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Abstract

Background:The hazard function is defined as time-dependent. However, it is an overlooked area of research about the estimation of hazard function within
the frame of time.The possible explanation could be carried by estimating function through the changes of time points. It is expected that it will provide us
the overall idea of survival trend.This work is dedicated to propose a method to work with piecewise hazard rate. It is a data-driven method and provides
us the estimates of hazard function with different time points. Methods: The proposed method is explored with prostate cancer patients, registered in the
Surveillance, Epidemiology,and End Results Program and having aged at diagnosis with range 40—80 years and above.A total of 610,814 patients are included
in this study. The piecewise hazard rate is formulated to serve the objective. The measurement of piecewise hazard rate is compared with Wald-type test
statistics, and corresponding R function is provided.The duration of follow-ups is split into different intervals to obtain the piecewise hazard rate estimates.
Results: The maximum duration of follow-up observed in this study is 40 years. The piecewise hazard rate changes at different intervals of follow-ups
are observed almost same except few later intervals in the follow-up. The likelihood of hazard in earlier aged patients observed lower in comparison to
older patients. The hazard rates in different grades of prostate cancer also observed separately. Conclusion: The application of piecewise hazard helps
to generate statistical inference in a deeper manner. This analysis will provide us the better understanding of a requirement of effective treatment toward

prolonged survival benefit for different aged patients.
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Introduction

There have been significantly more deaths due to prostate
cancer among patients with the age group of 62-76 years in
comparison to age <61 years.!!l It sparked us to dig a better
estimate about the influence of age on prostate cancer deaths.
We are interested to get estimates of hazard function those are
changing with time point. Three important parameters, that is,
duration of survival, reasons for death, and age of patients are
required for estimates of hazard function. Since we are trying
to establish hazard function with reference to different ages
in years, it is also an important to initiate the work with a
high amount of sample size data. The age-wise classification
of data created several strata with small sample size. Unless
our cohort data are not large enough in size, it is difficult to
establish the robust statistical inference with hazard functions
for different ages in years. A relatively large sample size
data on prostate cancer were obtained from the Surveillance,
Epidemiology, and End Results (SEER) Program (www.seer.
cancer.gov) Public-Use Data (1973-2014), National Cancer
Institute.

It is true that prostate cancer is a deadly disease. However,
prostate cancer is observed with prolonged survival. There are
always possibilities that the patients may be exposed due to
other causes of death. The management to prolong the duration
of survival is always interest in any clinical practice. However,
the challenge to prolonging the survival for the younger
patient is not same for older patients. For instance, the effort
to prolonging the survival of a 40-year-old patient to 41 years
is not same for the 60-year-old patient to his 61 years.>*! The
reason is the presence of different life expectancy in different
age groups. It is obvious that older patients will be diagnosed
with prostate cancer with several comorbidities. It becomes
difficult to cover the minimum label of life expectancy in
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the general population for an older prostate cancer patient in
the presence of different comorbidities. Simultaneously, the
younger prostate cancer patient may be free from different
comorbidities, but covering their life toward average life
expectancy is another challenge due to the long gap of years
between their age and life expectancy in the general population.
In this circumstance, we preferred to use piecewise hazard to
capture the magnitude of mortality risk in different age groups
due to prostate cancer. Hence, the objective of this study is
to estimate the hazard functions that are changing with time.
While searching with work on piecewise hazard function, it
has been observed that the single change-point analysis with
hazard function** and multiple change-point analysis are
attempted.l? We adopted the data-driven approach for detecting
the number of change points with piecewise hazard function.
The results were further compared with likelihood ratio test!”)
with piecewise hazard estimates.[>1%

Piecewise Hazard Function

The idea to compare treatment effect by cumulative risk of
event is useful to quantify the ultimate treatment benefit.''?! In
our motivating context, the theoretical quantities of interest are
the survival benefit in a specific time intervals and identify the
necessary steps to modify the treatment management strategy.
Let the total time point is measured with interval (0, 7,). The
total time interval is split into 7, —7,,7, —7,,.. Tk—7k-1 Where
0=r7,<7 <....<7, . The corresponding hazard is defined as
0=g,<g <...<g and g =1.

