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Abstract: Development of statistical model for cancer incidence trend predictions can provide a sound and accurate
foundation for planning a comprehensive national strategy for optimal partitioning of research resources. Several studies in the
past showed that that there are racial/ethnic disparities exist between breast cancer incidence rates among black and white
women in the United States. Some of the studies also showed that the disparity in breast cancer incidence rates among white
and black US women is widening, with relatively higher incidence rates among black women. In this paper, we apply
functional time series (FTS) models on the age-specific breast cancer incidence rates for these two major groups of women in
US, and forecast their age-incidence curves. The data are obtained from the Surveillance, Epidemiology and End Results
(SEER) program of the United States. We use annual unadjusted breast cancer incidence rates from 1973 to 2013 in 5-year
agegroups (15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79, 80-84 and 85+).
Age-specific cancer incidence curves are obtained using nonparametric smoothing methods. The curves are then decomposed
using functional data paradigm and we fit functional time series (FTS) models for each population of women separately. The
smoothed incidence curves are then forecasted and prediction intervals are calculated. Fifteen-year forecasts indicate an overall
increase in future breast cancer incidence rates for both groups of women. This increase appears to be faster among black
women and relatively slower among the whites. The projections suggest a need for equal delivery of quality care to eliminate
breast cancer disparities among the two major groups of women in US.

Keywords: Breast Cancer, Cancer Incidence, Screening and Early Detection, Functional Time Series, Forecasts,
Black and White Disparity

in other factors, e.g. cancer stage at the time of diagnosis and
five-year survival after diagnosis. It is found that compared to
white women, black women have an increased risk for stages -
IIT and stage-IV tumors, age at diagnosis and year of diagnosis
[3-4].Some studies suggested that the black women in

1. Introduction

Breast cancer is the most common cancer among women
worldwide. It is documented that the global burden of breast
cancer is expected to increase up to 2 million and over the new

cancer cases per year by 2030 [1]. For women in the United
States, breast cancer is the most common cancer, excluding
skin cancers. It is estimated that there are more than 3.5
million women living in the United States with a history of
invasive breast cancer [2]. Several epidemiologic studies
suggest that substantial disparities exist between black and
white women in their breast cancer incidence. In addition to
these disparities, there are substantial black-white differences

comparison with white women are more likely to be diagnosed
with breast cancer at a distant stage of the disease [5].

In this paper, we apply the functional time series models of
[6] to the age-specific breast cancer incidence rates of white
and black women in the United States. These models are
previously applied to the breast cancer mortality rates in
Australia [7], to the French mortality and Australian fertility
rates [6], to the breast cancer mortality among black and
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white women in the United States [8-9] and to the breast
cancer incidence rates in Karachi [10-12]. The performance
of these models with the most common age-period-cohort
models of modeling mortality is compared in [13].

The main objectives of this paper are as follow:

(a) To apply the functional time series (FTS) model,
independently to the breast cancer incidence rates of
black and white women in the United States.

(b)To study and compare various age and time
components FTS Models applied on black and whites
incidence data

(c) To obtain 15-year forecasts of age-incidence curves for
the two major groups of women in US

(d) To discuss the results obtained from statistical analysis,
and to compare them with the results/findings of other
studies

This paper is divided into six sections. Section 1 is

introductory, while the cancer incidence rates and information
about the data source are described in section 2. Some basic
concepts of functional time series (FTS) are explained in section
3. Statistical analysis on age-specific breast cancer incidence
rates of black and white females is performed in section 4 and
the results are discussed and compared with other studies in
section 5. Finally, concluding remarks are given in section 5.

2. Statistical Data of Breast Cancer
Incidence in the United States

Since 1973, the population-based cancer incidence data in the
United States have been collected by the National Cancer
Institute’s Surveillance, Epidemiology, and End Results (SEER)
Program [14]. Since 1995, the incidence data are also collected
by the Centers for Disease Control and Prevention’s National
Program of Cancer Registries (NPCR). The rates are available
for white, black, American Indians/Alaska Natives and others.

