. First, reducing emissions from
combustion sources is essential to limit air pollution.
Second, measures should be implemented to protect
communities and workers who are particularly
vulnerable to wildfire smoke and smog. Third,
healthcare systems should develop and maintain
preparedness plans to ensure continuity of neuro-
oncology services during climate-related emergencies
(Hassanipour et al., 2023; Korsiak et al., 2022; Pagano
et al., 2023; Ruszkiewicz et al., 2019).
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Prostate Cancer and Climate Change

Prostate cancer is the second most frequently
diagnosed malignancy in men and a major cause of
cancer-related mortality. Non-modifiable determinants,
including age, ancestry, and family history, remain
central considerations in this field, while evidence
regarding modifiable factors, such as diet, physical
activity, and environmental and occupational
exposures, continues to evolve. In this context, climate-
sensitive combustion-related pollutant mixtures,
characterised by elevated concentrations of PM..s and
NO2, warrant consideration given their documented
endocrine-disrupting activity and pro-inflammatory
potential. As discussed by Youogo et al. (2022) and
Zimta et al. (2021), various constituents, including
polycyclic aromatic hydrocarbons (PAHs), benzene,
and metals, may affect the prostate through several
mechanisms involving oxidative stress, mitochondrial
dysfunction, and immune signalling. These constituents
may also disrupt systemic hormonal pathways.
Endocrine-disrupting pollutants have been
hypothesised to interact with metabolic syndrome, a
condition whose prevalence may be influenced by
climate-related changes in diet and lifestyle. This
interaction could potentially increase susceptibility to
prostate cancer (Youogo et al., 2022; Zimta et al.,
2021).

Population-based data increasingly support this
biological plausibility, although the strength and
interpretation of the evidence require careful
consideration. A Canadian population-based case-
control study involving 1,420 cases and 1,424 controls
observed an increased risk of prostate cancer associated
with long-term exposure to PM..s and NO: (Youogo et
al., 2022). In a large cohort of older adults in the United
States, prolonged exposure to PMa.s and NO: was
associated with synergistic effects on the incidence of
primary cancers, highlighting concerns about the
combined impact of these pollutants, whose
concentrations may be affected by climate-related
changes (Wei et al., 2023). A case-control analysis
conducted in Montreal using land-use regression also
demonstrated an association between elevated NO:
levels and an increased risk of prostate cancer (Parent et
al., 2013). Considered within the broader context of
industrialization, land use, and climate change, these
findings support the view that environmental quality
and cancer control are closely interconnected (Zimta et
al., 2021).

Across all cancer types, several shared biological
and systemic mechanisms emerge as central to the
relationship between climate change and cancer. These
include oxidative stress, chronic inflammation,
endocrine disruption, immune dysregulation, and
disruptions to healthcare delivery during extreme
weather events. Integrating these shared pathways
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provides a coherent framework for interpreting findings
specific to individual cancer sites.

The implications of these findings include several
priorities. Primary prevention requires reducing
exposure to PMa.s and NO: through reductions in
emissions from traffic, industrial activities, and solid-
fuel combustion (see Parent et al., 2013; Wei et al.,
2023; Youogo etal.,2022; Zimta et al., 2021). Exposure
mitigation is also particularly important; during
episodes involving smog, dust, or wildfire smoke, alerts
should be implemented, clean-air spaces should be
provided, and appropriate respiratory protection should
be made available to highly exposed groups and
workers (Zimta et al., 2021). Maintaining continuity of
clinical care is equally important. PSA testing, mpMRI
and biopsy pathways, radiotherapy, and follow-up
should be maintained during smoke and heat events
through flexible scheduling and contingency plans
(Zimta et al., 2021). Risk counselling should address the
possibility that cumulative, long-term exposure to PMa.s
and NO: may modify prostate cancer risk, particularly
among residents of highly exposed neighbourhoods,
while acknowledging that stronger evidence is needed
to establish causality (see Parent et al., 2013; Wei et al.,
2023; Youogo et al., 2022). The following section will
examine the relationship between surveillance and
policy. To identify disparities and inform targeted
emission-control policies, cancer registries should be
linked with  high-resolution air-quality  data.
Furthermore, research should prioritise low-dose
exposure-response relationships, gene—environment
interactions, windows of susceptibility, and personal
and time-varying exposure measurements (Parent et al.,
2013; Wei et al., 2023; Zimta et al., 2021).

Colorectal Cancer and Climate Change

Colorectal cancer (CRC) is the third most
commonly diagnosed malignancy worldwide and a
leading cause of cancer-related mortality. Established
risk factors, including dietary patterns, obesity, physical
inactivity, alcohol consumption, tobacco use, and
inherited syndromes, remain central to prevention and
control. However, a growing body of evidence suggests
that climate-sensitive exposures may be relevant to
CRC risk and outcomes through mechanisms involving
inflammation, oxidative stress, microbiome
perturbation, and metabolic dysregulation (Chu et al.,
2021; Granados-Romero et al., 2017; Jenwitheesuk et
al., 2020; Ku et al., 2021).