The piecewise constant hazard function is defined®! as follows:

k
h(t)=h,Y 71, (1) with I, (1) =1if 7, <t < 7,,, othwise ], (1) =0
1=0
(1
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The survival function is:
S(1)=exp(~H[£)) @)
The cumulative hazard is obtained as follows:

H(t)=jh(s)ds=h0,i_glj1,(s)ds 3

Piecewise Hazard with Multiple Testing Problem

The terms X ,... X denote independent identically distributed
survival times and C ,... C_be the censoring times which are
assumed to be independently of X. We only observe the pairs.

(1;,0,,i=12,....n) where T, =min(X,,C,) andi=1if

o, =1if X, <C,

and zero otherwise. Considering the following change-point
model,

where 0<7, <7, <....<7, =© are the change points, k the
number of change points in the model, and &; the value of the

hazard function between the time points 7, and 7;.

We propose a maximum likelihood estimates to estimate the
unknown parameters. Based on Equation (1), the log-likelihood

function is formulated as follows:
k+1

LogL(al,az,....,aM,rl,....rk)=Z[X(rj)—X(rj_l))]logaj
=

0 ke 4)
N zzaj (];VT;’ - T;VTj—l )

i=1 j=1

Where X(1)=DI(T<t,6,=1) is the number of death

i=1
observed up to time t with $\tau_{j}, j = 1., k$ fixed, some
algebra yields that the maximizes of t,j=1...k+1 are given
by:
L XE)-X@, ) "
LY (Tve, -ve )T > )
Substituting these values into log L gives the profile likelihood

for $\tau {j}$’s, which can be expressed as:
k+1

l(rl,rz,...,z'k)=Z{X(z'j)—X(r/._l)}

Jj=1

X(@)=X(,) ©
(Zf:](zvrj - ZVTH))I(T >7.)

log

We then maximize /(7,,7,,...,7,) with respect to 7,/ =1,...k
and insert the obtained values back to T, j=L.k+1 for
MLEs of «;

Now, the objective is to identify the changes of 7;. It can be
confirmed through the hypothesis test with H,:7, -7, =0.
The representation of 7,can be prepared by different factors.
In this work, it is assumed with age. It is explored that 7; and
7, are independent in nature.”! The Wald-type test statistics is
as follows:

x o G mh) )

Var(fk—l - fk)

It follows the Chi-square test statistics with one degree of
freedom under null hypothesis. We wrote an R function, called
Wald Test (), which allows to perform test statistics. Its source
code is reported in Appendix A.
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Data analysis

The proposed method is explored with prostate cancer data,
the SEER Program (www.seer.cancer.gov) Public-Use Data
(1973-2014), National Cancer Institute, with a follow-up till
December 2014. The cancer incidence and survival status of the
patients are included in this data set. There are several causes of
death among patients included in these data. However, we only
consider the causes of death due to prostate cancer and censored
cases. Deaths due to other causes are excluded for this analysis.
In this data set, there are other subsites of prostate cancer such
as “Prepuce,” “Glans penis,” “Body of penis,” “Overlapping
lesion of penis,” “Penis, NOS,” “Prostate gland,” “Undescended
testis,” “Descended testis,” “Testis, NOS,”

“Epididymis,” “Spermatic cord,” “Scrotum, NOS,” “Other
specified parts of male genital organs,” “Overlapping lesion
of male genital organs,” and “Male genital organs, NOS” are
excluded from this analysis to maintain the level of consistency
as much as possible.