The original SEER data are available for 19 age groups (< 1
year, 1-4 years, 5-9 years, ..., 85+ years) . However in this study,
we analyzed the data for fifteen age groups: 15-19, 20-24, 25-29,
30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 60—64, 65-69, 70—
74, 75-79, 80-84 and 85+.The newly diagnosed cases and
incidence rates of breast cancer among these fifteen age-groups
are investigated, as the incidence rates among the other four
groups (< 1 year, 1-4 years, 5-9 years and 10-14 years) are
extremely small or negligible. All statistical analyses were
performed in R version 3.3.1 using the R packages demography
[15] and forecast [16], available at CRAN.

3. Statistical Methodology

The Functional Time series (FTS) models are first
developed by [6], where they applied them to the Australian
fertility and French mortality data. These models werealso
applied to the breast cancer mortality in Australia [7] and
incidence rates by [9-11]. [12] made an attempt to compare
various components of FTS models (in the form of age and
time) by applying them independently to the breast cancer

incidence data of Karachi (Pakistan) and US (White
females). Here, we are going to apply these models to the
age-specific incidence rates of breast cancer among black and
white women in the United States.

3.1. The Functional Time Series (FTS) Model

Suppose ¥, ;(x) denotes the log incidence rate at age xin
year t forthe jth group (j = 1,2). Here, white and black
women are consideredto be group 1 and 2, respectively. We
assume that s, ;(x) is a smooth function of age with

Ve j(x) = 5¢(x) + 0 j(X)€ (1

Where o, ;(x) allows the amountof noise to vary with age
x, and € ; , are considered to be independentand identically
distributed random variables, having zero mean andunit
variance. The first step is to estimate these smooth functions
from the discrete noisy data of incidence rates. For this,
nonparametric smoothing methods are used such as penalized
regression splines or loess curves. The smoothed curves are
then decomposed via a basis function expansion using the
following model, as described in [6]

sej () = 1) + Lo BjxDBin() + g, (x) (2

Here p1;(x) is the mean log incidence rate across years for
the jth group and @;  (x)is a set of orthogonal basis functions
for each j. The scoresf; form a univariate time series for
each ( j=1,2 ) and k=12,....,K. The basis
functions @; ,(x) are computedusing functional principal
components applied to the smooth curves s, ;(x). The h-step
ahead forecast of y, ; (x) can be obtained as

Vi) = f1;(x) + legzlﬁj,kaj,k(x) 3

where f1;(x) and @j,k(x) are the estimates of the mean
function and basis functions, respectively and ,[?j,k denotes
the h-step ahead forecast of f;; computed using ARIMA
models with automatic forecasting algorithm.[6] also showed

that the forecast variance can be obtained by adding the
variances of all individual terms as

Var[f’j,nm(x)] = Aj%u(x) + Yk=1 Vj kn ®jz',k () +u;(x) +
o-j?n+h(x) “)

where 6]'?” (x) is the variance obtained using the smoothing
method, v;  »is the forecast variance of coefficients, obtained
from the time series model, u;(x)is obtained using the sum
of squared residuals, and aj?nm (x) can be obtained using a
Poisson approximation (The reader is referred to [6] for
details). Assuming a normal distribution for the forecast
errors and after substituting the values of all these terms in
(4), one may obtain prediction intervals for the entire log
incidence curve.

3.2. Statistical Analysis and Results

To see the age-related changes in the breast cancer, the
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first step is to plot the age-specific incidence rates. Figure 1
represents the observed breast cancer incidence rates (per
100,000 women) among white and black women in the
United States during 1973-2013 for various age-groups. To
plot this figure, we use rainbow plot [17] for representing
different age-groups. The curves are plotted in a rainbow
order with the earlier age group (15-19) is represented by red
and the last age-group (85+) is plotted by violet color. The
other age groups are appeared in the rainbow order, with R-
package ‘rainbow’ is used to construct this plot.

From Figure 1, we can say that the breast cancer incidence
rates among white and black US women were increasing
with age monotonically, with relatively smaller rates for
women under 40 years of age and higher for the women ages
40 years and above. The rates were increasing since 1973 till
1999 and increased very sharply from 1999 to 2000 for all
age-groups for both whites and blacks.