Air-pollution mixtures rich in PM2.s and reactive
gases are a major concern, as warming and drought can
prolong wildfire seasons, intensify dust episodes, and
favour secondary aerosol formation. A substantial body
of research has reported a positive association between
long-term exposure to PM..s and NO: and the incidence
of colorectal cancer (CRC). This association has been
observed in several large-scale population studies,
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including satellite-based assessments in Thailand and
multicentre cohorts that have also identified gene—
environment interactions involving PMz.s and CRC risk
(Chu et al., 2021; Jenwitheesuk et al., 2020; Ku et al.,
2021). Short-term increases in particulate pollution
have also been associated with unfavourable outcomes
among patients with CRC. This finding suggests that
both chronic and acute exposure to particulate pollution
may play a role in disease progression and CRC-related
mortality (Ku et al., 2021).

Disruptions to food systems associated with
climate change have the potential to affect food
availability, safety, and affordability, potentially
shifting dietary intake away from protective dietary
patterns, such as those rich in fibre, towards greater
consumption of processed foods. In addition, the levels
of certain contaminants may increase under changing
environmental conditions. Metabolomic profiling has
shown that diet—environment interactions can modulate
metabolic and signalling pathways relevant to
colorectal cancer (CRC). Consequently, climate-driven
changes in food quality, nutrient composition, and
contaminant loads may alter the structure and function
of the gut microbiome, potentially reducing beneficial
short-chain fatty acids, disrupting bile-acid profiles, and
promoting insulin resistance. These changes may, in
turn, contribute to chronic inflammation and metabolic
dysregulation, which intersect with established CRC-
related pathways. Collectively, these mechanisms
provide a biological rationale for the hypothesis that
climate-related stressors may increase the population
burden of CRC (Granados-Romero et al., 2017; Rattray
etal., 2017).

The implications for CRC control include
integrating cancer prevention and control strategies
with measures to address air pollution. Primary
prevention should involve the rapid reduction of
emissions from combustion sources and the
implementation of effective dust-control measures.
Public guidance and protective measures should be
provided for high-risk groups during smoke and smog
events. During extreme weather events, plans should be
implemented to maintain continuity of CRC screening,
including flexible scheduling and remote pre-visit
triage. In addition, nutrition policies that safeguard
access to healthy, affordable foods should be
implemented as climate pressures intensify (Chu et al.,
2021; Granados-Romero et al., 2017; Jenwitheesuk et
al., 2020; Ku et al., 2021; Rattray et al., 2017).

Liver Cancer and Climate Change

Primary liver cancer, predominantly represented
by hepatocellular carcinoma (HCC), is a major
contributor to global cancer mortality. Established risk
factors for primary liver cancer include chronic hepatitis
B and C infections, alcohol consumption, aflatoxin
exposure, and the increasing burden of metabolic
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dysfunction-associated steatotic liver disease (MASLD,
formerly referred to as non-alcoholic fatty liver disease
[NAFLD]). Climate-sensitive hazards intersect with
these determinants through multiple pathways,
including combustion-related air pollution, particularly
PM..5s and NO, heat and drought, which can affect food
safety and increase the risk of fungal toxin
contamination, and extreme weather events that disrupt
prevention and healthcare delivery. Collectively, these
factors may exacerbate systemic inflammation,
oxidative stress, and lipid and metabolic dysregulation,
all of which are implicated in the development of
hepatocellular carcinoma (Gan et al.,, 2023; Saad-
Hussein et al., 2022; So et al., 2021; VoPham, 2019).

The growing body of epidemiological evidence
provides further support for these potential
mechanisms. Multi-cohort analyses conducted in
Europe have indicated an association between long-
term exposure to ambient air pollution and an increased
risk of several types of cancer, including liver cancer.
These findings reinforce concerns about chronic
exposure to fine particulate matter and co-pollutants (So
et al., 2021). Several recent systematic reviews have
reported positive associations between air pollution and
liver cancer incidence and mortality. However, these
reviews have also highlighted heterogeneity in exposure
assessment and the control of confounding factors,
underscoring the need for improved study designs and
harmonized methods (Gan et al., 2023). Broader
reviews examining climate change and liver disease
have identified plausible links involving infectious,
toxic, and metabolic pathways and have called for
integrated surveillance systems, or health maps, that
combine climate, air-quality, and liver-health indicators
(Saad-Hussein et al., 2022; VoPham, 2019) (Gan et al.,
2023b). Findings from complementary studies
suggesting that large-scale climatic patterns may help
explain geographical and temporal variations in the
liver cancer burden have also prompted further research
into the role of climate variability. These findings
support the need for environmental epidemiological
studies using higher-resolution data.

The implications of these findings include several
priorities. For primary prevention, combustion
emissions from traffic, industry, and solid-fuel use
should be reduced to lower exposure to PMa.s and NOx,
which have been associated with an increased risk of
liver cancer. Food-safety systems should also be
strengthened through improved drying and storage
practices and enhanced surveillance to mitigate climate-
sensitive aflatoxin contamination in staple crops (Gan
et al., 2023a; Saad-Hussein et al., 2022; So et al., 2021;
VoPham, 2019). Clinical and public health practices
should anticipate and address disruptions to care during
heat, smoke, or flood events. This includes maintaining
hepatitis B virus (HBV) vaccination programmes,
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screening  high-risk  populations, and ensuring
continuity of antiviral therapy. Incorporating
environmental exposure histories into liver clinic
workflows is also recommended wherever feasible
(Gan et al., 2023a; Saad-Hussein et al., 2022; VoPham,
2019). Research and surveillance should be
strengthened by linking cancer registries with liver
disease cohorts and integrating high-resolution air-
quality and climate datasets. This approach requires
prioritising improved exposure assessment, including
personal and time-varying exposure metrics.
Furthermore, gene—environment and metabolic
interactions relevant to HCC associated with metabolic
dysfunction-related liver disease should be investigated.
These priorities are supported by the findings of Gan et
al., 2023a, 2023b; Saad-Hussein et al., 2022; So et al.,
2021; and VoPham, 2019.

