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Sleep disorders have emerged as highly prevalent conditions, and along with improved understanding of such disorders, increased
attention has gained the evidence that perturbation in sleep architecture and continuity may initiate, exacerbate, or modulate the
phenotypic expression of multiple diseases including cancer. Furthermore, obstructive sleep apnea (OSA) has recently been
implicated in increased incidence and more adverse prognosis of cancer in humans. 'is study was designed to confirm the high
prevalence of OSA in human malignancies and assess its prognostic relevance in metastatic colorectal carcinomas (mCRCs). A
prospective cohort of 52 subjects, affected by solid histologically confirmed metastatic malignancies, was analyzed, and among
them, 29 mCRCs were studied for the prognostic role of OSA. OSA was diagnosed in 34.6% (18/52) of patients with a statistically
significant difference in apnea-hyponea index between OSA and non-OSA subgroups (14.2± 12.2 vs. 2.1± 1.5, p< 0.01).
Consistently, OSA was diagnosed in 34.5% (10/29) of mCRCs with lower rates of first-line therapy disease control in OSA
compared to non-OSA patients (60% in OSA vs. 94.7% in non-OSA, p � 0.03). Of note, progression-free and overall survival rates
were significantly shorter in OSA (respectively, 9 and 22 months) compared non-OSA (20 and 40 months) mCRC patients
(HR� 2.63; 95% CI 0.88–7.84, p � 0.01 for PFS; HR� 3.93; 95% CI 1.13–13.73, p< 0.001 for OS). Finally, the multivariate analysis
showed that OSA is an independent prognostic factor for PFS (p � 0.0076) and OS (p � 0.0017) in this cohort. Altogether, these
data suggest that OSA is a potential clinical marker predictor of poor prognosis in patients with mCRC.

1. Introduction

Obstructive sleep apnea (OSA) is a disorder characterized by
frequent subobstruction/obstruction of upper airways dur-
ing sleep with intermittent hypoxia and sleep fragmentation.
It is associated with systemic diseases such as hypertension,
cardiac arrhythmias, cerebral and cardiovascular events,
type 2 diabetes, postoperative complications, and several
other morbidities [1–4]. It is well known that this association
is due to systemic inflammation and sympathetic activation
with production/secretion of a large spectrum of proin-
flammatory molecules. Recent studies in animal models and

humans showed that sleep apnea and intermittent hypoxia
may increase the risk of developing cancer [5] and may
worsen its prognosis by increasing cancer progression and
mortality [6]. Some studies established that there is a re-
lationship between OSA and the risk of developing solid
tumors [7, 8] and that patients with OSA usually have el-
evated cancer burden [9]. Furthermore, all-cause mortality
risks are increased with sleep-related breathing (SDB) dis-
orders severity, but the association between SDB and cancer
mortality seems stronger and a link has been proposed
between intermittent hypoxemia and the aggressiveness of
human cutaneous malignant melanoma [7]. However, to
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date, the relationship between OSA and cancer prognosis is
still debated [10].

Colorectal cancer (CRC) is a leading cause of cancer
morbidity and mortality worldwide [11]. Unhealthy diet
based on high fat intake, insufficient dietary fiber, high
consumption of red or processed meat, and obesity repre-
sent common risk factors for CRC. Interestingly, many OSA
patients share obesity, caused by unhealthy lifestyle, as
common risk factor with CRC patients. Furthermore, much
evidence suggests that OSA could increase the risk of de-
veloping CRC [12, 13], and a study cohort suggested that
OSA may promote CRC development independently from
obesity [14].'us, the present study was designed to confirm
the frequency of OSA in human solid tumors and, more
importantly, to establish a potential impact of OSA on
prognosis of patients affected by metastatic CRC (mCRC).

