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1. BACKGROUND

Few efforts have been made to explore time series patterns (seasonality and hol-
iday effects) on the cancer registry data, which is a great source of time series
analysis due to its long time period and high quality.

2. OBJECTIVE

Perform 9 different univariate time series analysis regarding daily incidence of
invasive female breast cancer (FBC) to examine individual holiday effect and
seasonality respectively.

3. DATA OVERVIEW

We used Missouri Cancer Registry data, which included complete diagnosis date
(YYYYMMDD) on incident cases of invasive FBC from 1996 to 2015 in Missouri
(N=84,792 cases).
9 invasive FBC univariate daily time series were

– Two geographic unit groups: rural and urban;

– Three age groups: 00-49, 50-69 and 70+;

– Four stage groups: localized, regional, distant and unknown/unstaged
(UNS).

Each daily time series included 7,305 days. Urban had the least zero counts (1,155
days) and UNS had the most (5,188 days).

Figure 1: Daily incidence distribution by age, stage and rural vs. urban
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4 METHODS

For each daily time series, autoregressive conditional Poisson (ACP) and zero-
inflated Poisson (ZIP) regression models were used, where ZIP was used to ad-
just for excess zero counts in the data if necessary.
Covariates included a linear trend, holiday effects, weekend effects and season-
ality.

– Eight holidays were included: New Year’s Day, Good Friday, Memorial
Day, Independence Day, Thanksgiving Day, Black Friday, Christmas Eve
and Christmas Day;

– Five seasonal patterns were included: one day, one week, semi-month, one
month and one year.

Model selection was based on p-value (if available), Akaike information criterion
(AIC) and auto-correlation function (ACF) plot for residuals.

5. RESULTS
If the estimated relative risk (incidence ratio) for a covariate is less than 1, there is a
negative impact. A smaller incidence ratio indicates a larger negative impact.

For all 9 univariate time series, weekends had the greatest negative
effect.

– The smallest incidence ratio of weekend to weekday is 0.0538
(age 50-69) and the largest is 0.6556 (unknown/UNS).

A positive linear trend was detected, which implied that we ex-
pected more incidence per year except age 00-49 (no increase/de-
crease), rural (decrease) and UNS (decrease).
There were less incident cases on holidays and differences varied
both within and across age, stage and rural vs. urban (See Tables
1-3, the smallest incidence ratio is highlighted in yellow. Only sig-
nificant holidays were reported.)

– "Thanksgiving Day" had the least incident cases for more than
half of 9 groups.

– "Good Friday" had the least impact on incident cases for more
than half of 9 groups compared with other holidays.

– "New Year’s Day" for age 70+ showed a positive effect.
– Unknown/UNS showed no holiday effects except one positive

holiday effect on "New Year’s Day".
Seasonal patterns (See Table 4) existed and relatively small com-
pared with other covariates.

– Rural showed no seasonal patterns while the rest of 9 groups
showed at least one type of seasonal patterns.

– Localized had all types of seasonal patterns.
– "One year" was the most common seasonal pattern.

"Rural" and "unknown/UNS" groups required further investiga-
tion due to their high percentage of zero counts and small non-zero
incidence counts (See Figure 1). For example, on Independence
Day, rural had no incidence over 20 years.

Table 1: Incidence ratio of holidays to non-holidays by age

"-" represents dropped nonsignificant holidays.

5. RESULTS (CONTINUED)
Table 2: Incidence ratio of holidays to non-holidays by stage

"-" represents dropped nonsignificant holidays.

Table 3: Incidence ratio of holidays to non-holidays by rural vs. urban

"-" represents dropped holidays due to nonsignificance
or no incidence to draw statistical conclusions.

Table 4: Seasonality by age, stage and rural vs. urban

"Yes" denotes the seasonality in the corresponding column exists while "No" means otherwise;
"Yes" in color orange indicates the strongest seasonality in that group.

6. DISCUSSION

Timely screening and diagnosis for FBC should be promoted all year round.
Public health practitioners can take advantage of major holidays (such as
Thanksgiving Day and Memorial Day) and weekends for screening promo-
tion activities.

Our study reflected whether the seasonality existed and how it differed (rel-
atively strong or weak). For daily time series, resolving the entanglement
of multiple seasonalities and trend remains a big challenge. We may turn
to structral time series analysis/signal extraction techniques to quantify each
seasonal component more appropriately.
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