Urological Cancers and Climate Change

Among the various urological malignancies,
bladder cancer and kidney cancer show notable
associations with climate-related environmental
exposures. Climate change may exacerbate existing
risks by contributing to the deterioration of air and water
quality. Pollutants from traffic and industrial emissions,
as well as wildfire smoke, may contribute to this
deterioration. Additionally, contaminants such as
arsenic and disinfection by-products in drinking water
can adversely affect water quality and pose risks to
human health. These environmental factors may
compound established behavioural risk factors,
particularly tobacco smoking (see Caballero et al.,
2022; Dobruch & Oszczudtowski, 2021; Sakhvidi et al.,
2020).

Bladder cancer is a major global health concern,
and smoking is its primary modifiable risk factor.
Ambient air pollution, which has been classified as
carcinogenic to humans by the International Agency for
Research on Cancer (IARC), may contribute to bladder
carcinogenesis through exposure to polycyclic aromatic
hydrocarbons and other combustion-related pollutant
mixtures. Climate-related stressors that intensify
droughts and floods may also compromise water
systems, potentially increasing exposure to arsenic and
disinfection by-products. Several population-based
studies have reported positive associations between
long-term exposure to hydrocarbons and PMa.s,
including certain metal components, and the incidence
of bladder cancer. These findings are consistent with
proposed biological mechanisms (see Caballero et al.,
2022; Chen et al., 2022; Dobruch & Oszczudlowski,
2021; Sakhvidi et al., 2020; Zhang et al., 2022).

Renal cell carcinoma is the most common type of
kidney cancer. The predominant histological subtype is
clear cell renal cell carcinoma, although other subtypes
also occur. Suspected environmental contributors
include trichloroethylene, arsenic-contaminated water,
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and certain pesticides, with additional evidence
suggesting possible associations with traffic- and
occupation-related pollutants, including petrol vapours,
diesel exhaust, PAHs, and nitrogen oxides (NOy).
Experimental research indicates that ultrafine particles
and diesel exhaust particles may reach the kidneys and
induce biological processes relevant to carcinogenesis.
These findings provide mechanistic support for
epidemiological associations observed in several
cohorts (Hvidtfeldt et al., 2022; Raaschou-Nielsen et al.,
2017).

The implications for prevention and policy include
reducing combustion emissions from traffic, industry,
and solid-fuel use, as well as strengthening drinking-
water systems. Monitoring and mitigating arsenic
contamination and disinfection by-products are
particularly important in regions affected by droughts
and floods (see Caballero et al., 2022; Dobruch &
Oszczudtowski, 2021; Sakhvidi et al., 2020). In clinical
practice, brief environmental exposure histories should
be incorporated into counselling for patients at risk or
undergoing follow-up, including questions about
occupational exposure to solvents such as
trichloroethylene, long-term exposure to traffic and
industrial pollution, and the use of private well water
(Hvidtfeldt et al., 2022). Equity and preparedness
should also be prioritised. During smoke and smog
episodes, appropriate measures include issuing public
alerts, establishing clean-air spaces, and promoting
evidence-based respiratory protection. Maintaining
continuity of diagnostic services and treatment during
climate-related extreme events is equally important (see
Caballero et al., 2022; Dobruch & Oszczudlowski,
2021; Sakhvidi et al., 2020). Research priorities include
clarifying the dose-response relationship between
PM..s exposure, its elemental composition, and bladder
cancer; improving exposure assessment for nitrogen
oxides (NOy) and ultrafine particles in kidney cancer
research; and evaluating climate-related extreme
events, such as wildfire smoke episodes and water
crises, as potential short-term peaks superimposed on
chronic exposures (Chen et al., 2022; Hvidtfeldt et al.,
2022; Raaschou-Nielsen et al., 2017; Zhang et al.,
2022).

Cervical Cancer and Climate Change

Cervical cancer is one of the most common
malignancies affecting women worldwide. As
discussed by Scheurer et al. (2014), persistent infection
with high-risk human papillomavirus (HPV) is the
principal cause of cervical cancer. However, climate-
sensitive exposures may influence disease risk and
outcomes by affecting immune function, oxidative
stress, endocrine signalling, and the continuity of
healthcare services. In particular, combustion-related
air pollution originating from traffic, industrial
activities, diesel particulate matter (DPM), and
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polycyclic aromatic hydrocarbons (PAHSs) represents a
growing concern in rapidly urbanizing regions and
during wildfire or dust episodes (Scheurer et al., 2014).
Numerous epidemiological studies have reported
findings suggesting an association between ambient air
pollutants and cervical cancer. Research has indicated
that elevated levels of NOx and NO-, together with the
presence of benzene, PAHs, and DPM in residential
environments, may be associated with an increased risk
of cervical cancer. This association has also been
investigated in studies examining exposure to diesel
exhaust and the subsequent development of cervical
cancer in cohorts of women (Scheurer et al., 2014). A
recent cross-national analysis suggests that the
economic context may modify these associations. The
study found stronger associations between population-
level air pollution and cervical and breast cancer
incidence in countries with lower gross domestic
product (GDP). This finding suggests that these
countries may be more vulnerable when resources for
screening and treatment are limited (Hu et al., 2023).

