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Abstract

Purpose: Recent studies showed that African Americans (AA) breast cancer
patients experience lower survival than any other race. The knowledge of
cause-specific survival of such patients is necessary to investigate the different
factors associated with the disease and support the clinical practice. Methods:
The parametric competing risk method is applied to build up the survival
models and the parametric mixture model is used to study the overall survival
of these patients. The Kaplan-Meier survival estimation is also computed to
compare the results. Results. The overall death rate decreases sharply imme-
diately after the diagnosis and increases thereafter. The risk of death from
breast cancer itself is the highest at the first five years; other causes, however,
pose more threats to patients after this period. The patients who received only
surgery have higher survival rate in long run. The use of radiation only does
not have the significant effect on patients’ survival. Conclusion: Our study
shows that the parametric competing risk models are promising in estimating
the cause-specific survival of AA breast cancer patients and can be used for
clinical practice. We also observed that heart and other diseases pose more
threat to breast cancer patients in the long run.
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1. Introduction

Breast cancer is a disastrous burden for women all over the world. Around 1.7
million women worldwide (12% of all new cancer cases) were diagnosed with
breast cancer in 2012 [1]. According to National Cancer Institute (NCI), breast

cancer in women in the United States is common and the estimated new cases
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for 2015 will be 231,840, representing 29% of all new cancer cases in the female.
African American (AA) breast cancer patients experience lower survival rates in
the United States compared to others [2] [3] [4]. According to the statistics from
the National Cancer Institute, for every 100,000 African American women, there
are 121 people diagnosed with breast cancer. Compared to Caucasian women,
AA women have 10% lower incidence rate but 37% higher death rate [5]. Afri-
can Americans’ socio-economic status and knowledge also make them one of the
most vulnerable patients [6] [7].

In studying the survival of the patients, the parametric models are useful al-
ternatives of Kaplan-Meier and Cox-PH model [8]. Because the model provides
the time ratio, it is easier to interpret the results and is more informative and re-
levant to clinicians. Previous investigations have pointed out the significance of
causes of death for breast cancer patients other than breast cancer itself and used
competing risk method to study them [9] [10] [11] [12]. Moreover, in studying
the competing risk, parametric analysis takes into account all possible risks si-
multaneously and may provide better findings [13].

The aims of this study are: 1) to perform the parametric competing risk analy-
sis of AA Breast Cancer Patients in the USA from 1973 to 2012; 2) to apply the
parametric mixture model method to observe the overall survival; and 3) to
compare the parametric and non-parametric survival models for a specific group

of sample.

2. Materials and Methods
2.1. Material

The data set for this study was provided by the Surveillance, Epidemiology, and
End Results (SEER) Program (SEER, 2012) [14]. This data set consists of 57,181
African American women diagnosed with breast cancer using histology, cytolo-
gy, or microscopic confirmation during the period 1973-2012. Our study in-
cludes African American breast cancer patients aged above 20 at diagnosis (can-
cer site labeled breast by ICD-O-3 codes [C500-506 and C508-509]). After re-
moving patients who do not have sufficient information, there are 47,016 sub-
jects with malignant tumor (39,446) and carcinoma tumor (7570). Out of 7570
patients with carcinoma tumors, 1513 died (20%). Out of 39,446 patients with
malignant tumors, 19,950 died (50.6%).

Patients’ actual ages in year were stored as a numerical variable with a range
from 20 to 106. Disease stage was categorized based on SEER simplified version
of stage [15]. There are four categories of the stage including in situ, localized,
regional, and distant (coded as 0, 1, 2, and 4 respectively by SEER Historic Stage
A [15]). The information on radiation and surgical therapies is available in the
SEER data sets. Information about chemotherapy and hormone therapy data can
be obtained by linking the SEER and the Medicare claims datasets but the quality
of the data is questionable [16] [17]. Therefore, only radiotherapy and surgical
therapy are included in this study. Tumor histologic grades were classified as

well differentiated (grade 1), moderately differentiated (grade 2), poorly diffe-
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rentiated (grade 3), undifferentiated (grade 4), and unknown status of grade. In
observation of the data, all the breast cancer patients with in-situ stage have car-
cinoma tumor behavior. All patients with other stages are classified as having
malignant tumor. Therefore, tumor behavior is not included in this study be-
cause this information is already included by cancer stage. The patients’ marital
status is categorized as single, married, separated, divorced, and widowed. So-
cioeconomic factors are also in our interest. Insurance classification is the only
socio-economic factor in the SEER database. However, more than 80% of the
data in insurance classification is unknown. Therefore, we decided not to in-

clude this factor in our analysis.

