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ABSTRACT Some recent studies have shown an association between sleep disordered breathing (SDB)
and cancer mortality and incidence but no study has focused on a specific type of cancer. The objective of
this study was to analyse the relationship between the severity of SDB and factors related to cutaneous
malignant melanoma (CMM) aggressiveness.

We performed a multicentre observational study in 82 consecutive patients diagnosed with CMM.
56 patients in whom melanoma measurements were available were finally included in the study. Melanoma
measurements of aggressiveness included: tumour mitotic rate, Breslow index, presence of ulceration, stage
of disease and growth rate of melanoma. A sleep study was performed in all the included patients.
Multivariate analyses were used to examine the independent relationship between SDB severity (apnoea–
hypopnea index (AHI) and nocturnal oxygen desaturation indexes (ODI3% and ODI4%)) and measures of
CMM aggressiveness.

60.7% of patients had SDB (AHI o5) and 14.3% severe obstructive sleep apnoea (AHI o30). In fully
adjusted multivariate analyses, AHI (OR 1.08, 95% CI 1.02–1.14), ODI3% (OR 1.08, 95% CI 1.02–1.11) and
ODI4% (OR 1.1, 95% CI 1.02–1.2) were independently associated with an increased melanoma growth rate.
Furthermore, AHI, ODI4% and ODI3% were significantly correlated with other aggressiveness factors of
CMM, such as Breslow index, presence of ulceration and mitotic index.

SDB severity markers are associated with some aggressiveness markers of CMM.

@ERSpublications
This study adds evidence on the relationship between sleep disordered breathing and cancer
aggressiveness http://ow.ly/tMRYu

For editorial comments see page 1567.

Conflict of interest: None declared.

Copyright !ERS 2014

Received: July 08 2013 | Accepted after revision: Feb 14 2014 | First published online: March 23 2014

ORIGINAL ARTICLE
SLEEP

Eur Respir J 2014; 43: 1661–1668 | DOI: 10.1183/09031936.00115413 1661

http://ow.ly/tMRYu


Introduction
Sleep disordered breathing (SDB), and most particularly obstructive sleep apnoea (OSA), is characterised by
repeated episodes of total or partial obstruction of the upper airways that trigger intermittent oxygen
desaturation and disruption of the sleep architecture, leading to well-known consequences in the
neurocognitive and cardiovascular domains [1].

Intermittent hypoxaemia is a typical process of SDB, with proven effects at the cellular level [2, 3]. Its
presence has been associated with carcinogenesis and accelerated tumour growth [4]. However, the
relationship between SDB and cancer has barely been studied, although there is some animal [5, 6] and
clinical human evidence suggesting that an excess of SDB, particularly when related to intermittent
hypoxaemia, is associated with an increase in the growth rate [5], incidence [7] and mortality [8, 9] of
cancer. Nevertheless, none of the human studies has analysed any particular aetiology of cancer.

Cutaneous malignant melanoma (CMM) is a tumour of a melanocytic origin. Despite representing only 5%
of all cutaneous tumours, it currently accounts for up to 75% of the deaths caused by cutaneous cancer. No
effective treatment is available once this malignant tumour has spread, so the main efforts to control its
annual incidence and associated mortality rate have focused on primary and secondary prevention [10–12].
In addition to some known prognostic values of CMM, such as the presence of ulceration, the Breslow
index and the tumour mitotic rate (the number of mitotic cells per square millimetre), a simple calculation
of the growth rate of melanoma (GRM) (in millimetres per month) has been published and validated by
various authors, without any delay in tumour excision. A group of fast-growing melanomas has been
identified, in which the tumour grows o0.5 mm?month-1. This group has been significantly correlated with
several prognostic factors [13–17]. Their characterisation would be crucial to the application of more effective
preventive measures. The main objective of the present study was to determine the relationship between the
number and severity of SDB events and factors related to aggressiveness of CMM, including GRM.

