
Sleep apnoea and cancer:
the new challenge
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Epidemiological studies suggest that excess mortality in OSA patients is partly related to a higher
risk of cancer http://ow.ly/vBNY5

Obstructive sleep apnoea (OSA) is a well-known public health problem owing to its high prevalence and the

numerous consequences of the disorder, including excessive daytime somnolence, cognitive impairment

and consequently traffic accidents [1]. There is an excess in cardiovascular mortality that has been

repeatedly reported in longitudinal cohorts, in both general and clinical populations. Despite many

confounding factors, including age, sex and obesity, evidence has accumulated over the past 25 years

regarding strong associations between OSA, cardiovascular diseases i.e. hypertension [2], coronary artery

disease, cerebrovascular disease, heart rate and conduction disorders, and excess mortality. Through a

complex interaction between obesity, metabolism, sleep and sleep apnoea, metabolism seems to be altered

by OSA [3], although it remains uncertain whether treating OSA may improve blood glucose control, lipid

metabolism [4] or adipose tissue distribution [5]. More recently, it has been suspected that the excess in

mortality in OSA could not only be attributed to cardiometabolic consequences but also to cancer. Cancer

has been found to be associated with sleep disordered breathing (SDB) in two large observational studies

[6, 7]. This had been previously suspected through proof-of-concept animal studies that demonstrated an

association between intermittent hypoxia, a major consequence of SDB, carcinogenesis and acceleration of

tumour growth [8]. Intermittent hypoxia is a particular condition with relatively specific cellular effects [9],

including changes in host immune responses that could favour cancer progression [10]. The relationship

between SDB and cancer has been studied in animal [8, 11, 12] and clinical studies; they suggest that SDB,

mainly through intermittent hypoxia, is likely to be associated with an increase in growth rate [8], incidence

[6] and mortality [7] of cancer. In addition, sleep fragmentation, another hallmark of sleep apnoea, has also

been demonstrated to promote tumour progression in animal models through recruitment of tumour-

associated macrophages and Toll-like receptor 4 signalling pathways [13].

In this issue of the European Respiratory Journal (ERJ), MARTÍNEZ-GARCÍA et al. [14] analysed the

relationship between the severity of SDB and the aggressiveness factors of cutaneous malignant melanoma

(CMM). They performed a multicentre observational study in 82 consecutive patients diagnosed with

CMM, of whom 56 patients were finally included in the study. Measurements of melanoma aggressiveness

included: tumour mitotic rate, Breslow Index, presence of ulceration, stage of disease and growth rate of

melanoma. The severity of SDB, i.e. apnoea/hypopnoea index (AHI) and desaturation indexes, was

correlated with melanoma aggressiveness markers. There are several limitations in this study. Age is a major

confounder since, as mentioned by the authors, it will both favour melanoma evolution due to persistent

exposure to aetiological factors and the occurrence of SDB. The sample size is relatively small. The

prevalence of sleep apnoea is surprisingly high in this middle-aged population (.30% with an AHI

.30 events?h-1). Some confounders were not accounted for in this relatively small population. For example,

tobacco and alcohol consumption are common risk factors for both sleep apnoea and melanoma and might
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have, in part, supported the correlation between SDB and melanoma. The data on CMM growth rate, which

depended on patients recall, were somewhat subjective and the diagnosis of CMM was retrospective.

Nevertheless, it demonstrates that SDB severity is likely to be associated with aggressiveness of CMM. This

will need to be further confirmed in larger clinical cohorts.

Metastatic cutaneous melanoma accounts for the majority of skin cancer deaths due to its aggressiveness

and high resistance to current therapies [15]. UV exposure and melanoma are causally related [16]. Recent

data showed a direct mutagenic role for UV light in melanoma pathogenesis [17]. There is a persistent rise

in global incidence with 160 000 new cases per year and 48 000 deaths. The main reason for this could be

increased exposure of pale white skin to natural UV radiation [16]. The latent period from initiation of

melanoma carcinogenesis to clinical presentation can be decades, which probably explains why the

incidence rates are still increasing in most countries. Melanoma cells can use different migratory strategies,

depending on environment, to exit the primary tumour mass and invade surrounding and later distant

tissues [15]. One of the major mechanisms is neoangiogenesis. Melanoma cells have been reported to secrete

a number of angiogenic growth factors such as vascular endothelial growth factor (VEGF), placenta growth

factor, basic fibroblast growth factor, transforming growth factor (TGF)-a and TGF-b, interleukin-8 and

platelet-derived growth factor-B [15]. Several studies have shown a positive correlation between melanoma

neovascularisation and poor patient prognosis, overall survival, ulceration and higher rate of relapse [18].

The link between OSA and intermittent hypoxia with cancer development has been very recently discovered.

Few experimental studies have been published so far, but all have confirmed that intermittent hypoxia plays

a pivotal role in the cancer promoting effect of OSA, although there is scant information on the

pathophysiological mechanisms involved. Interestingly, most experimental data have been obtained using

melanoma tumour models [8, 11, 12], adding additional strength to the clinical study published in this issue

of the ERJ.