2.2. Methodology

First, SEER Cause-Specific death Classification and Other Cause of Death Clas-
sification are used to obtain information about the vital status and the cause of
death of the studied patients. However, these two items do not categorize the
causes of death other than breast cancer. In order to investigate other significant
causes of death, we used the item Cause of Death to SEER Site Recode
(ICD_5DIG). We observed that 54.35% of the patients are still alive, 23.67%
have died because of breast cancer, and 6.98% have died because of heart diseas-
es. Therefore, in this study, we analyze the three competing causes of death:
breast cancer, heart disease, and other causes. We observed that the distributions
of survival times in years for all of these causes of death follow the Weibull dis-
tribution.

Suppose that the data consist of observations t,t,---t, on the survival time
of n patients. Associate with each individual 7/a random variable B; that classifies
the causes of death:

B, =1if individual idies of breast cancer
B, = 2if individual i dies of heart diseases

B, =3if individual i dies of other causes

Probability that individual /dies of cause jis: p; =P(B, =), j=12.3.
Following the cause-specific distributions approach in Prentice et al (1978)
[18] and Kalbfleisch and Prentice (1980) [19], the competing risk model starts

with cause-specific hazards:

2; (t)dt = P{t, e (t,t+dt), individual i dies of cause j}

The conditional cumulative distribution function (CDF) of t;, given that the
death is of type jis:
Fi(t)=P{t,

<t|B, = j}

Then the overall CDF is given by
F(t)=ZJ P{ti St|Bi = J} P(Bi = j):ZJ F (t) Pj
Therefore,

()/dt /dt
Te DN R
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This produces the hazard function associated with the CDF F(t) as devel-
oped by Maller and Zhu [20]
fi(t
H0)=5, 5, 2= 5,4 () 0
S(t)
Since all the three cause-specific survival functions are the accelerated failure
time models with Weibull distribution, the overall hazard and survival function
of the competing risk model with the adjustment of the applicable covariates

given in formula (1) can be written as:
~ _(BxT)\*
1mzz{ﬁwn-m“ )

Z{;(BXT)T t

S(t)=e SIS, (1) 3)

where Xand Bare the covariate and parameter matrices.

The cause-specific and overall survival estimations from the competing risk
models are compared with the survival plots derived from the Kaplan-Meier
method for a specified group of patients. The overall hazard rate estimated by
the competing risk model is also compared to the overall hazard estimated by
the Kaplan-Meier method. Since the values of covariates affect the overall com-
peting risk model, a comparison can only be efficiently inferred by specifying the
covariates’ values. In this comparison, the population chosen for the comparison
is the women who are older than 45, married, with third histological grade and
localized stage, and received only surgery. This is the most frequent set of cova-
riates in the data with 904 patients. All analyses were executed using SAS statis-
tical software version 9.3, and the code will be available upon request to authors.
The model’s parameter estimates are presented in Appendix Tables A1-A3 for the
three competing risks. For each of the table results, positive covariate coefficients

Bwould lower hazard rate and vice versa. Weibull Shape parameter refers to a.

