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Backround: Sleep disorders are prevalent in patients with advanced cancer. Their impact on clinical
outcomes is not well understood.

Methods: A post-hoc analysis was conducted in 361 chemo-naive patients with metastatic colorectal cancer
completing twice the EORTC QLQ-C30 questionnaire within a randomized international phase III trial.
The study assessed the effect on overall survival (OS) of subjective sleep complaint, used as a normal or
a time-dependent covariate (TDC), using a multivariate Cox proportional hazard model. Prognostic anal-

g?:;ords" ysis was conducted on the whole study population and separately in each treatment arm (conventional
Colorectal cancer FOLFOX2, or chronomodulated chronoFLO4).

Survival Results: Sleep problems were reported by 202 patients (56%) at baseline and by 188 (52%) on treat-
Circadian ment. Sleep problems at baseline were independently associated with a higher risk of earlier death (HR:
Chronotherapy 1.36; p=0.011), progression (HR: 1.43; p=0.002) and poor treatment response (RR: 0.58; p=0.016). TDC

Time-dependent covariates analysis confirmed the independent prognostic effect of sleep problems on OS (HR: 1.37; p = 0.008), while
on treatment this effect was only observed using univariate analysis. The negative prognostic value of
sleep problems on OS at baseline, on treatment, and as a TDC was greatest on chronoFLO4 compared to
FOLFOX2.
Conclusions: Subjective sleep problems are associated with poor clinical outcomes in metastatic colorectal
cancer patients and affect chronotherapy effectiveness. There is a need for a well-tuned circadian timing
system in order to increase chronotherapy activity. Prospective studies are needed for determining the
impact of therapeutic approaches on sleep disorders upon quality of life and survival of cancer patients.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Sleep problems are prevalent in cancer patients and survivors,
with nearly two-thirds of patients reporting them [1-4]. However,
relatively little is known about sleep disorders in colorectal cancer
patients. In a study of 157 adults with colon or rectal cancer,
sleep problems were reported by 35% of them, and higher levels
of sleep problems predicted for more fatigue, together with more
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depression and poorer performance status [5]. In another small study
involving 21 patients with colorectal cancer undergoing adjuvant
chemotherapy, clinically significant sleep disturbances were ob-
served [6]. Berger et al. also noted substantial evidence of circadian
disruption in their sample, suggesting that patients diagnosed with
these types of cancer experience lack of distinction between night-
time and daytime in their activities [6]. This phenomenon was
previously described by patients with advanced cancers, where
substantial amounts of time spent asleep during the day and awake
during the night effectively blur the line between day and night-
time [7-9]. The observed association between altered rest-activity
rhythm and subjectively reported sleep problems in two indepen-
dent cohorts of patients with metastatic colorectal cancer [10,11]
further supported the hypothesis that disruption of circadian rhythms
in cancer patients plays a role in the occurrence of sleep problems.
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Evidence from several epidemiological studies suggests that
chronic circadian disruption is carcinogenic and associated with an
increased risk of many cancers, including colorectal cancer [12,13].
Sleep disorders have also been reported to be associated with nu-
merous adverse psychiatric and health outcomes, including:
neurocognitive, metabolic, endocrine, and immune effects; in-
creased fatigue; decreased physical activity; drowsiness; anxiety;
depression; and an increased perception of pain [14-16]. These
data point to circadian disruption as a potential mechanism for sleep
problems and the associated health risks.

Despite this scientific evidence and the common knowledge of
adverse health being associated with disturbed sleep, data on large
populations of cancer patients are lacking with regard to the effects
of sleep problems on clinical outcomes. Nonetheless, other patient-
reported symptoms have been more extensively studied and their
importance as independent prognostic factors in various cancers,
including advanced colorectal cancer, has been confirmed [1,17-22].

The present study examined the prognostic role of subjective
sleep complaints, before and during chemotherapy, in patients
diagnosed with metastatic colorectal cancer. Data were obtained
from a randomized controlled trial conducted by the European
Organisation for Research and Treatment of Cancer (EORTC)
Chronotherapy Group.