The patterns for whites are already discussed in [12]. The
breast cancer incidence rates among black women increased

during 1973-1999, and this increase is quite sharp from 1999
to 2000 for all age-groups. However, it can be noted from
Figure 1 and Figure 2, that the incidence rates for all age
groups among black women remained relatively smaller from
1973 till 1999, as compared to the rates among their white
counterpart,. Then, the rates for both races increased and
became higher for the blacks as compared to the whites.

In order to analyze the incidence rates and to describe the
changes in incidence rates with age, we also plot the incidence
curves (as function of age) for the years 1973-2013 in Figure
2. The observed log incidence rates and smooth curves of these
rates as functional time series observations are plotted in
Figure 3. From these figures, we can see that the breast cancer
incidence rates increased with age in general. From early ages
(around 15), the overall incidence rates are showing a clear
increasing trend through age of 50. The rates declined for the
white women of age 50+ in most recent years, whereas the
graph shows continuously increasing rates for the black
women of age 50 years and older.

Age-specific Incidence Rates US- Whites, 1973-2013

60
1

Incidence Rate per 100,000
40
|

1970 1980 1990 2000 2010

Year

Age-specific Incidence Rates US- Blacks, 1973-2013

Incidence Rate per 100,000
40
|

Year

Figure 1. Age-specific breast cancer incidence rates for US-White and US-Black women during (1973-2013) for the age-groups15-19, 20-24, 25-29, 30-34,
35-39, 40-44, 45—49, 50-54, 55-59, 60—64, 65-69, 70-74, 75-79, 80-84 and 85+.

Breast Cancer Incidencce for US-Whites(1973-2013)

Incidence Rates per 100,000
40

Breast Cancer Incidence Rates for US-Blacks(1973-2013)
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Figure 2. Breast Cancer incidence curves (as function of age) of US-White and US-Black women during 1973-2013. The years are represented in rainbow
order, using the rainbow plot [17]. The earlier years are in red, whereas the most recent years are represented by violet colour.
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Next step is to apply functional time series (FTS) model
given in equation (2) of [9] to the smoothed log incidence
rates (shown in Figure 3). We use a model with 4 basis
functions, and the age and time components and their
forecasts are depicted in Figure 4 for blacks. The percentage
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variation due to the first four basis functions is 88.7% 10.5%
0.6% 0.2%. It can be noted that the percentage variation for
the first component is little bit lower among black women
(88.7%) as compared to whites (91.3%) due to more spread
(or variation) among the incidence rates of blacks.

Log Rates for US Whites (1973-2013)
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Log Rates for US Whites (1973-2013) after smoothing

-10

Log Incidence rates
2

T T T T T T T
50 60 70 80

Age (years)

Log Rates for US Blacks (1973-2013) after smoothing

Log Incidence rates

16 -14

T T T T T T T
50 60 70 80

Age (years)

Figure 3. Log incidence rates for US-Whites and US-Black women during (1973-2013) as functional observations. On the left panel , original log incidence
rates are plotted whereas the rates after smoothing are plotted on the right panel. Penalized regression splines are used to smooth the log incidence rates.
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Figure 4. Different components of FTS models applied on Breast Cancer Incidence Rates in US-Black women. The time series coefficients are also plotted

along with 15-years forecasts (2014-2028), represented by grey shaded region.

In Figure 4, the mean function for black women shows a
similar pattern as for the whites, i.e increase in the breast
cancer incidence rates with age, however;, the other
components of FTS models are all different. The first basis
function for blacks represents those US black women who
are very old (about 50 years and above). The respective time

series coefficient shows that the incidence rates of those
black women were increasing since 1973, increased very
sharply from 1999 to 2000, and then increased relatively
slowly till 2013. 15-year forecast of this time series
coefficient shows that future incidence rates are expected to
increase for older black females (above 50-years).
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The second basis function from Figure 4 again represents
older black women (40 years and above) and corresponding
time series coefficient shows that the incidence rates among
these women were increased since 1973 to 2000, then
decreased slightly from 2000 to 2013. The future incidence
rates in this age group are expected to increase in the next 15-

years. The other components of FTS model are not
interpreted. We have plotted the first basis function and the
first coefficients of whites and blacks separately in Figure 5
and Figure 6 again, to show the difference among the two
basis functions and similarity among their coefficients.