Material and methods
Design
This was a multicentre, observational study performed in six centres (Hospital La Fe, Hospital de Manises
and Instituto Valenciano de Oncologı́a, Valencia; Hospital San Juan, Alicante; Hospital Clinic, Barcelona;
Hospital Valme, Seville, Spain) with wide experience in the diagnosis and treatment of both SDB and CMM.

Subjects
The study included patients aged .18 years with invasive CMM diagnosed in the 12 months prior to their
inclusion in the study, identified at the dermatology departments of each participating centre. Patients with
daytime respiratory or heart failure, and those undergoing treatment with continuous positive airway
pressure (CPAP), at-home oxygen therapy or noninvasive mechanical ventilation were excluded from the
study. Patients with in situ melanomas and melanomas in an extracutaneous location were also excluded.
All the patients gave their informed consent to participate, and all the centres’ ethical committees approved
the study protocol.

Protocol and data collection
Dermatological protocol
Information was collected by a senior dermatologist in each centre in accordance with a standardised
protocol, including age, sex, body mass index (BMI) and location of the primary CMM (head or neck,
upper extremities, trunk, lower extremities, or acral). The final diagnosis of CMM was based on a full-
thickness excisional biopsy with a small side margin and made by an experienced pathologist in each centre.
The histology report followed international guidelines and included information on the maximum
thickness in millimetres (Breslow index), information on the tumour mitotic rate (number of mitotic cells
per square millimetre) and the presence of ulceration. Finally, the stage of the disease was assessed according
to the American Joint Committee on Cancer (7th edition). Localised melanoma was classified as stage IA, IB,
IIA, IIB or IIC, locoregional disease as stage IIIA, IIIB or IIIC, or, finally, distant metastases as stage IV [18].

Method for the evaluation of the growth rate of CMM
Dermatologists calculated the GRM over time, as validated by various authors [13–17], on the basis of both
information provided by patients and their families about changes in the skin lesion and the related
histological findings. For these purposes, the date on which the patient noticed changes suggestive of
malignant transformation in a stable, pre-existing lesion (such as increase in size, pigmentation, shape,
symmetry, border, texture or diameter), or the time he/she noticed the appearance of a new and changing
lesion was defined as D1. D2 was the date of the excision of the tumour, as recorded in the pathological
report. The GRM was calculated as the Breslow index (in millimetres) divided by the difference between D2
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and D1 (in months). For the purposes of this study, the growth rate was categorised into two groups: slow–
intermediate growth rate (,0.49 mm?month-1) and fast growth rate (o0.5 mm?month-1). Dermatological
and pathological evaluations were blind with respect to the analysis of the sleep study.

Sleep unit protocol
The sleep visit involved the collection of data from the patient’s clinical history with respect to sleep
disorders (chronic snoring, witnessed apnoeas, Epworth Sleepiness Scale (ESS) score for daytime
hypersomnia and anthropometric parameters such as BMI) at the time of the sleep study, as well as any
characteristics that could act as confounding variables in the analysis of the results.

Diagnostic sleep test
All the patients underwent a diagnostic sleep test within a maximum period of 1 month after their visit to
the sleep unit. In every case, the sleep test was carried out at home with respiratory polygraphy devices that
had been appropriately validated in the literature. The following polygraphic or oximetric parameters were
obtained: recording time, apnoea–hypopnoea index (AHI), baseline saturation, mean saturation, minimum
saturation, night time with saturation below 90% (Tsat90) and oxygen desaturation index at 3% (ODI3%)
and 4% (ODI4%). All the readings were carried out manually. Apnoea was defined as an interruption of
oronasal airflow of .10 s. Hypopnoea was defined as a 30–90% reduction in the oronasal airflow for .10 s
associated with an oxygen desaturation o4% or an arousal. AHI was defined as the number of apnoeas plus
hypopneas per hour of sleep (polysomnography) or recording (respiratory polygraphy), while Tsat90 was
defined as the percentage of night time with arterial oxygen saturation ,90%. In all cases, oxygen saturation
was measured at intervals of 2 s throughout the night. For a test to be considered valid, it had to involve
both a subjective assessment by the patient of a minimum sleeping time of 5 h and a minimum recording
time of 5 h of sufficient quality, after the elimination of spells of erratic recording. If these conditions were
not met, the test was repeated. Any study in which any technical problems (particularly the disconnection of
the pulse oximeter) were detected for .10% of the total recording time was also repeated.