2. Patients and Methods

'is is a concept observational study in which a prospective
cohort of 52 subjects, 27 males and 25 females, with a di-
agnosis of solid histologically confirmed metastatic malig-
nancy, enrolled between October 2016 and April 2020 at the
Medical Oncology Unit of the University Hospital of Foggia
were studied for the presence of OSA. Patients’ demographic
characteristics are reported in Table 1. All subjects were
followed for a median period of 32 months. In order to avoid
possible interference between the neoplasm and the respi-
ratory system, patients with chronic respiratory failure were
excluded from the study. Subjects were consecutively
recruited and underwent nocturnal cardiorespiratory
monitoring at the time of diagnosis.

Main data collected were as follows: apnea-hyponea index
(AHI), average SpO2, timewith SaO2 lower than 90% (T90), and
oxygen desaturation index (ODI). A questionnaire about
comorbidities and daytime sleepiness (Epworth Sleepiness
Scale, ESS) was administered. Data were analyzed by a physician
expert in sleep medicine disorders who was not aware of the
oncological condition of enrolled subjects. According to the
presence of sleep apnea, the subjects were divided into 2
subgroups: OSA and non-OSA. Patients were considered
positive for OSA in case of AHI >5.'e prognostic relevance of
OSA was studied in the subgroup of 29 mCRCs in order to
establish a correlation between OSA and response to first-line
therapy and cancer-specific survival. OSA was diagnosed before
starting first-line chemotherapy (FOLFOXor FOLFIRI regimen
combined with bevacizumab or anti-EGFR monoclonals se-
lected based on RAS/BRAF mutational status). Demographic
characteristics of mCRC patients are reported in Table 2.

'e study was approved by the local Ethic Committee,
and all participants signed a written informed consent.
Fisher test or chi-square test was used to evaluate the dif-
ferences between the two groups. Kaplan–Meier progres-
sion-free and overall survival curves (PFS and OS) were
obtained. Response to therapy was evaluated according to
RECIST criteria. Disease control rate (DCR) was defined as
the sum of patients with stable or responding disease after
first-line therapy. A multivariate logistic regression analysis
was performed to identify factors influencing PFS and OS.

'e following factors were analyzed: presence/absence of
OSA, age, sex, and cardiovascular and metabolic comor-
bidities, including diabetes, hypertension, ischemic heart
disease, ictus cerebri, chronic obstructive pulmonary disease
(COPD), and body mass index (BMI) (<25 vs. ≥25 kg/m2).

3. Results

OSA was diagnosed in 18/52 (34.6%) patients of the whole
cohort (AHI 14.2± 12.2 vs. 2.1± 1.5, p< 0.01) and 10/29
(34.5%) patients of the mCRC cohort (Table 3). No sig-
nificant differences were observed in OSA distribution
according to age, sex, cardiovascular and metabolic
comorbidities, body mass index (BMI) (<25 vs. ≥25 kg/m2),
and tumor types (colorectal vs. noncolorectal).

'e relationship between OSA and DCR, PFS after first-
line therapy, and cancer-specific mortality was evaluated in
the cohort of patients affected by mCRC (Table 2). Overall, 14
(48.2%) patients achieved a response to first-line therapy and
10 (34.5%) a disease stabilization, whereas 5 (17.3%) patients
had a disease progression (Table 4). Interestingly, the response
rate was constantly lower in OSA respect to non-OSA patients
and presence of OSA significantly correlated with lower DCR
(60% in OSA vs. 94.7% in non-OSA, p � 0.03; Table 4).
Median PFS and OS in the mCRC cohort were, respectively,
16 (95% CI 12–20) and 36 months (95% CI 28–43).

Interestingly, the PFS was significantly shorter in OSA (9
months) compared non-OSA (20 months) mCRC patients
(HR� 2.63; 95% CI 0.88–7.84, p � 0.01; Figure 1(a)).
Consistently, OSA was significantly associated with reduced
cancer-specific OS (median OS 22 months in OSA vs. 40
months in non-OSA, HR� 3.93; 95% CI 1.13–13.73,
p< 0.001; Figure 1(b)). Finally, the multivariate analysis
showed that OSA is an independent prognostic factor for
PFS (p � 0.0076) and OS (p � 0.0017). Altogether, these
results, although obtained in a small cohort of patients,
suggest that OSA is a potential clinical marker predictor of
poor prognosis in mCRCs.