Beyond potential direct carcinogenic effects and
immune modulation, climate-related extreme events,
including periods of intense wildfire smoke, heatwaves,
and floods, may disrupt HPV vaccination, screening
through Pap tests or HPV testing, diagnostic follow-up,
and timely treatment. Such disruptions may contribute
to later-stage diagnosis and poorer outcomes,
particularly in settings where healthcare resources are
already limited (Hu et al., 2023; Scheurer et al., 2014).

The implications for prevention and healthcare
delivery include several priorities. Primary prevention
should involve reducing exposure to NOx and
particulate matter through reductions in traffic and
industrial emissions and solid-fuel combustion. Public
guidance should also be issued during smoke and smog
events to help protect exposed populations (Hu et al.,
2023; Scheurer et al., 2014). Maintaining continuity of
screening and vaccination is particularly important in
this context. During climate-related emergencies, HPV
vaccination, screening, and treatment services should be
maintained through mobile outreach strategies, flexible
scheduling, backup power supplies, and air filtration
systems in clinics (Hu et al., 2023). Equity should also
be prioritized by focusing on communities with high
pollution exposure and limited resources, where
environmental burdens may coincide with disruptions
to healthcare services. Brief environmental exposure
histories should also be incorporated into patient
counselling where appropriate (Hu et al., 2023;
Scheurer et al., 2014). Research and surveillance should
be strengthened to clarify exposure—response
relationships and investigate how socioeconomic
context influences outcomes. This requires linking
cancer registries with high-resolution air-quality
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datasets and records of extreme weather events
(Arnaoutoglou et al., 2023; Hu et al., 2023).

Ovarian Cancer and Climate Change

Ovarian cancer is one of the most lethal
gynaecological malignancies. Non-modifiable risk
factors, including age, BRCA1/2 mutations, and family
history, as well as reproductive factors, such as parity,
oral contraceptive use, and breastfeeding, remain
central to understanding ovarian cancer risk.
Meanwhile, climate-sensitive exposures, particularly
combustion-derived air pollution, including PM:.s,
NOs., and polycyclic aromatic hydrocarbons (PAHs), as
well as smoke events, may influence disease risk and
outcomes through mechanisms involving oxidative
stress, endocrine disruption, and immune modulation
(Arnaoutoglou et al., 2023).

A growing body of population-based research has
reported positive associations between long-term
exposure to PMas and NO: and ovarian cancer
incidence or mortality. However, the magnitude of these
associations varies, and some estimates include the null
value, potentially reflecting exposure misclassification
and differences in confounding control across cohorts
(Arnaoutoglou et al., 2023; Dehghani et al., 2022; Yu et
al., 2021). Pollutant mixtures containing PAHs,
benzene, and metals originating from traffic, industrial
activities, and wildfires may also be biologically
relevant, given established links between these
pollutants and inflammation, DNA damage, and altered
steroidogenesis in ovarian tissue (Arnaoutoglou et al.,
2023; Dehghani et al., 2022; Yu et al., 2021).

The consequences of disruptions to healthcare
delivery and the resulting vulnerabilities are significant.
Climate-related extreme events, including heatwaves,
wildfire smoke episodes, and floods, may adversely
affect gynaecological oncology care pathways,
including diagnostic imaging, the scheduling of
cytoreductive surgery, chemotherapy administration,
and follow-up (see Badwelan et al., 2023; Yu et al.,
2021). The effects of such events may be
disproportionately experienced in resource-constrained
settings and among patients with limited access to
specialist care.

The implications for prevention, clinical practice,
and research include several priorities. Primary
prevention should focus on accelerating reductions in
traffic, industrial, and solid-fuel emissions to lower
concentrations of PMz.s and NO.. Public guidance
should also be disseminated during periods of smoke
and smog to help protect high-risk groups
(Arnaoutoglou et al., 2023; Badwelan et al., 2023;
Dehghani et al., 2022; Yu et al., 2021). Maintaining
continuity of clinical care is particularly important in
this context. During extreme events, contingency plans
should be developed to incorporate flexible scheduling,
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backup power supplies, air filtration, and remote pre-
assessment. These measures are important for
maintaining diagnostic procedures, surgical services,
and chemotherapy during emergencies (Badwelan et al.,
2023; Yu et al., 2021). Risk counselling and equity
should also be prioritized. In the absence of conclusive
evidence, cumulative exposure to air pollution may be
considered a potential risk modifier in highly exposed
neighbourhoods. Furthermore, support should be
prioritized for patients facing geographical or
socioeconomic barriers to timely gynaecological
oncology care (Arnaoutoglou et al., 2023; Badwelan et
al., 2023; Dehghani et al., 2022; Yu et al., 2021).
Research and surveillance should be strengthened by
integrating ovarian cancer registries with high-
resolution air-quality and extreme-event datasets. This
integration would facilitate improved assessment of
personal and time-varying exposures and support the
evaluation of pollutant-mixture effects and gene—
environment interactions (Arnaoutoglou et al., 2023;
Badwelan et al., 2023; Dehghani et al., 2022; Yu et al.,
2021).