3. Results

The competing risk models and the overall survival model as described above
were fitted. The parameter estimates, their p-values along with 95% CI are pre-
sented in the Appendix. The coefficient estimate for scale parameter is 1.1471.
This means that risk of dying due to breast cancer itself decreases with time. For
the risk of dying from heart diseases, older age decreases the expected survival
time. The patients with all the other stage other than in situ are at risk of dying
faster in order. Our study shows that using only radiation is likely to decrease
the survival time of patients. The coefficient estimate for scale parameter is
0.7301, the risk of dying due to heart disease for breast cancer patients increases
at a decreasing rate. Patients who are under the risk of other causes have a pa-
rameter pattern similar to the patients under the risk of heart diseases. The coef-
ficient estimate for scale parameter is 0.7117. This means that risk of dying due

to other causes for breast cancer patients increases at a decreasing rate.
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The cause-specific hazard rates are plotted in Figure 1. Cancer patients gener-

ally focus on cancer more than any other disease they have. However, this result

indicates that the rate of death due to other causes is higher than breast cancer

after the first 5 years. This result suggests that in the long run, breast cancer pa-

tients should also pay attention to other diseases.

The overall hazard function is plotted in Figure 2. The hazard plot for all
causes of death estimates that the rate of death of African American breast can-
cer patients declines slightly from 0.0385% to 0.0375% in the first year after di-

agnosis. After that, the death rate increases gradually. The overall survival rate of
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Figure 1. Hazard rate of each cause of death.
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Figure 2. Overall rate of death of African American breast cancer patients.
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patients decreases gradually by approximately 3.5% per year. The 10-year sur-
vival probability is about 65%.

Comparison between Competing Risk Models and Kaplan-Meier
Estimation

We also compare the Competing Risk Models with the Kaplan-Meier curves for
the specified sample with the fixed covariate values as described in section 2.2.
Estimates for both methods were computed and plotted on the same graphs.
Results are presented in Figure 3.

Figure 3 show that in comparison to the Kaplan-Meier estimation, the use of
the Accelerated Failure Time Model exaggerates the survival probability from
year 2 to 18. The highest difference is about 4%. The estimation from the Acce-
lerated Failure Time Model for the risk of heart diseases is slightly lower than the
Kaplan-Meier estimation from year 5 to 15. The parametric model for other
risks shows strong agreement to the Kaplan-Meier estimation. However, the pa-
rametric model provides a continuous function and thus a smooth survival

curve. In addition, it incorporates the effect of covariates and thus makes the
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Figure 3. Comparison of the of cause-specific and overall survival curves computed by the two methods.
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survival prediction more flexible. The small deviation after year 18 can be ex-
plained by the lack of data points.

The hazard estimation between the competing-risk and non-parametric mod-
els are compared in Figure 4. The competing risk model’s hazard rate estimate
was presented in Equation (2). The parametric model shows the upward trend in
the rate of death over time while the Kaplan-Meier estimation provides a fluc-
tuated hazard rate over time. This characteristic of the non-parametric model
makes the inference of the hazard rate unrealistic. Usually, the rate of death does
not depict too many changes in a population due to particular diseases. The con-
sistency of the competing risk model makes the inference of hazard rate more
reasonable. However, the waving pattern of the Kaplan-Meier curve may imply
some important factor that is not included in the parametric model such as drug

resistance.

4. Discussion

In this study, we found several important characteristics of the rate of death of
the patients and the effects of some factors on the survival time of AA breast
cancer patients. The overall death rate of patients decreases in the short begin-
ning period and increases thereafter (Figure 2). However, we discovered that
only the death rate due to Breast Cancer decreases in the beginning period as
opposed to the Heart Diseases and Other Causes (Figure 1). This clearly indi-
cates the importance of the competing risk models in the study of African
American Breast Cancer patients.

Our study shows the significant risk of heart diseases and other causes to
breast cancer patients (Figure 1). The risk of dying of breast cancer was the
highest in the first five years, but it gradually decreases over time while the risk

Competing risk model and Kaplan-Meier estimation for Hazard Rate
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Survival Time  (bandwidth = 3.00)
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Figure 4. Hazard rate estimation by competing risk model and Kaplan-Meier me-
thod.
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of dying of other causes increases. Therefore, our model implies that other dis-
eases should not be underestimated when treating African American Breast
Cancer patients. This result, however, may be confounded by other factors such
as age. There is a possibility that death after 5 years are primarily caused by aging.