What are the mechanisms linking sleep apnoea and cancer development?
Cancerous tumours are characterised by proliferation of a cellular clone with unlimited proliferation

capacity, associated with abnormal angiogenesis within the tumour environment. Interactions between the

tumour and its microenvironment (endothelial cells and stromal cells, such as fibroblasts or macrophages)

modulate tumour cell survival and proliferation. This triggers the development of a new vascular bed

oriented towards the hypoxic tumour core. It also enhances metastatic tumour potential and resistance to

anti-cancer drug treatment [19]. This is particularly due to physiology of the tumour microenvironment.

Indeed, while tissue oxygen tension (PO2) actually ranges between 10 and 80 mmHg in different tissues,

tumour PO2 varies between 2 and 10 mmHg [20]. When adapting to this hypoxic microenvironment,

cancer cells have to develop adaptive strategies mediated by the transcription factor hypoxia-inducible

factor-1 (HIF-1). HIF-1 mediates adaptive (physiological) responses to hypoxia, such as erythropoiesis,

angiogenesis and glycolysis, as well as maladaptive (pathological) responses in various disease states, such as

cancer and OSA [21]. Major HIF-1 target genes are involved in angiogenesis, tumour development and

metastasis [22]. Regarding angiogenesis, it is noticeable that blood vessel formation in the tumour

microenvironment is progressive and irregular, resulting in spontaneous fluctuations in blood flow leading

to temporary local intermittent hypoxia. In addition, it has been shown that these phases of hypoxia and

reoxygenation contribute significantly to tumour growth, angiogenesis, chemoresistance and radioresistance

[23, 24]. In accordance with these in vitro observations, it has recently been confirmed that whole-body

intermittent hypoxia, as seen in OSA, enhances cancer progression by promoting tumour growth,

angiogenesis and metastasis [8, 12, 24].

We, and others, have shown that rodents exposed to intermittent hypoxia express a sustained activation of

HIF-1 that persists when the animals return to normoxic conditions [25, 26]. This is in accordance with in

vitro observations showing that intermittent hypoxia was a much more potent stimulus than sustained

hypoxia for HIF-1 activation [27]. Also, HIF-1 activity rapidly decreases upon cessation of sustained

hypoxia, whereas it remains elevated following intermittent hypoxia [28]. The mechanism behind the

sustained activation of HIF-1, induced by intermittent hypoxia or OSA, appears to be the oxidative stress

produced by the repetitive oxygenation–desaturation sequences. Indeed, OSA has been considered as an

oxidative stress disorder [29]. It has further been confirmed that chronic intermittent hypoxia leads to

important oxidative stress in various tissues [30–34]. The role of reactive oxygen species (ROS) in regulating

HIF-1 activity is at least as important as hypoxia per se. Hence, intermittent hypoxia triggers NADPH

oxidase-dependent ROS production, which activates phospholipase C leading to calcium-calmodulin kinase

(CamK) and protein kinase C (PKC) activation. PKC stimulates mTOR dependent synthesis of the a

subunit of HIF-1 and inhibits prolyl-hydroxylase-2 dependent HIF-1a degradation. CamK also promotes

the interaction between HIF-1a and its co-activator p300, thereby leading to transcriptional activation. In

contrast to continuous hypoxia, in which HIF-1a is rapidly degraded (half-life ,5 min) on reoxygenation,
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HIF-1a levels remain elevated following intermittent hypoxia due to the persistent activation of mTOR

[21]. This can explain persistent HIF-1 activity observed hours after termination of intermittent hypoxia or

during the daytime in OSA, as recently reported by KACZMAREK et al. [35]. One fact that is particularly

relevant regarding the potential mechanisms behind the results of the present study [14] is that KACZMAREK

et al. [35] observed increased HIF-1a expression in skin biopies from OSA patients.

Therefore, OSA could lead to enhanced and sustained HIF-1 activity both in the tumour and its

environment, thus, promoting VEGF-related neovascularisation. This is supported by the increased plasma

and tissue VEGF levels in OSA patients [35–38], as well as in animals exposed to intermittent hypoxia [39–42].

In summary, there is mechanistic evidence that the two main stimuli associated with sleep apnoea, i.e. sleep

fragmentation and intermittent hypoxia, promote tumour growth and progression in animal models.

Epidemiological studies in humans suggest that the excess mortality in OSA patients is at least partly related

to a higher risk of cancer. The study of MARTÍNEZ-GARCÍA et al. [14] has some methodological limitations,

but raises original and important questions in the field of melanoma and OSA. There is a disproportionate

incidence of thick melanoma tumours in males aged .60 years [43], a population typically exposed to OSA

for many years. By contrast, females have a better survival compared with males. Since females mainly develop

OSA after menopause, this could be explained by less exposure to intermittent hypoxia before melanoma

occurrence. For all these arguments, OSA should be considered as a potential novel risk factor for cutaneous

melanoma. Overall, there is a need to extensively study the relationships between OSA and cancer of different

origins. As suggested by PEPPARD and NIETO [44], SDB–cancer associations will be examined in existing study

populations. In addition, investigations specifically designed to examine SDB–cancer associations, including

the relationship of SDB, or SDB treatment, with cancer progression and prognosis in patients newly diagnosed

with specific cancers are needed. A strong causal association between high SDB prevalence and carcinogenesis

would have clear implications for preventing and managing SDB [44].
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