Statistical analysis
A statistical package (SPSS version 17; IBM, Armonk, NY, USA) was used for calculations. The quantitative
variables are presented as mean¡SD (or median (interquartile range (IQR)) in cases of non-normal
distribution), while the qualitative or dichotomous variables are presented as n (%). The normality of the
variables was confirmed by using the Kolmogorov–Smirnov test. The baseline variables of CMM with slow–
intermediate and fast growth rate were compared with the t-test or Mann–Whitney U-test, depending on
whether the distribution was normal. Logistic regression analyses were performed to determine the
independent association between respiratory parameters (AHI, ODI3% and ODI4%) and the two groups of
GRM, using age, sex and BMI as confounders. Additionally, three linear regression analyses were performed,
one for each respiratory parameter (AHI, ODI3% and ODI4%) as an independent variable using GRM as a
quantitative dependent variable.

Finally, correlation analyses (Spearman test) were used to analyse the association between the polygraphic
or oximetric parameters and the Breslow index, mitotic index, melanoma stage and growth rate of CMM as
a continuous variable.

Results
Of 82 eligible patients, 56 were ultimately included in the analysis (fig. 1). There were no statistically
significant differences in basal characteristics between the included and excluded patients (data not shown).
The baseline characteristics of the studied patients and their CMM can be seen in table 1. Mean¡SD age was
56.2¡16.2 years (60.7% males). 41 patients had a local extension of their melanoma, 14 had a locoregional

Exclusion:
  Previous CPAP treatment (n=1)
  In situ melanoma (n=2)
  GRM not measured (n=15)
  No contact (n=8)

Eligible patients
with cutaneous 

melanoma
(n=82)

Patients included
in analysis

(n=56)

FIGURE 1 Flow chart of the study. CPAP:
continuous positive airway pressure; GRM:
growth rate of melanoma.
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extension and one had metastasis. 34 melanomas had slow–intermediate GRM and 22 fast GRM. The time
elapsed between CMM excision and the sleep study was 7.2¡2.5 months. No significant changes were
observed in anthropometric data over this time. All the sleep studies were performed at home. The Breslow
index was 2.27¡2.4 mm and the median (IQR) mitotic index was 1 (0–4) cells?mm-2.

Prevalence of SDB
Table 2 shows the prevalence of SDB in our series of patients with CMM. The mean AHI was 13.6¡17.3,
with an ODI3% of 14.4¡17.9 and an ODI4% of 8.28¡13.5. The mean ESS score was 6.8¡4.14. 60.7% of
patients presented with an AHI o5, 35.7% an AHI o10, 30.3% an AHI o15 and 14.3% an AHI o30.

Relationship between SDB and factors of melanoma aggressiveness
Table 3 shows the clinical, pathological and polygraphic results of the two groups of patients according to
their GRM. It is noteworthy that there were significant differences in both the AHI and intermittent
hypoxaemia variables (ODI3% and ODI4%) between groups. However, no significant differences were found
between groups in age, sex, BMI or daytime hypersomnia.