2. Patients and methods
2.1. Study objective and design

The present clinical trial enrolled 564 patients, who were
previously untreated for metastatic disease, from 36 centers in 10
countries between October 1998 and February 2002. A total of 282
patients were randomly assigned to one of the following treat-
ment arms: FOLFOX2 or chronoFLO4 [23] (Fig. 1). Both regimens
combined oxaliplatin, 5-fluorouracil, and leucovorin, adminis-
tered with either a conventional, non-time-stipulated 2-day delivery
(FOLFOX2), or with a chronomodulated, circadian-based infusion
for four days (chronoFLO4). The description of these schedules, the
patient inclusion and exclusion criteria, and the report of overall
outcomes of the trial have been detailed elsewhere [23]. The study,
which was approved by the EORTC protocol review committee and
the ethics committee of each participating center, was conducted
in compliance with the Helsinki declaration. All patients provided
written informed consent.

2.2. Sleep assessment

Participants’ subjective sleep was measured using the corre-
sponding scale of a multidimensional questionnaire of HRQoL,
the EORTC Quality of Life Questionnaire C30 (QLQ-C30) version 2.0
[24]. Assessments were performed at baseline (before chemother-
apy start, but after a variable amount of time since initial cancer
diagnosis and staging work-up) and during protocol chemothera-
py (every fourth cycle of chemotherapy, about two months apart).
The sleep score from EORTC QLQ-C30 was calculated using the
recommended EORTC procedures [24] and involved the transfor-
mation of raw scores of increased severity into a linear scale ranging
from 0 to 100. In particular, the EORTC QLQ-C30 questionnaire
involves one straightforward question: ‘[During the past week]
Have you had trouble sleeping?’ It was considered that partici-
pants had no subjective sleep complaints if they answered ‘not at
all’ (corresponding to 0 on the scale). The other values of the scale
(ie, 33.3,66.7 or 100, corresponding to ‘a little’, ‘quite a bit’ and ‘very
much’, respectively) were considered as subjective reports of
sleep problems.

Patients enrolled and randomized : N= 564
(FOLFOX2 & chronoFLO4: N= 282 each)

Valid baseline sleep assessment: N= 505
(FOLFOX2: N= 253; chronoFLO4: N= 252)
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CURRENT STUDY POPULATION
Valid 2" sleep assessment on treatment: N= 361
(FOLFOX2: N= 188; chronoFLO4: N= 173)

Baseline subjective sleep complaints (% of patients)
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Last on-treatment subjective sleep complaints (% of patients)
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Yes (M): 52.1 %
No( ):47.9% . ,

Median follow-up: 89.2 months (range: 67.8 — 107.3 months)
Progressed: N= 342
Died: N= 320
Lost to follow-up: N= 19
Alive for >5 years: N= 58

Fig. 1. Study flowchart.

2.3. Statistical analysis

The primary endpoint of the present study was the association
between subjective sleep complaints and overall survival (OS). This
association was explored by using sleep scores at baseline, while
on treatment, and as time-dependent covariates (TDC). In each case,
OS was measured from the date of completion of the correspond-
ing questionnaire to the date of death (due to any cause). Participants
still alive at the time of database locking were censored at the last
date known to be alive. Similarly, time to progression (TTP) was
calculated from the date of questionnaire completion until the date
of disease progression or death, whichever occurred first.

Survival curves and probabilities were estimated using the
Kaplan-Meier technique, and differences between survival curves
were assessed using the log-rank test. The Cox proportional hazards
regression model was used for both univariate and multivariate
analyses of survival. For the prognostic analysis, the subjective
sleep complaint was used either as a simple variable or as a time-
dependent covariate. A multivariate prognostic model was then built,
forcedly entering other possible prognostic factors. The added ad-
justing factors included: randomized treatment, age, sex, site of
primary tumor, resection of primary tumor, Duke’s stage at diag-
nosis, prior adjuvant chemotherapy, World Health Organization
(WHO) performance status (PS) at baseline, number of metastatic
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