In Figure 2, the risk of dying goes down in the first one month after diagnosis
and goes up significantly after that. This curve includes all patients in this study,
regardless of treatment, age, or tumor behavior. Explanation for this phenome-
non can be found in Figure 1. Our model shows that the risk from breast cancer
decreases sharply in the first few months while the risks of other threats increase.
The short decline in the aggregated hazard rate is attributed to the sharp decline
in breast cancer risk and the later rise is attributed to the increase in other risks.

The comparison between two methods for a specified group of patients is
shown in Figure 3. Due to the existence of the covariates in the model and the
consistency of hazard rate, the parametric competing risk model can provide
more reasonable results than the Kaplan-Meier estimate when dealing with dif-
ferent populations. Furthermore, in cases where the size of the population is in-
sufficient, the Kaplan-Meier estimate will give constant survival rate over time.
The estimation of the survival of a new group of patients can be calculated easily
from the parametric model by simply changing the value of the covariates. These
findings suggest that the parametric model may stimulate further study about
breast cancer in African Americans.

The contribution of tumor differentiation is usually overlooked in the clinical
setting. Some researchers believe that the degree of differentiation is not always
an indication of the level of tumor invasiveness. The study of Jogi et al (2012)
supported the idea that the differentiation grade is associated with tumor beha-
vior [21]. Our model in this study supports this idea. In the model, the parame-
ters for more differentiated tumors are more negative than those of the less dif-
ferentiated ones. This indicates that the degree of differentiation has a significant
contribution to patients’ survival time. The less differentiated the tumor is, the
higher risk the patient has.

We observed two notable results about the effect of age and treatments. First,
our observation that survival decreases as age at diagnosis increases contradicts
the conclusion by Keegan et al (2012) in which adolescent and young adults had
44 percent higher risk of dying from breast cancer than patients from 40 to 64
years old [22]. Colzani et al (2011) also concluded that women aged less than 45
have 95% probability of death whereas this percentage in patients aged from 65
to 74 is only 44.5% [22] [23]. We further investigated this phenomenon by the
smooth hazard curve of the two age groups: before and after 45 years old [24].

The graph given in Figure 5 shows that the younger patients have higher risk
in the first 10 years, which is similar to the two findings mentioned above. The
highest difference in the rate of death is about 1.4%. After 15 years of diagnosis,
the rate of death of patients older than 45 becomes higher. This supports the
finding from our models.

The second notable result is the insignificance of radioactive treatment to sur-
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vival time of the risk of breast cancer. This aspect can also be verified by the es-
timation of smooth hazard rate presented in Figure 6.

Patients who received both radiation and surgery and those who received
surgery only had relatively the same death rate in the first 15 years. After that,
patients who received only surgery had slightly lower death rate. Patients who
received only radiation had the highest mortality rate. The rate of death of these
patients is about 20% in the early years but declines rapidly over time. Patients
who received neither radiation nor surgery also have high mortality rate in the

early years, but the rate of death also decline over time. It cannot be said for certain

Rate of Death by Age Group
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0.034
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Figure 5. Hazard rate of the risk of breast cancer for the two age groups.
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Figure 6. Hazard rate of the risk of breast cancer for the four types of treatments.
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that using only radiation has a negative effect on breast cancer patients’ survival.
Treatment options are chosen based on many different factors such as cancer
stages, tumor size, and patient’s preference [25] [26] [27] [28] [29]. Patients who
chose radiation therapy only in this dataset may already have a high risk of
death. Choice of treatment may also reflect socio-economic status; it is possible
that patients who choose radiation only will not have much access financially for
treating other diseases. The rapid decline in hazard rate of the radiation-only
group is not attributed to radiation therapy since patients who did not receive it
also have the same pattern of decline. The reason for this drop is the decrease of
risk of breast cancer that was shown in Figure 1. This finding contradicts Clark
et al [30] who suggested that breast irradiation does not affect survival and
Whelan et al [31] who suggested that radiation reduces risk. Steward et al’s
study [32] showed that adjuvant radiation improved survival of patients under-
going breast-conserving therapy. This finding is similar to our case where com-
bination of surgery and radiation shows significant improvement in survival.
However, Steward et al did not present any result for cases with radiation only
that can be compared with our interesting finding. In addition, our study focuses
on African American patients while Steward et al’s does not differentiate race.
Further studies on the effectiveness of radiation only to confirm or disprove this

finding will be helpful for physicians.