4. Discussion

Much evidence suggests that sleep disorders are associated
with increased risk of developing cancer and negatively
impact on cancer prognosis [5, 6]. Based on this premise,

Table 1: Demographic characteristics of patients.

Patients, n 52
Median age (range) 52.4 (43–87)
Females, n (%) 25 (48.1)
Males, n (%) 27 (51.9)
Tumor type, n (%)
Colorectum 29 (55.9)
Breast 9 (17.3)
Lung 4 (7.7)
Ovary 4 (7.7)
Pancreas 2 (3.8)
Gallbladder 2 (3.8)
Prostate 1 (1.9)
Uterus 1 (1.9)
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this study enrolled a prospective cohort of patients with
metastatic solid tumors, in majority of mCRCs, with the aim
to confirm the high frequency of OSA among cancer patients
and analyze the relevance of OSA in predicting cancer-
specific prognosis in mCRCs. Our data suggest the fol-
lowing: (i) OSA is highly prevalent in cancer patients with no
major difference between different cancer types, and (ii)
OSA patients harboring mCRCs are characterized by lower
rates of response to first-line therapy and shorter disease-
free and overall survival compared to non-OSA patients.
Noteworthy, the presence of OSA was shown to be an in-
dependent prognostic factor based on multivariate analysis.

'ese data raise several issues both at clinical and
preclinical levels. Indeed, the association between OSA and
cancer patients’ outcome remains an open issue since there
are many other confounding risk factors, which could affect
prognosis [15]. Patients affected by OSA are often affected by

obesity, which may contribute to chronic inflammation,
altering the balance between oxidative stress, hormones,
growth factors, and other mediators. Furthermore, several
other confounding factors, such as cardiologic and meta-
bolic comorbidities, besides cancer, may affect patient
outcome [15]. In such a perspective, our data, obtained in a
small, but homogeneous cohort of mCRCs, support the
hypothesis that OSA may represent an independent pre-
dictor of poor response to standard first-line therapy and
may negatively impact on cancer-specific survival. However,
larger cohorts of patients are needed to establish a stronger
relationship between OSA and specific CRC molecular
characteristics/subtypes and between OSA and response to
specific therapies (antiangiogenic versus other molecular
targeted agents).

In a biological perspective, several mechanisms have
been proposed to address the role of intermittent hypoxia in
human carcinogenesis. It is established that cellular hyp-
oxemia, usually present in both OSA and tumors, plays a
central role in cancer progression by enhancing the ex-
pression of transcription factors, such as hypoxia-inducible
factor (HIF-1), which activates genes involved in angio-
genesis, oxidative stress response, genetic instability, inva-
sion and metastasis, resistance to radiation, and
chemotherapeutics [16]. In such a scenario, recent evidences,
obtained in human CRC cell lines, suggested that HIF-1 is
regulated at transcriptional level in response to intermittent
hypoxia and not just by the posttranslational oxygen-de-
pendent degradation pathway, as seen in chronic hypoxia
[17]. Furthermore, other studies pointed out on the rela-
tionship between intermittent hypoxia and perturbation of
tumor microenvironment. Indeed, hypoxemia influences
the function of immune cells and macrophages present in
tumormicroenvironment, which, instead of attacking tumor
cells, enhance the production of cytokines that promote
tumor growth [18]. 'e contemporary production of re-
active oxygen species generated during reoxygenation pe-
riods leads to activation of nuclear factor-kB (NF-kB)
signaling that is associated with inhibition of apoptosis,
synthesis/secretion of proliferation molecules, matrix
metalloproteases, and angiogenetic molecules such as vas-
cular endothelial growth factor (VEGF), which in turn
enhance angiogenesis, tumor cell invasion, and metastati-
zation [19]. 'e relevance of microenvironment in OSA-
induced colorectal carcinogenesis has been recently pointed
out by Gao et al., who suggested that intermittent hypoxia,
chronic inflammation, and intestinal microbiota dysbiosis
cooperate in CRC carcinogenesis in response to OSA [20].
Intermittent hypoxia influences also the expression of
miRNAs, and some of them are known to be involved in
cancer development or progression [21]. Finally, sleep
fragmentation represents another factor influencing tumor
initiation/progression since it causes epigenetic modifica-
tions of many circadian genes, which modify the expression
of cancer-related susceptibility genes involved in cell divi-
sion and DNA repair [22]. Altogether, these evidences are
consistent with the general view that stress response is a
driver of tumor progression [23] and that stress genes are
prognostic factors in human malignancies [24]. In such a