First Basis Function for Whites First Coefficient for Whites
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Figure 5. The first basis function and first coefficient of FTS model for breast cancer incidence data of white women.
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Figure 6. First basis function and first coefficient of FTS model for breast cancer incidence data of black women.

As shown in equation (3) in [9], the forecasts for the entire
incidence curves are obtained by summing the results after
multiplying the forecasts of each coefficient with their basis
functions. These forecasts for the breast cancer incidence
rates in US white and black females for next 15 years (2014-
2028) are shown in Figure 7. This plot displays that the
future incidence rates will rise for all age-groups. For whites,

the expected increase in future breast cancer incidence rates
is higher for older ages (55 years and above) and relatively
slower in the young age-groups (under 50 years). The rates
are expected to increase at highest rate among old black
women (60 years and older).

The one-step forecasts (for 2014) are plotted in Figure 8§;
whereas 15-step forecasts (for 2028) are shown in Table 1.
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There is a little difference among whites and blacks forecasts
for 2014, except a wider prediction interval for blacks of age
70 years and above. However, it can be observed from Table
1 that the future incidence rates (15-year forecasts) are
expected to be relatively smaller for black women (aged 36-
years and under) but higher for older black women relative to
the whites. The difference among the future incidence rates

among the two groups is widening with age after 40 years.
For the age-group 85 years, the future rates are expected to
be 80.5 and 114.8 per 100,000 women in whites and blacks
respectively. Similarly, the length of prediction intervals is
increasing with age for both groups, and relatively broader
intervals for blacks as compared to whites of the same ages.

15-year forecasts of BRCA Incidence(2014-2028) US Whites
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Figure 7. 15-year forecasts (2014-2028) for the Breast Cancer Incidence Rates in white and black US women. Rainbow plot [17] is used to represent the
forecast curves, with earliest year (2014) are shown as red and most recent year (2028) as violet. The available data (1973-2013) are plotted as grey-shaded

curves.
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Figure 8. One-step forecasts (2014) for white and black women in US. The forecast curves are plotted with red color, whereas the data for last available year
(2013) are plotted with small circles. The blue shaded regions are 80% prediction intervals.
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Table 1. 15-year forecasts (for 2028) for white and black women in US along with 80% prediction intervals (L is the lower limit and U is the upper limit of
prediction interval).