5. Conclusions

Besides the interest of statistical methodologies, our study presents the following

notable findings that may be useful to clinical physicians.

e Patients have the highest risk of dying from breast cancer in the first five
years after diagnosis. After that, other diseases pose bigger threats.

e Our findings support the idea of previous studies that the differentiation
grade is associated with tumor behavior. The less differentiated the tumor is,
the more dangerous it is.

® Younger patients have higher risk than older ones in the first 10 years after
diagnosis. The difference diminishes after this period. Previous studies pre-
sented mixed results about this phenomenon.

e Our study shows that patients who received only radiation have higher risk
of dying than other types of treatment and have similar risk as ones who re-
ceived no treatment. This finding contradicts several previous studies and

will need further investigation to confirm or disprove.
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Appendix

Table A1. Acceleration factor ratios for deaths by breast cancer with 95% confidence intervals and p-values.

95% Confidence Limits

Parameter DF Estimate Standard Error Chi-Square Pr > ChiSq
Lower Upper
Intercept 1 6.6039 0.1328 6.3436 6.8642 2472.03 <0.0001
Age 1 -0.0036 0.0009 —-0.0054 -0.0018 15.75 <0.0001
Stage localized 1 -1.8410 0.0861 -2.0097 -1.6722 457.34 <0.0001
Stage regional 1 -3.2055 0.0869 -3.3757 -3.0352 1361.82 <0.0001
Stage distant 1 —4.5472 0.0917 —4.7269 —4.3675 2458.73 <0.0001
Stage in situ 0  0.0000
Treatment radiation only 1 -0.0463 0.0571 —-0.1582 0.0655 0.66 0.4167
Treatment surgery only 1 1.0054 0.0410 0.9249 1.0858 600.49 <0.0001
Treatment Both 1 1.1385 0.0424 1.0554 1.2216 720.62 <0.0001
Treatment no radiation and surgery 0  0.0000
Grade 2 1 -0.7964 0.0792 -0.9517 —-0.6411 101.00 <0.0001
Grade 3 1 -1.3421 0.0769 —1.4928 -1.1913 304.37 <0.0001
Grade 4 1 -1.4440 0.1047 -1.6491 —-1.2388 190.31 <0.0001
Grade unknown 1 -1.1290 0.0772 -1.2803 -0.9778 214.09 <0.0001
Grade 1 0  0.0000
marital_status married 1 0.0495 0.0294 -0.0082 0.1072 2.82 0.0928
marital_status separated 1 -0.1291 0.0601 -0.2469 -0.0113 4.61 0.0317
marital_status divorced 1 0.0077 0.0366 -0.0640 0.0794 0.04 0.8330
marital_status widowed 1 -0.1366 0.0377 -0.2104 -0.0627 13.15 0.0003
marital_status unmarried 1 17.5463 6215.220 -12,164.1 12,199.15 0.00 0.9977
marital_status single 0 0.0000
Scale 1 1.1471 0.0089 1.1299 1.1646
Weibull Shape 1 0.8718 0.0067 0.8587 0.8851

Table A2. Acceleration factor ratios for deaths by heart diseases with 95% confidence interval and p-values.