Oral Cancer and Climate Change

Oral cavity squamous cell carcinoma (OCSCC)
remains a major global health burden. Established risk
factors include tobacco use, alcohol consumption, and
betel quid or areca nut use, with human papillomavirus
(HPV) contributing to the development of cancers at
selected subsites. In addition to these established risks,
climate-sensitive exposures, particularly combustion-
derived air pollution, including PMz.s, NO2, and
polycyclic aromatic hydrocarbons (PAHs), wildfire
smoke, dust storms, and ultraviolet (UV) radiation in
relation to lip cancer, may influence disease incidence
and outcomes through mechanisms involving oxidative
stress, immune modulation, endocrine disruption, and
disruptions to healthcare delivery (Khanna, 2010; Patil,
2023; Yin et al., 2020).

Population-based studies increasingly report
positive associations between long-term exposure to
PM:.s and NO: and the incidence or mortality of oral
and oropharyngeal cancers, although the magnitude of
these associations varies across cohorts and exposure-
assessment models (Khanna, 2010; Patil, 2023).
Associations have also been reported in settings where
pollutant mixtures contain elevated levels of PAHs,
benzene, and metals from traffic, industrial activities, or
biomass burning. The composition and concentration of
these pollutant mixtures may be affected by warming
and changes in wildfire frequency and intensity
(Khanna, 2010; Patil, 2023; Yin et al., 2020). For lip
cancer, chronic UV exposure remains an important
environmental hazard, particularly among outdoor
workers and populations living in regions with high
levels of solar radiation (Sadeghi et al., 2023). Limited
evidence also suggests that household solid-fuel smoke
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and episodic wildfire smoke may increase short-term
symptom burden and potentially contribute to disease
progression through mucosal inflammation, although
causal relationships remain uncertain (Khanna, 2010;
Patil, 2023; Yin et al., 2020).

Climate-related  extreme events, including
heatwaves, smoke episodes, and floods, may interrupt
screening, biopsy procedures, imaging, surgery,
radiotherapy, and rehabilitation, potentially prolonging
the time to diagnosis and treatment. Such disruptions
may exacerbate existing disparities, particularly in
communities where access to dental services and
specialist head-and-neck oncology care is already
limited (Nagel et al., 2018; Sadeghi et al., 2023; Yin et
al., 2020).

The implications for prevention, clinical practice,
equity, and surveillance include several priorities.
Primary prevention should focus on reducing emissions
from traffic, industrial activities, and solid-fuel
combustion to lower exposure to PMz.5, NO2, and PAHs.
Occupational UV  protection should also be
strengthened through measures such as providing shade
structures and appropriate lip and skin protection for
outdoor workers (Khanna, 2010; Patil, 2023; Sadeghi et
al., 2023; Yin et al., 2020). Maintaining continuity of
clinical care during climate-related emergencies is
equally important. Diagnostic and treatment services
should be maintained through flexible scheduling,
remote pre-assessment, backup power supplies, air
filtration in clinics, and prioritized care pathways for
urgent head-and-neck cases (Nagel et al., 2018; Sadeghi
et al., 2023; Yin et al., 2020). Risk counselling should
address cumulative exposure to air pollution and UV
radiation as potential risk modifiers, particularly among
residents of highly exposed neighbourhoods and people
working outdoors, while acknowledging that stronger
causal evidence is needed (Khanna, 2010; Patil, 2023;
Sadeghi et al., 2023; Yin et al.,, 2020). Equity and
surveillance should also be prioritized by linking cancer
registries with high-resolution air-quality, UV, and
extreme-event datasets to identify areas of elevated
exposure and vulnerability. Brief environmental
exposure histories should also be incorporated into
routine oral oncology assessments (Nagel et al., 2018;
Sadeghi et al., 2023; Yin et al., 2020). Research
priorities include improving the assessment of personal
and time-varying exposures, evaluating the combined
effects of pollutant mixtures involving PAHs, metals,
and ozone, and investigating the acute effects of
wildfire smoke superimposed on chronic exposure and
their potential influence on disease progression
(Khanna, 2010; Nagel et al., 2018; Patil, 2023; Sadeghi
et al., 2023; Yin et al., 2020).

Gastric Cancer and Climate Change

Gastric cancer remains a leading cause of cancer-
related mortality worldwide. Established risk factors
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include Helicobacter pylori (H. pylori) infection, diets
high in salted or preserved foods, smoking, certain
genetic factors, and socioeconomic circumstances. In
addition to these established determinants, climate-
sensitive exposures, particularly combustion-derived
air pollution, including PM:.s and NO:, and water-
quality stressors, such as nitrates and nitrites that may
contribute to endogenous nitrosation, could influence
disease risk and outcomes through oxidative stress,
chronic inflammation, disruption of the gut
microbiome, and interruptions to healthcare delivery
(Dehghani et al., 2021; He et al.,, 2022; Lehrer &
Rosenzweig, 2014).