TABLE 1 Baseline data of the patients, including melanoma characteristics

Age years mean¡SD 56.2¡16.2
Males % 60.7
Breslow index mm 2.26¡2.4
GRM mm?month-1 0.56¡0.72

Slow–intermediate GRM 34 (60.8)
Fast GRM 22 (39.2)

Mitotic index cells?mm-2 median (IQR) 1 (0–4)
Ulceration 14 (25)
Melanoma location

Head or neck 7 (12.5)
Arms 7 (12.5)
Legs 11 (19.6)
Trunk 28 (50)
Acral 3 (5.4)

Disease stage
Localised melanoma# 41 (73.2)
Locoregional disease" 14 (25)
Distant metastases+ 1 (1.8)

Data are presented as mean¡SD or n (%), unless otherwise stated. GRM: growth rate of melanoma; IQR:
interquartile range. #: stages IA (19 patients), IB (seven patients), IIA (nine patients), IIB (three patients) and IIC
(three patients); ": stages IIIA (four patients), IIIB (five patients) and IIIC (five patients); +: stage IV (one patient).

TABLE 2 Results from the sleep studies

Chronic snore 30 (53.6)
Witnessed apnoeas 9 (16.1)
ESS score 6.8¡4.14
BMI kg?m-2 26.8¡4.19
AHI events per h 13.6¡17.3

AHI o5 34 (60.7)
AHI o10 20 (35.7)
AHI o15 17 (30.3)
AHI o30 8 (14.3)

Basal saturation % 96.3¡1.9
Mean saturation % 94.1¡2.5
ODI3% events per h 14.4¡17.9
ODI4% events per h 8.28¡13.5
Tsat90 % 8.2¡19.6
Minimum saturation % 83.9¡8.1

Date are presented as n (%) or mean¡SD. ESS: Epworth Sleepiness Scale; BMI: body mass index; AHI: apnoea–
hypopnea index; ODI3%: oxygen desaturation index at 3%; ODI4%: oxygen desaturation index at 4%; Tsat90: night
time spent with oxygen saturation ,90%.
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Tables 4 and 5 show the multivariate analyses performed to assess the independent relationship between
various respiratory parameters in the sleep study (AHI, ODI3% and ODI4%) and the GRM. In table 4, a
logistic regression analysis was used considering GRM the dependent variable, as a dichotomous variable
(fast versus slow–intermediate GRM), and in table 5, a linear multivariate analysis was performed
considering GRM as a continuous variable. All models were adjusted for age, sex and BMI. Both
multivariate approaches show that AHI, ODI3% and ODI4% were independently associated with GRM
considered as both quantitative and dichotomous variables.

Figure 2 shows a positive correlation between the Breslow index and AHI (r50.37, p50.005), ODI3%

(r50.36, p50.005) and ODI4% (r50.38, p50.005). There were also positive correlations between the GRM
and the AHI (r50.37, p50.005), ODI3% (r50.43, p50.001) and ODI4% (r50.43, p50.001), and between
the mitotic index and ODI3% without reaching statistical significance (r50.24, p50.07). In patients with

TABLE 3 Comparisons of characteristics of melanoma patients by growth rate of melanoma
(GRM)

Variable GRM p-value

Slow–intermediate Fast

Subjects n 34 22
Age years 52.9¡14.4 61.3¡17.8 0.06
Males 20 (58.8) 14 (63.6) 0.72
Ulceration 6.06 12 (54.4) 0.0001
Mitotic index cells?mm-2 0.8¡1.7 5.36¡1.19 0.0001

Mitotic index o5 2 (6.4) 8 (36.4) 0.008
Breslow index mm 1.03¡0.88 4.17¡2.73 0.0001
GRM mm?month-1 0.15¡0.12 1.19¡0.79 0.0001
Melanoma localisation

Neck/head/acral/trunk 23 (67.6) 15 (68.2) 0.91
Legs/arms 11 (32.6) 7 (31.8) 0.96

ESS score 7.42¡4.6 5.8¡3.1 0.07
AHI events per h 6.3¡6 25¡22.4 0.0001

AHI o5 16 (47.1) 17 (77.3) 0.04
AHI o10 6 (17.7) 14 (63.6) 0.0001
AHI o30 1 (3) 7 (31.8) 0.002