Whites Blacks
Age Forecast L U Forecast L U
15 0.29 0.04 1.86 0.09 0.004 1.76
16 0.4 0.07 2.19 0.13 0.01 2.05
17 0.53 0.11 2.55 0.19 0.16 238
18 0.7 0.16 295 0.28 0.03 2.75
19 0.9 0.24 3.37 0.38 0.04 3.15
20 1.14 0.34 3.38 0.52 0.08 3.58
21 1.43 0.47 433 0.7 0.12 4.05
22 1.76 0.64 4.87 0.92 0.18 4.57
23 2.15 0.85 5.44 1.2 0.28 5.12
24 2.6 1.11 6.05 1.53 0.41 5.71
25 3.09 1.42 6.71 1.93 0.58 6.34
26 3.64 1.78 7.42 24 0.82 7.03
27 425 221 8.18 295 1.12 7.75
28 493 2.7 9 3.6 1.51 8.54
29 5.66 323 9.93 4.32 1.99 9.4
30 6.45 3.81 10.9 5.15 2.58 10.32
31 7.31 4.45 12 6.09 3.27 11.37
32 8.22 5.11 13.22 7.14 4.06 12.56
33 9.2 5.81 14.56 8.3 4.94 13.92
34 10.23 6.53 16.03 9.57 591 15.5
35 11.32 7.26 17.65 10.96 6.94 17.32
36 12.46 8.00 19.42 12.47 8.02 19.4
37 13.66 8.74 21.35 14.10 9.14 21.75
38 14.91 9.49 23.44 15.84 10.3 244
39 16.22 10.25 25.68 17.7 11.5 27.27
40 17.6 11 28.08 19.7 12.72 30.45
41 18.98 11.76 30.63 21.76 14 33.81
42 20.44 12.54 33.25 23.94 15.32 37.41
43 21.9 13.32 36.15 26.22 16.68 41.22
44 23.45 14.05 39.08 28.57 18.06 45.19
45 25.01 14.83 42.17 30.99 17.49 49.3
46 26.65 15.63 45.41 335 20.96 53.51
47 28.36 16.48 48.83 36.06 22.5 57.81
48 30.17 17.4 52.36 38.7 24.13 62.02
49 32.05 18.35 55.99 41.36 25.85 66.2
50 33.98 19.34 59.7 44.09 27.61 70.43
51 35.94 20.36 63.46 46.88 29.41 74.72
52 37.93 21.39 67.26 49.7 31.25 79.04
53 39.93 2243 71.09 52.55 33.12 83.39
54 41.95 23.48 74.93 58.31 35.01 87.75
55 43.96 24.54 78.76 58.31 36.92 92.1
56 45.94 25.6 82.55 61.2 38.84 96.43
57 26.67 86.3 64.08 40.77 40.77 100.72
58 49.95 27.73 89.98 66.95 42.7 104.96
59 51.91 28.79 93.59 69.79 42.7 104.96
60 53.83 29.84 97.1 72.6 46.54 113.25
61 55.72 30.89 100.5 75.37 48.43 117.28
62 57.57 31.94 103.78 78.09 50.3 121.22
63 59.38 32.97 106.93 80.75 52.13 125.08
64 61.13 33.99 109.93 83.35 53.92 128.84
65 62.83 35 112.78 85.88 55.66 132.51
66 64.47 36 115.46 88.34 57.34 136.1
67 66.05 36.98 117.95 90.71 58.95 139.6
68 67.56 37.95 120.3 93 60.47 143.02
69 69 38.89 122.44 95.19 61.91 146.36
70 70.37 39.81 124.4 97.28 63.25 149.63
71 71.66 40.71 126.15 99.28 64.48 152.83
72 72.87 41.58 127.71 101.16 65.61 155.97
73 73.99 42.42 129.07 102.94 66.61 159.06
74 75.04 43.23 130.23 104.6 67.5 162.1
75 75.99 44 131.19 106.14 68.24 165.09
76 76.85 44.76 131.95 107.456 68.85 168.04
77 77.62 45.47 132.5 108.87 69.33 170.95

78 78.3 46.14 132.89 110.05 69.68 173.83
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Whites Blacks

Age Forecast L U Forecast L U

79 78.89 46.77 133 111.11 69.88 176.66
80 79.39 47.6 132.07 112.05 69.21 179.45
81 79.79 47.91 132.89 112.86 69.9 182.21
82 80.1 48.41 132.54 113.55 69.72 184.92
83 80.32 48.87 132.02 114.16 69.41 187.6
84 80.45 49.27 131.34 114.55 68.99 190.2
85 80.48 49.63 130.52 114.88 68.46 192.7

4. Discussion

In the United States, for all cancer sites combined, the
incidence and mortality rates in recent years have shown
either measurable stabilization in observed rates, or decline
[18]. However, it is observed that the race or ethnic
disparities still persist in cancer incidence, mortality, and
survival [19-25]. It is found previously that for all cancer
sites combined, the black women have lower incidence rates
but higher mortality rate than white women [20, 25]. In
addition to this, for most cancer sites, black women
compared with white women are more likely to have poorer
stage distribution of cancer and to have lower survival rates
[18, 26]. Furthermore, it is also documented that black
women have benefited less than white women from advances
made in early detection and treatments [27]. Such race/ethnic
disparities in cancer epidemiology are most common and
evident in breast cancer incidence rates as well.

Few studies in the past considered age related changes in
breast cancer incidence rates. Breast cancer tends to be
diagnosed at a younger age than other common cancers. The
median age at diagnosis of breast cancer is found to be 61
years, compared with 70 years for lung cancer and 68 years
for colorectal cancer. [26] observed that about 19% of breast
cancers are diagnosed in women ages 30-49 years, and 44%
occur among women who are age 65 years or older. In the
United States, for the period 1988-2002, age-adjusted breast
cancer incidence and mortality rates for white women were
134.4 and 26.4 per 100,000 women, respectively, and those
for black women were 119.4 per 100,000 and 34.7 per
100,000 women [19]. Compared with black women age 50
years and above, who have had stable incidence rates since
1993, white women in the same age group have had an
increase in incidence since 1987[21]. Among women age less
than 50, breast cancer incidence rates have been stable for
white women since 1986 and have declined among black
women since 1991[21]. Although overall age-adjusted breast
cancer incidence rates were higher among white than black
women and black women of age 35 years or less have higher
incidence rates than white women [21].