Population-based studies increasingly report
positive associations between long-term exposure to
PM.s and NO: and gastric cancer incidence or
mortality, although the magnitude of these associations
varies across studies, partly because of differences in
exposure assessment and the control of confounding
factors (Dehghani et al., 2021; Lehrer & Rosenzweig,
2014). Climate change may intensify runoff and
flooding, potentially increasing nitrate levels in surface
water and groundwater. Higher nitrate intake has been
associated with the formation of endogenous N-nitroso
compounds and an increased risk of gastric cancer in
several settings (He et al., 2022; Maleki et al., 2023).
These epidemiological findings are consistent with
proposed mechanisms involving inflammatory and
nitrosative pathways, interactions with H. pylori—
associated gastritis, and exposure to pollutant mixtures
containing polycyclic aromatic hydrocarbons (PAHs),
benzene, and metals from traffic and industrial sources
(Dehghani et al., 2021; He et al.,, 2022; Lehrer &
Rosenzweig, 2014; Maleki et al., 2023).

Climate-related extreme events, including
heatwaves, wildfire smoke episodes, and floods, may
interrupt H. pylori testing and eradication, delay
endoscopy and pathological assessment, and disrupt
perioperative care and chemotherapy services,
particularly in resource-constrained regions. Such
disruptions may contribute to later-stage diagnosis and
poorer outcomes, especially in populations where
access to healthcare is already limited (He et al., 2022;
Maleki et al., 2023; Nagvi et al., 2023).

The implications for prevention, clinical practice,
risk counselling, and health equity include several
priorities. Primary prevention should include reducing
emissions from traffic, industrial activities, and solid-
fuel combustion to lower exposure to PMa.s and NO,
alongside strengthening water-quality management
through the monitoring and mitigation of nitrate and
nitrite contamination as climate-related hydrological
extremes intensify (Dehghani et al., 2021; He et al.,
2022; Lehrer & Rosenzweig, 2014; Maleki et al., 2023).
Continuity of clinical care should be maintained during
smoke, heat, and flood events by developing
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contingency plans for H. pylori testing and treatment,
endoscopic screening and diagnostic services, and
adjuvant therapy. Measures may include flexible
scheduling, backup power supplies, air filtration, and
mobile outreach services (He et al., 2022; Maleki et al.,
2023; Naqvi et al., 2023). Risk counselling should
acknowledge cumulative exposure to air pollution and
nitrates as potential risk modifiers, particularly among
residents of highly exposed neighbourhoods and
populations in agricultural regions, while recognizing
that stronger causal evidence is needed (Dehghani et al.,
2021; He et al., 2022; Lehrer & Rosenzweig, 2014;
Maleki et al., 2023). Research and surveillance should
prioritise linking gastric cancer registries with high-
resolution air-quality, hydrological, and extreme-event
datasets, improving the assessment of personal and
time-varying exposures, and evaluating the combined
effects of pollutant mixtures and potential interactions
between H. pylori infection and pollution exposure
(Dehghani et al., 2021; He et al., 2022; Lehrer &
Rosenzweig, 2014; Maleki et al., 2023; Naqvi et al.,
2023).

Thyroid Cancer and Climate Change

Thyroid cancer, predominantly papillary thyroid
carcinoma, has shown increasing incidence in many
regions. Established determinants include exposure to
ionising radiation, particularly during childhood,
female sex, and genetic susceptibility. Although
overdiagnosis accounts for part of the increase in
reported incidence, it does not fully explain recent
trends. In addition to these established factors, climate-
sensitive exposures may influence disease risk and
outcomes through endocrine disruption, oxidative
stress, immune modulation, and disruptions to
healthcare delivery (Parker, 2021; Puri et al., 2017).

Population-based studies increasingly report
positive associations between long-term exposure to
PM:.s and NO: and thyroid cancer incidence or
mortality, although the magnitude of these associations
varies across cohorts and exposure-assessment models
(Parker, 2021; Puri et al., 2017; Wright et al., 2019).
Hydrological = changes that increase  nitrate
concentrations in drinking water are of potential
concern because nitrate can compete with iodide for
transport by the sodium—iodide symporter. This may
affect thyroid hormone synthesis and potentially
increase thyroid-stimulating hormone (TSH) levels,
thereby stimulating proliferative signalling in the
thyroid. Several ecological and cohort studies have
reported associations between higher nitrate intake and
increased thyroid cancer risk (Hill et al., 2023; Wright
et al., 2019). Broader reviews of endocrine-disrupting
chemicals (EDCs), some of which may be redistributed
or mobilized by warming and extreme weather events,
also highlight potential disruptions to thyroid hormone
pathways relevant to tumorigenesis. However, the
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causal relationships between these exposures and
thyroid cancer remain uncertain (Hill et al., 2023;
Parker, 2021; Wright et al., 2019).

Climate-related events, including smoke episodes,
dust storms, heatwaves, and floods, may disrupt the
evaluation of thyroid nodules, access to ultrasound and
fine-needle aspiration (FNA), surgical scheduling,
radioiodine supply chains, and follow-up care. These
disruptions may delay definitive treatment, particularly
in resource-constrained settings where healthcare
services and supply chains are already vulnerable
(Parker, 2021; Schwerdtle et al., 2018).