BMI kg?m-2 26.3¡4.2 27.7¡4.2 0.26
Basal saturation % 96.9¡1.54 95.2¡2.1 0.016
Mean saturation % 94.5¡2 93.5¡3.1 0.15
ODI3% events per h 6.4¡5.4 26.6¡22.9 0.0001
ODI4% events per h 2.38¡2.81 17.1¡17.9 0.0001
Tsat90 % 2.3¡6.1 17.2¡28.3 0.005
Minimum saturation % 86.4¡5.3 80.1¡10.3 0.004

Data are presented as mean¡ SD or n (%), unless otherwise stated. All p,0.05 between fast and slow–
intermediate GRM, except for age. ESS: Epworth Sleepiness Scale; AHI: apnoea–hypopnea index; BMI: body
mass index; ODI3%: oxygen desaturation index at 3%; ODI4%: oxygen desaturation index at 4%; Tsat90: night time
spent with oxygen saturation ,90%.

TABLE 4 Relationship between sleep disordered breathing parameters and growth rate of
melanoma as a dichotomous variable

Unadjusted OR (95% CI) Fully adjusted OR (95% CI)

Model 1 1.09 (1.03–1.15)# 1.08 (1.02–1.14)+

Model 2 1.09 (1.03–1.15)# 1.08 (1.02–1.11)1

Model 3 1.22 (1.03–1.23)" 1.1 (1.02–1.2)e

Logistic regression models using apnoea–hypopnoea index as a dependent variable in model 1, oxygen
desaturation index (ODI)3% in model 2 and ODI4% in model 3. The unadjusted models only included polygraphic
or oximetric parameters. The full adjusted models also included age, sex and body mass index. #: p50.003;
": p50.012; +: p50.006; 1: p50.008; e: p50.023.
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DOI: 10.1183/09031936.00115413 1665



severe OSA (AHI o30), the mitotic index was significantly higher in comparison with the remaining
patients (5.37¡7.56 versus 1.83¡2.9, p50.023). Furthermore, patients with an AHI o30 (p50.06), ODI3%

o10 (p50.08) or ODI4% o10 (p50.08) showed a trend towards tumour ulceration.

Finally, considering the nine stages of melanoma as a ordinal variable (from IA to IV), there was a positive
statistically significant correlation between the stage of melanoma at the moment of the excision and AHI
(r50.23, p50.046), ODI3% (r50.28, p50.036) and ODI4% (r50.25, p50.041).

Discussion
This is the first study in the literature to analyse the relationship between the presence and severity of SDB
and their oximetric consequences, and prognostic variables of a specific type of cancer, in this case CMM. In
our series, we found a positive and independent association between the AHI and ODI, as markers of SDB
severity, and the GRM, as well as a positive association with other markers of aggressiveness of CMM, such
as the Breslow index, the presence of ulceration, the mitotic index and the melanoma stage.

There are various pathophysiological mechanisms that link intermittent hypoxaemia and the formation or
spread of cancer, particularly via key intermediate molecules in this process, such as hypoxia-inducible
factor-1, a carcinogenesis-related molecule, and vascular endothelial growth factor, which promotes
neovascularisation of the tumour and, therefore, its expansion [2, 3, 19]. According to this hypothesis,
several studies in both animals and humans have shown that the presence of intermittent hypoxaemia
(sometimes related to sleep apnoea) is associated with increased tumour growth [5], or higher cancer
incidence [7] and mortality [8, 9], in both population and clinical series. However, no studies to date have
analysed the effects in patients diagnosed with a particular type of cancer (in this case CMM, as the growth
rate of this tumour has proved sensitive to the presence of intermittent hypoxaemia, particularly in animal
studies) [5].

