


Additional Materials and Methods
Data collection
Data were retrieved from the Clinical Data Analysis and Reporting System (CDARS), which is an electronic database operated by the Hospital Authority of Hong Kong. CDARS was established in 1995 for clinical audit and research purposes. The Hospital Authority is the sole public healthcare provider for primary, secondary, and tertiary care and covers approximately 90% of all secondary and tertiary care in Hong Kong, which has a population of approximately 7.4 million [1]. Data, including demographics, disease diagnoses, hospitalizations, and causes, times, and dates of death, are recorded in CDARS. The International Classification of Diseases, Ninth Revision (ICD-9), was used for disease coding. Positive and negative predictive values exceeding 90% have been demonstrated in previous studies [2, 3]. Patients’ privacy and confidentiality were protected by unique anonymous patient identifiers, which are linked to all the data contained in CDARS. Several high-quality population-based studies have been conducted based on the data retrieved from CDARS [3-5].
Study Subjects
We identified all adult cancer patients who were at least 18 years old and who were admitted and died in cancer palliative wards or acute oncology wards in all public hospitals in Hong Kong between January 2008 and December 2016. We included all the cancers in the list of ICD-9 (140 to 239: neoplasms). We also retrieved data on death due to ischemic heart disease (ICD-9 410-414) or pneumonia (ICD-9 486) in the same time period as in-patients in Hong Kong to compare the temporal pattern of death with cancer.
Statistical Analyses
First, we aggregated the number of deaths over a 60-minute period within 24 h. We then plotted the graph showing the temporal distribution of deaths and analyzed the relative change in the number of deaths during the time of a day in two different scales, i.e., hours and minutes. Restricted cubic splines were fitted using 3 knots to model the number of deaths. We calculated the prevalence (the number of deaths in each hour of a day divided by the total number of deaths at that hour of the day, over a period of 24 h) and the prevalence ratios between different hours of the day, always taking 0:00-0:59 am as the reference hour. The estimated prevalence ratios and their respective 95% confidence intervals (CIs) were derived using a negative binomial regression analysis accounting for over-dispersion [6]. We adjusted for age and sex, but not for cancer stage which could not be accurately retrieved for many cancer types. Prevalence ratios of age and sex were also presented.
To test the presence of a periodicity in a 24-hour period, we fitted a cosinor model, where the dependent variable death time was modeled as a sine wave characterized by a phase shift (i.e., location of peak and trough on the time axis) and amplitude (i.e., maximum variation of the sine wave from its mean height) [7]. The time variable (t) was measured on a discrete 24-hour scale and was transformed as cosine(t) and sine(t), which were then fitted as predictors of death. We derived a circadian periodic test using the transformed sine and cosine parameters for the cosinor model [7]. Model specification and formulae are also shown in the Appendix. The parametric sinusoidal circadian test assumes a 24-hour frequency characterized for being of sinusoidal pattern, unimodal in shape (i.e., the pattern occurs once per day), and the rhythm being the same each day (i.e., stationary). Finally, we used a non-parametric test of multimodality aiming to validate the results from the parametric statistical approach (cosinor model) and to evaluate whether the observed data support the presence of one unique mode (periodicity). A peak (or mode) was presented where an excess of probability mass (i.e., excess mass) was concentrated. By assessing the excess mass, we can statistically identify the number of peaks (or modes) presented. The null hypothesis of the non-parametric multimode test was that there was only unimodal circadian rhythm while the alternative supported the presence of more than one mode. A significant P value (< 0.05) rejects the presence of only one mode and therefore rejects the presence of a unimodal circadian pattern [8, 9]. Statistical analyses were performed using Stata v.15 (StataCorp, College Station, TX, USA) and R v. 3.5.0 (R Foundation for Statistical Computing, Vienna, Austria).
Model Specification and Formulae
Model specification was Eq. (A.1):
g(Yt) = c cos (wt) + s sin (wt), t = 1, … ,24
g(⋅) = link = log (number of cases); family: Negative Binomial.
where the frequency of the time of a day was converted to a circular scale Eq. (A.2):
wt = 2π [hourst − 0.5) / 24] k, k = Number of cycles per day.
where the amplitude (A) was defined as Eq. (A.3):
A = , (A ≥ 0).
and the phase (P) in time scale was Eq. (A.4):
P = 24 [(arctan(s/c) / 2π] + 1.
The circadian test statistic used was Eq. (A.5):
Z = nĀ2, Ā = .
The P value for the null hypothesis that Ā (average amplitude) = 0 was computed as the exponent of (-Z).
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