The implications for prevention, clinical practice,
risk counselling, and health equity include several
priorities. Primary prevention should include reducing
emissions from traffic, industrial activities, and solid-
fuel combustion to lower exposure to PM..s and NOs,
alongside strengthening water-quality monitoring and
implementing measures to  mitigate nitrate
contamination in vulnerable watersheds (Hill et al.,
2023; Parker, 2021; Puri et al., 2017; Wright et al,,
2019). Continuity of clinical care should be maintained
during climate-related emergencies by protecting access
to ultrasound, FNA, pathology services, surgery, and
radioiodine through flexible scheduling, backup power
supplies, air filtration, and resilient supply chains
(Parker, 2021; Schwerdtle et al., 2018). Risk
counselling should consider cumulative exposure to air
pollution and nitrates as potential risk modifiers,
particularly among residents of highly exposed
neighbourhoods and populations in agricultural regions,
while acknowledging that stronger causal evidence is
needed (Hill et al., 2023; Parker, 2021; Puri et al., 2017,
Wright et al., 2019). Research and surveillance should
prioritize linking thyroid cancer registries with high-
resolution air-quality, hydrological, and extreme-event
datasets, improving the assessment of personal and
time-varying exposures, and evaluating the combined
effects of exposure mixtures and potential interactions
with iodine status (Hill et al., 2023; Parker, 2021;
Schwerdtle et al., 2018; Wright et al., 2019).

Skin Cancer and Climate Change

Skin cancers, including keratinocyte carcinomas
(basal cell carcinoma and squamous cell carcinoma) and
melanoma, are among the malignancies most directly
influenced by climate-sensitive  environmental
exposures because of their established relationship with
ultraviolet (UV) radiation. Climate change may modify
ambient UV exposure through meteorological
conditions and stratospheric ozone dynamics, alter
behavioural patterns by increasing outdoor activity
during warmer seasons, and affect co-exposures such as
air pollutants and wildfire smoke. These factors may
influence cutaneous inflammation, oxidative stress, and
immune function (PRESS RELEASE N° 221 TARC:
Outdoor Air Pollution a Leading Environmental Cause
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of Cancer Deaths, 2013; Silva, 2025; Turner et al.,
2020).

Decades of epidemiological research have
demonstrated strong associations between intermittent,
high-intensity UV exposure and melanoma, and
between cumulative UV exposure and squamous cell
carcinoma. Basal cell carcinoma has been associated
with patterns of both intermittent and cumulative
exposure (PRESS RELEASE N° 221 IARC: Outdoor
Air Pollution a Leading Environmental Cause of Cancer
Deaths, 2013; Silva, 2025). Projected warming and
changes in cloud cover in some regions, together with
shifts in holiday-related and occupational outdoor
activities, may increase cumulative lifetime UV
exposure and the frequency of sunburn, particularly
during childhood and adolescence (PRESS RELEASE
N°¢ 221 TARC: Outdoor Air Pollution a Leading
Environmental Cause of Cancer Deaths, 2013; Silva,
2025; Turner et al., 2020). Air-pollution mixtures
containing polycyclic aromatic hydrocarbons (PAHs),
nitrogen oxides, and particulate matter may create
photosensitising and pro-oxidant conditions in the skin,
potentially enhancing UV-mediated damage and
affecting  photoaging pathways implicated in
carcinogenesis. Wildfire smoke introduces complex
mixtures of organic aerosols that may contribute to
similar biological processes (Mufson, n.d.; Turner et al.,
2020). Although stratospheric ozone is recovering
globally, regional and seasonal variability persists, and
interactions between climate and ozone dynamics may
alter surface UV levels in specific locations. These
variations highlight the need for local monitoring rather
than assumptions based on global trends (PRESS
RELEASE N° 221 TARC: Outdoor Air Pollution a
Leading Environmental Cause of Cancer Deaths, 2013;
Silva, 2025; Turner et al., 2020).

Climate-related  extreme events, including
heatwaves, smoke episodes, and floods, may disrupt
dermatology services, access to biopsies, and the
scheduling of surgery and radiotherapy, potentially
delaying diagnosis and treatment. These disruptions
may disproportionately affect regions with limited
dermatological capacity and people working in outdoor
occupations (Mufson, n.d.; US EPA, n.d.).