One of the major advantages of studying factors related to the natural history of CMM is the fact that these
tumours are, for the most part, visible and, therefore, any changes indicative of a malignant transformation
can be identified by the patients or their relatives with some degree of trustworthiness. These changes on the
surface of the tumour have shown a good correlation with its invasiveness and depth [13–17]. This

TABLE 5 Relationship between sleep disordered breathing parameters and growth rate of
melanoma as a continuous variable

b-coefficient Student’s t p-value 95% CI

Model 1# 0.033 4.16 0.001 0.017–0.049
Model 2" 0.028 0.46 0.004 0.009–0.047
Model 3+ 0.026 3.26 0.002 0.010–0.042

Logistic regression models using apnoea–hypopnoea index as a dependent variable in model 1, oxygen
desaturation index (ODI)3% in model 2 and ODI4% in model 3, and age, sex and body mass index as confounders.
#: R250.29; ": R250.21; +: R250.22.
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information, along with the Breslow index (thickness of the tumour measured in millimetres), allowed us to
calculate the growth rate of CMM without delaying excision and to divide the CMMs into slow or fast GRM
[13–17]. This classification has been significantly correlated with several prognostic factors of vital importance
to the prognosis of CMM, such as the presence of metastasis, the thickness of the CMM, survival, the presence
of ulceration, the mitotic index and the metastasis in the sentinel lymph node [13–17].

The first striking finding extracted from our results is that the prevalence of SDB in our patients with CMM
was higher than that expected in the general population, when compared with epidemiological studies in
patients of similar age and sex [20, 21], even though the patients only presented a slight increase in BMI
(mean BMI 26.8 kg?m-2) without excessive diurnal hypersomnia measured by the ESS (a key marker of SDB
clinical severity).

The main result of our study, however, is that the presence of SDB and its oximetric consequences is
significantly and independently associated with the growth rate of CMM, which seems to be independent of
other risk factors for CMM and its aggressiveness, such as age and sex. Moreover, we observed a positive
correlation of those polygraphic and oximetric parameters with other markers of aggressiveness, such as the
presence of ulceration, the mitotic rate and the Breslow index. This serves to support the hypothesis that
intermittent hypoxaemia caused by excessive SDB may promote faster growth or aggressiveness in patients
suffering from CMM, although the methodological limitations of our study make it necessary to confirm
our results in larger studies.

While the main strength of this study is that it is the first in the literature to investigate the relationship
between SDB and its oximetric consequences, and parameters indicating the aggressiveness of a certain type
of cancer, in this case CMM, it also presents several limitations. Probably the most relevant confounder is
age, as it is an important factor in determining whether any newly diagnosed melanoma will display
aggressive growth rate due to greater exposure to etiological factors [22] and age is associated with increased
SDB [23]. In this sense, we observed a nearly significant difference between the two groups of GRM
(p50.06, with a clinically significant difference of 8.4 years). To minimise the impact of age in our study, we
included it as an adjusted variable in all the multivariate analyses performed. On the one hand, this is a
small study, albeit one that has already brought to light some significant associations, while needing
stronger statistical power (a greater number of patients) to prove others. Moreover, GRM measurement
depends on patients’ or relatives’ recall and, therefore, it should be considered a subjective characteristic. On
the other hand, it should be pointed out that it has been consistently demonstrated to be an independent
prognostic factor for overall and disease-free survival [13–17]. Finally, this study has a retrospective nature
regarding the diagnosis of CMM, as the patients had been diagnosed with this tumour in the year prior to
inclusion in the study. It must be stressed, however, that between the diagnosis of CMM and its excision,
and the performance of the sleep test, we did not identify any significant changes in weight or in the
presence of new confounding variables.

In conclusion, our study shows that the frequency and severity of SDB were independently associated with a
higher GRM, and correlated with greater tumour thickness, a higher mitotic index and more frequent
ulceration, all features associated with worse prognosis in CMM. Larger, prospective studies in patients with
de novo CMM diagnoses are needed to confirm our conclusions, as these results, if confirmed, would offer
an important clinical applicability in these patients, as well as a gateway to new therapeutic possibilities for
this excess of SDB with CPAP in patients with a tumour as highly aggressive as CMM.
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