Moreover, the survival disparities between white and black
women of US persist even after adjusting for insurance status
and access to health care [26]. It is observed that compared
with white women, black women have 50% great risk of
breast cancer-related mortality after adjusting for stage,
estrogen(ER)/progesterone (PR) receptor status, surgical
treatment, radiation therapy and age at diagnosis . Some of

the studies suggested a conversion among the breast cancer
rates of whites and blacks [27].

Although many risk factors may increase the chance of
having breast cancer, it is not yet known just how some of
these risk factors cause cells to become cancerous [28, 30].
Risk factors can be divided into un-modifiable risk factors
and risk factors related to lifestyle choices. Un-modifiable
risk factors are gender, age, genetic factors, family history,
personal history of breast cancer, dense breast tissue,
menstrual periods, and breast radiation early in life. Risk
factors related to lifestyle are not having pregnancy history or
pregnancy at late ages, recent use of birth control pills, using
hormone therapy after menopause, not breast-feeding,
alcohol, being overweight or obese, lack of exercise, and
induced abortion are suggested by some researchers [29-33].

The risk of developing breast cancer increases as a woman
ages and it is found that a woman who experiences
menopause after the age 55 has an increased risk of breast,
ovarian and uterine cancers. The risk is greater if a woman
also began menstruating before the age of 12 years. A longer
exposure to estrogen increases a woman's risk of breast
cancers, and hence; a women who have been through natural
menopause are more likely to develop breast cancer as twice
as high due to hormonal factors [20].

Black women are still more likely to be diagnosed with
later-stage disease than other women and have the lowest
survival rates in each stage of diagnosis. The researchers said
reasons for this are lack of regular screening; lack of follow-
up after suspicious screening results; lack of access to timely,
high-quality treatment; and a higher percentage of
aggressive, harder-to-treat tumors. Most experts think that
it’s likely to be a combination of factors. Rising obesity rates
among black women, coupled with statistics showing that
more black women are having fewer children and having
children later in life could play a role. We also know that
black women are less likely to participate in clinical trials
testing new breast cancer treatments. Some doctors think that
it’s possible that some medicines work differently or less
effectively in black women.

Women of all ethnicities (including both whites and
blacks) can take steps to keep their risk of breast cancer as
low as it can be. Late stage at presentation of breast cancer is
the main problem and possesses a challenge to the health care
community. For black woman, it was recommended in [34]
to talk to their doctor about their risk of breast cancer, as well
as about lifestyle choices they could make to lower that risk.
It includes maintaining a healthy weight, eating a healthy diet
that is low in processed foods, sugar, and trans fats,
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exercising every day and limiting/avoiding alcohol and
smoking.

5. Conclusion

In this paper, we applied functional time series (FTS)
models to the age-specific breast cancer incidence rates of
whites and black women in the United Stated. By plotting the
age-specific incidence rates, we observed that the breast
cancer incidence rates increased with age for both groups.
From early ages, the overall incidence rates showed a clear
increasing trend through age of 50. In most recent years, the
rates declined for the white women of age 50+, whereas they
increased for the black women of age 50 years and older.

The forecast plot depicts that the future incidence rates are
expected to rise for all age-groups. For whites, the expected
increase in future breast cancer incidence rates is higher for
older ages (55 years and above) and relatively slower in the
young age-groups (under 50 years). However, the future
incidence rates are expected to increase at a higher rate
among old black women (60 years and older). On the basis of
our analysis, the black/white disparity among the breast
cancer incidence rates is expected to be widening in future.

Finally, the findings of this study support the need for
innovative research, especially on the differential
epidemiology of breast cancer. There is also a need for equal
delivery of quality care to eliminate breast cancer disparities
among white and black women in the United States.
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