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Obstructive sleep apnoea and melanoma
In addition to being an independent risk factor for cardiometabolic disease [1], obstructive sleep apnoea
(OSA) is now recognised as promoting cancer development. Although experimental [2, 3] and clinical [4, 5]
evidence for this association appeared only a few years ago [6, 7], rapid advances have been made in the
gap of knowledge regarding the types of cancers promoted by OSA and the oncogenic pathways involved.

A recent retrospective study on 34402 patients observed that overall cancer incidence was increased after
OSA diagnosis and identified a specific link with melanoma, kidney, uterine and breast cancers [8]. The
association between OSA and cutaneous melanoma has been confirmed by numerous preclinical and
clinical studies showing that OSA promotes its incidence [9, 10], progression [2, 11], aggressiveness
[11–13] and metastatic potential [3, 14]. In view of the poor 5-year survival rate of metastatic cutaneous
melanoma [15], there is a strong need to characterise the association between OSA and cutaneous
melanoma. This might allow identification of new prognostic factors for cutaneous melanoma progression
and metastasis and open new avenues for innovative drugs and personalised therapies by targeting OSA as
an important associated condition.

In the current issue of the European Respiratory Journal, CUBILLOS-ZAPATA et al. [16] propose soluble
programmed cell death ligand 1 (sPD-L1) as a potential biomarker of cutaneous melanoma aggressiveness
and metastasis in OSA patients. This is quite relevant in view of the major role of the programmed cell
death receptor 1 (PD-1)/PD-L1 axis in melanoma development [15, 17], aggressiveness [18] and survival
[19], but also because of its upregulation by intermittent hypoxia and by the hypoxia-inducible factor
(HIF)-1 transcription factor in cutaneous melanoma cells (figure 1) [20–22].

Indeed, among the intermediary mechanisms associated with OSA (i.e. oxidative stress, sympathetic
overactivity, inflammation and intermittent hypoxia), chronic intermittent hypoxia and HIF-1 activation
are now widely recognised as the main contributors to deleterious cardiometabolic consequences [1, 23].
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Moreover, intermittent hypoxia and the related HIF-1 activation have also been shown to promote cancer
development in vitro [11, 21, 24] and in vivo [2, 3, 10, 11, 14, 24].

The PD-1/PD-L1 immune checkpoint in melanoma aggressiveness
Advanced forms of cutaneous melanoma are known to be very aggressive and it is now well established
that immunomodulation plays a key role in the mechanisms behind resistance to conventional cancer
therapies [15]. This evidence stems from the seminal work of James P. Allison and Tasuku Honjo, for
which they were awarded the 2018 Nobel prize in Medicine and Physiology, showing that the cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4) and the PD-1 pathways function as molecular “brakes” on
the immune system [25]. Expression of surface antigens such as PD-L1 by melanoma cells and subsequent
binding to cytotoxic T-cell PD-1 in the tumour microenvironment suppresses T-cell activity, leading to
inhibition of antitumoral immune responses (figure 1) [25]. Therefore, “immune checkpoint” complexes
such as PD-1/PD-L1 represent ideal targets for the development of prognostic and therapeutic tools for
the management of cutaneous melanoma.

Advanced cutaneous melanoma is one of the first cancers where adjuvant immunotherapies targeting the
immune checkpoint have been tested [15]. Chronologically, the first adjuvant immune checkpoint blocker
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FIGURE 1 a) Immune checkpoint inhibition: binding of programmed cell death ligand 1 (PD-L1) on melanoma tumour cells to programmed cell
death receptor 1 (PD-1) on T-cells inhibits their cytotoxic activity. b) Obstructive sleep apnoea (OSA)-related intermittent hypoxia promotes
hypoxia-inducible factor (HIF)-1 activation and PD-L1 expression, resulting in increased tumour cell resistance to destruction mediated by T-cells
and immune checkpoint inhibitors (such as anti-PD-L1). c) Proposed hypothesis behind the beneficial effects of continuous positive airway
pressure treatment following OSA diagnosis: tumour cell death due to reduced PD-L1 expression with increased T-cell activity and increased
anti-PD-L1 treatment efficacy.
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used was the CTLA-4-blocking antibody ipilimumab. Then, two PD-1 inhibitors, nivolumab and
pembrolizumab, were rapidly introduced and routinely used in patients with metastatic melanoma,
including those refractive to CTLA-4 blockade [25]. In a few years, adjuvant treatment strategies, including
antibodies targeting the PD-1/PD-L1 axis in advanced melanoma, have thus significantly contributed to
improvement of global survival and healing of cutaneous melanoma patients. In 2018, nivolumab was
positioned as the new standard of care in advanced melanoma.

Regarding the value of PD-L1 as a prognostic marker of cancer evolution, recent data have shown that
increased PD-L1 expression is associated with unfavourable outcome in various cancers, but there are
conflicting reports regarding its prognostic value in others, such as colorectal cancer [26]. This discrepancy
can be attributed to technical issues but also to the origin and form of PD-L1 investigated.