The implications for prevention, clinical practice,
occupational protection, and research include several
priorities. Primary prevention should strengthen UV-
protection measures, including the provision of shade in
schools and workplaces, sun-safe scheduling of outdoor
activities, protective clothing, and guidance on the use
of broad-spectrum sunscreen. Public UV Index alerts
should also be maintained and adapted to local
conditions (PRESS RELEASE N° 221 IARC: Outdoor
Air Pollution a Leading Environmental Cause of Cancer
Deaths, 2013; Silva, 2025; Turner et al., 2020).
Reducing emissions from combustion sources may
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lower exposure to PAHs and particulate matter that
could contribute to UV-related skin damage, while clear
public guidance should be provided during wildfire-
smoke and air-pollution episodes (Mufson, n.d.; Turner
et al,, 2020). Continuity of clinical care should be
supported through contingency plans for biopsies,
excisions, and radiotherapy during heatwaves and
smoke events, including flexible scheduling, backup
power supplies, air filtration, and remote triage of
suspicious lesions (Mufson, n.d.; US EPA, n.d.).
Particular attention should be given to outdoor workers
and communities experiencing high levels of UV
radiation or air pollution to ensure equitable access to
preventive measures and diagnostic services (Mufson,
n.d.; PRESS RELEASE N° 221 TARC: Outdoor Air
Pollution a Leading Environmental Cause of Cancer
Deaths, 2013; Silva, 2025; Turner et al., 2020; US EPA,
n.d.). Research and surveillance should prioritize
linking cancer registries with high-resolution UV, air-
quality, and extreme-event datasets, improving the
assessment of personal and time-varying exposures, and
investigating the combined effects of UV radiation and
air pollution (Mufson, n.d.; Turner et al., 2020; US
EPA, n.d.). Although this review highlights growing
evidence of links between climate-related factors and
cancer, several methodological limitations in the
existing literature warrant attention. Many studies rely
on ecological designs that may be affected by exposure
misclassification, inadequate control of confounding
factors, and inconsistencies in outcome ascertainment.
Differences in study design and pollutant measurement
also limit the interpretation of meta-analyses. Future
research should adopt harmonized exposure metrics,
longitudinal ~ study  designs, and integrated
environmental and health surveillance systems to
strengthen causal inference.

Conclusion

Climate change is reshaping when, where, and how
people are exposed to carcinogenic and co-carcinogenic
agents. The most consistent patterns involve
combustion-related air pollution across multiple cancer
sites, ultraviolet radiation in relation to skin cancers,
and climate-related disruptions to screening and
treatment that may worsen outcomes. Although effect
estimates vary according to population characteristics,
exposure-assessment methods, and the control of
confounding factors, converging epidemiological
findings and established biological mechanisms,
including oxidative stress, inflammation, immune and
endocrine disruption, and changes in the microbiome,
support the integration of climate and environmental
considerations into cancer control strategies. This
requires parallel efforts to reduce harmful exposures,
strengthen the resilience of healthcare delivery, and
address health inequities, as climate hazards and gaps in
healthcare provision often affect the same communities.
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Climate change should therefore be understood not as
an isolated determinant of cancer risk, but as a risk
multiplier that may exacerbate existing disparities in
exposure, prevention, and treatment. Integrating climate
resilience into cancer control policies is consequently
essential to reducing future inequities in the global
cancer burden.

Recommendations

Policy and population health measures should
prioritize reducing emissions from traffic, industrial
activities, and solid-fuel combustion to decrease
exposure to particulate matter and nitrogen oxides.
Drinking-water safety should be protected during
droughts and floods, with particular attention to arsenic
and nitrate/nitrite contamination, while food-safety
systems should be strengthened to limit contamination
by harmful substances. UV-protective environments
should also be promoted through the provision of shade,
appropriate work—rest schedules, protective clothing,
and locally calibrated UV  alerts. These
recommendations are consistent with the World Health
Organization’s Climate Change and Health Action Plan
(2023) and align with United Nations Sustainable
Development Goal 13 on Climate Action. Integrating
these frameworks into cancer prevention and control
can help align public health strategies with wider
commitments to climate adaptation and health-system
resilience.

Health-system preparedness and clinical practice
should focus on maintaining continuity of imaging,
endoscopy, radiotherapy, infusion services, surgery, and
pathology during smoke episodes, heatwaves, and
floods. Measures should include flexible scheduling,
backup power supplies, air filtration, and clear
contingency protocols. Brief environmental exposure
histories should also be incorporated into oncology and
high-risk clinical assessments to inform risk counselling
and follow-up. Prevention programmes should be
maintained during climate-related emergencies,
including human papillomavirus (HPV) vaccination
and screen-and-treat programmes, Helicobacter pylori
(H. pylori) testing and treatment, and hepatitis B virus
(HBV) vaccination and continuity of antiviral therapy.
Adaptive interventions may include installing backup
power and air-filtration systems in radiotherapy and
infusion centres, safeguarding oncology medicine
supply chains, and developing climate-resilient
hospitals capable of maintaining essential diagnostic
and treatment services during heatwaves, floods, and
wildfire events.

Equity-focused interventions should prioritize
highly exposed, resource-constrained communities by
providing timely alerts, clean-air shelters, mobile
outreach  services, and transport assistance.
Implementation of climate and health interventions
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should also include monitoring and reporting equity
indicators related to access to care, timeliness of
diagnosis and treatment, and health outcomes to
identify and address disparities.

Research, data collection, and surveillance should
prioritize linking cancer registries with high-resolution
environmental datasets covering air quality, UV
radiation, hydrological conditions, and extreme weather
events to characterize spatial patterns of risk and dose—
response relationships, including at relatively low
exposure levels. Exposure science should be advanced
through personal and time-varying exposure
measurements, mixture analyses, and investigations of
gene—environment  interactions and life-course
windows of susceptibility. Real-world interventions,
including clinical air filtration, smoke and UV alerts,
and water remediation, should be evaluated using
implementation-science frameworks, with findings
systematically informing policy development and
clinical practice.
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