Table 4: Response rate according to OSA distribution.

— All, n (%) OSA, n (%) Non-OSA, n (%)
Complete response (CR) 1 (3.4) 0 1 (5.3)
Partial response (PR) 13 (44.8) 3 (30.0) 10 (52.6)
Stability (S) 10 (34.5) 3 (30.0) 7 (36.8)
Disease control rate (DCR) 24 (82.7) 6 (60.0) 18 (94.7)
Progression (P) 5 (17.3) 4 (40.0) 1 (5.3)

Table 2: Demographic characteristics of colorectal carcinoma
patients.

Patients, n 29
Median age (range) 67 (44–87)
Males, n (%) 20 (69.0)
Females, n (%) 9 (31.0)
Metastatic pattern, n (%)
Liver 20 (69.0)
Lung 11 (37.9)
Peritoneum 5 (17.2)
Bone 3 (10.3)
Others 2 (6.9)
First-line therapy, n (%)
FOLFOX/bevacizumab 15 (51.7)
FOLFOX/anti-EGFR 10 (34.5)
FOLFIRI/bevacizumab 4 (13.8)

Table 3: OSA distribution according to severity and tumor type.

— Non-
OSA

OSA
All Mild Moderate Severe

Patients, n
(%) 34 (65.4) 18 (34) 10

(55.5) 3 (23.0) 5
(38.5)

Tumor type, n (%)
Colorectum 19 (65.5) 10 (34) 7 2 1
Breast 5 (55.6) 4 (44.4) 2 1 1

Lung 0 4
(100.0) 3 — 1

Ovary 3 (75) 1 (25.0) — — 1
Pancreas 1 (50) 1 (50.0) — — 1
Gallbladder 2 1 (50.0) — — —
Prostate 1 — — — —
Uterus 1 — — — —
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context, we previously reported that a stress-response gene
signature based on the upregulation of TRAP1 gene network
predicts the outcome of mCRCs [25].

5. Conclusions

'is pilot study suggests that OSA may have a role in tumor
progression and may predict poor response to therapy and
clinical outcome in mCRC. 'us, it would be intriguing to
speculate whether the dual targeting of cancer cells by an-
ticancer agents in combination with continuous positive
airway pressure CPAP, in patients with cancer and OSA,
may provide a therapeutic perspective to improve response
to therapy. In fact, we cannot rule out a beneficial effect of
CPAP, based on its capacity to attenuate hypoxemia and
modify the transcriptional profile of genes involved in
cancer-related pathways [26]. In this perspective, further
studies are needed to address the hypothesis that simulta-
neous targeting of intermittent hypoxemia and cancer cells
may reduce cancer aggressiveness and improve the activity
of anticancer pharmacological agents.
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Figure 1: OSA impact on colorectal cancer clinical outcome. Kaplan–Meier progression-free (a) and overall (b) survival curves according to
the presence/absence of OSA.
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