For instance, expression of PD-L1 by tumour cells and by tumour-infiltrating immune cells has opposite
effects on colorectal cancer aggressiveness and metastasis [26]. Moreover, studies investigating the role of
PD-L1 on cancer development should distinguish membrane PD-L1 expressed by tumour and immune
cells from plasma sPD-L1 and other circulating PD-L1 sources [27]. Regarding melanoma, ZHOU et al. [28]
recently demonstrated that sPD-L1 could be used as a prognostic marker of metastatic potential and
response to immune checkpoint treatment. Interestingly, an even more recent study has shown the same
prognostic value of PD-L1-containing exosomes produced by melanoma cells [29]. This is of particular
importance since exosomal PD-L1, in contrast to sPD-L1, closely reflects PD-L1 expression by tumour and
metastatic cells.

Why should sPD-L1 be a particularly reliable biomarker of melanoma
aggressiveness and metastasis in the context of OSA?
In their multicentre cross-sectional observational study including 360 patients with newly diagnosed
cutaneous melanoma, CUBILLOS-ZAPATA et al. [16] compared plasma sPD-L1 levels according to the
presence and severity of OSA, and evaluated relationships with cutaneous melanoma aggressiveness and
invasiveness [16]. Patients were divided into four groups (non-OSA, mild OSA, moderate OSA and severe
OSA) according to their apnoea–hypopnoea index (AHI) assessed by overnight respiratory polygraphy.
Well-established markers were used to evaluate cutaneous melanoma aggressiveness (mitotic index,
tumour ulceration and stage) and invasiveness (Breslow index, Clark levels and sentinel lymph node
positivity). An overall analysis of the cohort showed that sPD-L1 levels were higher in severe OSA versus
mild or non-apnoeic patients and that they were positively and independently correlated with the AHI,
both in the whole cohort and in OSA patients. However, there was a huge overlap between groups and
correlations were weak, questioning the specificity of the relationship.

Selective analysis of OSA patients revealed that the highest sPD-L1 levels were found in patients with poor
prognostic profiles. More specifically, increased sPD-L1 levels were associated with melanoma
aggressiveness markers, such as high extension stage, deep tumour invasion, tumour ulceration and
sentinel lymph node involvement. None of these results were observed in non-apnoeic patients, but the
authors acknowledge that this could be due to the limited sample size of the non-OSA group.

Moreover, the value of sPD-L1 as a prognostic biomarker of aggressiveness and metastasis in OSA patients
was confirmed by the net improvement provided by its incorporation in classical prediction models, and
in particular in the positive sentinel lymph node risk prediction model, which led to a better classification
of 27.3% of the cases.

In view of these results, the study by CUBILLOS-ZAPATA et al. [16] does indeed allow proposal of sPD-L1 as a
potential biomarker of cutaneous melanoma aggressiveness and metastasis in OSA patients. This is also
reinforced by the fact that PD-L1 expression is upregulated by intermittent hypoxia, a major hallmark of
OSA, as previously demonstrated by the same group [20] and by others [22, 30]. In fact, PD-L1 has been
formally identified as a target gene of HIF-1 [22], a transcription factor known to be involved in the
deleterious cardiometabolic outcome of intermittent hypoxia/OSA [23] but also to worsen cutaneous
melanoma prognosis [21, 30].

One of the major issues is to explore why some OSA patients develop more aggressive cutaneous
melanoma than non-OSA patients. Studies have already shown that OSA is independently associated with
increased aggressiveness of cutaneous melanoma [12, 13]. Moreover, intermittent hypoxia upregulates the
PD-1/PD-L1 pathway in severe OSA patients without cancer, resulting in immunomodulation of CD8+

T-cell activity (figure 1) [20]. Such an effect of intermittent hypoxia on the PD-1/PD-L1 axis in a
melanoma ecosystem may contribute to the deleterious effect of PD-L1 on cutaneous melanoma
prognosis. Indeed, PD-L1 expression has been directly related to cutaneous melanoma aggressiveness [17–
19, 29, 31]. A major issue in the field is understanding why some patients with cutaneous melanoma are
non-responders to immune checkpoint inhibitors. Approximately 60% of patients show de novo resistance
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to immune checkpoint inhibition and 20–30% of initial responders will eventually develop acquired
resistance [32]. Deciphering the confounding role of intermittent hypoxia in this specific subgroup of
patients might be a next step.

Finally, the study of CUBILLOS-ZAPATA et al. [16] is certainly important and by far the largest prospective
multicentre study in the field, and the authors should be congratulated for this. However, as acknowledged
by the authors themselves, sleep fragmentation, a major confounding mechanistic factor, has not been
assessed in the current study. Such an evaluation is required in future studies. Moreover, sPD-L1 elevation
does not demonstrate causality; that would require interventional studies. A research agenda might be
anticipated as follows: 1) an OSA prevalence study in non-responders to immune checkpoint inhibitors;
2) randomised controlled trials comparing acute impact of several weeks of sham versus effective
continuous positive airway pressure (CPAP) on sPD-L1 would be highly informative; 3) in case of positive
results, CPAP should be tested as a combined therapy for improving the long-term control of cutaneous
melanoma (figure 1); and 4) finally, in view of its secretion by tumour and metastatic cells, assay of
exosomal PD-L1 [29] should be tested in OSA to potentiate patient stratification.

Due to the complexity and costs of such a research programme, an international consortium is highly
desirable. After crossing all these “research checkpoints”, our wish is that the true impact of OSA and
intermittent hypoxia on immunomodulation of cutaneous melanoma will be established and that the
results will be of profit to melanoma patients.
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