95% Confidence Limits

Parameter DF Estimate Standard Error Chi-Square Pr > ChiSq
Lower Upper
Intercept 1 7.6117 0.1365 7.3442 7.8792 3110.03 <0.0001
age 1 -0.0550 0.0012 -0.0574 -0.0526 1994.50 <0.0001
stage localized 1 -0.2831 0.0411 -0.3636 -0.2025 47.40 <0.0001
stage regional 1 —-0.4630 0.0439 —-0.5491 -0.3769 111.09 <0.0001
stage distant 1 -0.6507 0.0742 -0.7960 —-0.5054 77.01 <0.0001
stage in situ 0 0.0000
TREATMENT rad_only 1 -0.1595 0.1128 -0.3806 0.0616 2.00 0.1573
TREATMENT surg-only 1 0.3351 0.0614 0.2148 0.4554 29.81 <0.0001
TREATMENT both 1 0.5650 0.0653 0.4370 0.6929 74.90 <0.0001

TREATMENT no rad/surg 0 0.0000
GRADE 2 1 -0.0777 0.0565 —0.1885 0.0331 1.89 0.1692
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Continued
GRADE 3 1 —-0.1426 0.0563 -0.2530 -0.0323 6.41 0.0113
GRADE 4 1 -0.3992 0.1033 -0.6017 -0.1966 14.92 0.0001
GRADE unknown 1 —-0.2943 0.0527 -0.3977 -0.1910 31.15 <0.0001
GRADE 1 0 0.0000
marital_status married 1 0.0878 0.0419 0.0058 0.1699 4.40 0.0359
marital_status separated 1 -0.2150 0.0755 -0.3631 -0.0670 8.11 0.0044
marital_status divorced 1 0.0141 0.0510 —-0.0858 0.1140 0.08 0.7816
marital_status widowed 1 —-0.0689 0.0426 —-0.1524 0.0146 2.62 0.1057
marital_status unmarried 1 8.9724 6705.018 -13,132.6 13,150.57 0.00 0.9989
marital_status single 0 0.0000
Scale 1 0.7301 0.0099 0.7108 0.7498
Weibull Shape 1 1.3697 0.0187 1.3337 1.4068
Table A3. Acceleration factor ratios for deaths by other causes with 95% confidence interval and p-values.
95% Confidence Limits
Parameter DF Estimate Standard Error Chi-Square Pr > ChiSq
Lower Upper
Intercept 1 5.8318 0.0816 5.6720 5.9917 5113.74 <0.0001
age 1 —-0.0407 0.0008 —-0.0422 -0.0393 2882.89 <0.0001
stage localized 1 -0.2228 0.0267 -0.2751 -0.1704 69.46 <0.0001
stage regional 1 -0.3594 0.0288 —-0.4158 -0.3031 156.19 <0.0001
stage distant 1 -0.7810 0.0466 -0.8722 —-0.6897 281.35 <0.0001
stage in situ 0 0.0000
TREATMENT rad_only 1 0.1746 0.0874 0.0032 0.3460 3.99 0.0459
TREATMENT surg-only 1 0.4002 0.0421 0.3177 0.4826 90.48 <0.0001
TREATMENT both 1 0.5550 0.0440 0.4686 0.6413 158.79 <0.0001
TREATMENT norad/surg 0 0.0000
GRADE 2 1 -0.0163 0.0364 —-0.0876 0.0551 0.20 0.6551
GRADE 3 1 —0.0842 0.0360 —-0.1548 -0.0137 5.47 0.0193
GRADE 4 1 -0.1639 0.0713 -0.3037 —-0.0241 5.28 0.0216
GRADE unknown 1 —0.1446 0.0339 -0.2111 -0.0781 18.17 <0.0001
GRADE 1 0 0.0000
marital_status married 1 0.1450 0.0259 0.0942 0.1957 31.37 <0.0001
marital_status separated 1 -0.0610 0.0508 -0.1606 0.0385 1.44 0.2296
marital_status divorced 1 0.0592 0.0315 -0.0025 0.1209 3.54 0.0599
marital_status widowed 1 0.0013 0.0278 -0.0531 0.0557 0.00 0.9616
marital_status unmarried 1 9.3137 5364.693 -10,505.3 10,523.92 0.00 0.9986
marital_status single 0 0.0000
Scale 1 0.7117 0.0066 0.6989 0.7247
Weibull Shape 1 1.4052 0.0130 1.3799 1.4309
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