Results

A total of 610,814 patients are included in this study.
Registered patients died due to prostate cancer or censored are
included in this study. Initially, we prepared the descriptive
statistics to check the occurrence of prostate cancer with respect
to age. It is observed that there are very less number of cases
of age at diagnosis of up to 40 years. Thus, in some age at
diagnosis, it is observed with zero count or very less number
of prostate cancer cases. Our intention is to present hazard rate
for each age at diagnosis due to prostate cancer. However, it is
not feasible due to zero-inflated or very less count represented
prostate cancer cases in different ages at diagnosis, although
the sample is very large. These very less count number of
cases are explored with percentage with reference to the cohort
size, that is, 611,133 and many times, these are observed
with frequencies with zero with two decimal places. Only age
at diagnosis observed with cumulative frequencies 0.01 or
more is included in this study from a cohort size of 611,133.
Finally, only patients of age at diagnosis minimum 40 years are
included in this study. The graphical representation of a number
of cases and their death rate at different ages at diagnosis is
detailed in Figure 1. The count table with cases and deaths is
presented in Table 1. In the next step, we split the duration
of survival into different survival intervals by 7,, where 7,
represents 0-20 months and 7,_, as 20—40 months. Under the
null hypothesis testing, it is assumed that 7, =7,_,, where
k=1 to 11. However, to avoid the multiple testing problems,
the hypothesis tests are performed with £ >k — 1 and £ = 1 to
11. The upper limit of & is defined 39 (i.e., 39 months) because
the maximum duration of follow-up with death occurrences in
this data set is observed with 468 months, that is, 39 years.
Therefore, a total of 38 survival intervals are generated with
12-month window from the observed duration of survival.
The outcomes with piecewise hazard estimates and 95%
lower control limit (LCL) and upper control limit (UCL) are
presented with Figure 2. The numerical outputs are presented
in Table 2. There are four different grades. The piecewise
hazard estimates adjusted with different grades are presented
in Table 3. The results show that no significant changes in
piecewise hazard estimates are observed between different ages
at prostate cancer diagnosis. It shows that the initial duration
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Table 2: Piecewise hazard ratio estimates in different survival intervals in months

Interval 7l T2 Hazard Function 95% C.I Wald-statistics P
1 0 12 0.94 (0.94,0.94) 0.000 0.989
2 13 24 0.94 (0.94,0.94) 0.180 0.671
3 25 36 0.95 (0.94,0.95) 0.002 0.964
4 37 48 0.94 (0.94,0.95) 0.001 0.979
5 49 60 0.95 (0.94,0.95) 0.000 1
6 61 72 0.95 (0.94,0.95 0.003 0.96
7 73 84 0.94 (0.94,0.95) 0.120 0.729
8 85 96 0.95 (0.95,0.95) 0.001 0.974
9 97 108 0.95 (0.95,0.96) 0.000 0.985
10 109 120 0.95 (0.95,0.96) 0.018 0.893
11 121 132 0.95 (0.94,0.95) 0.000 0.988
12 133 144 0.95 (0.94,0.95) 0.021 0.883
13 145 156 0.95 (0.95,0.96) 0.001 0.975
14 157 168 0.95 (0.95,0.96) 0.010 0.918
15 169 180 0.95 (0.94,0.95) 0.005 0.943
16 181 192 0.95 (0.95,0.96) 0.003 0.958
17 193 204 0.96 (0.95,0.97) 0.002 0.965
18 205 216 0.95 (0.95,0.96) 0.001 0.977
19 217 228 0.95 (0.94,0.96) 0.005 0.943
20 229 240 0.95 (0.94,0.96) 0.043 0.836
21 241 252 0.96 (0.95,0.97) 0.001 0.973
22 253 264 0.96 (0.95,0.97) 0.007 0.932
23 265 276 0.97 (0.95,0.98) 0.002 0.964
24 277 288 0.97 (0.96,0.99) 0.004 0.949
25 289 300 0.96 (0.94,0.98) 0.000 0.997
26 301 312 0.96 (0.93,0.99) 0.000 0.987
27 313 324 0.96 (0.92,0.99) 0.023 0.878
28 325 336 0.98 (0.95,1.00) 0.002 0.967
29 337 348 0.96 (0.94,0.99) 0.010 0.922
30 349 360 1.00 (0.93,1.09) 0.051 0.821
31 361 372 0.96 (0.90,1.02) 0.000 0.099
32 373 384 0.95 (0.85,1.07) 0.041 0.839
33 385 396 0.88 (0.75,1.04) 0.031 0.861
34 397 408 0.96 (0.82,1.12) 2.430 0.119
35 409 420 0.93 (0.81,1.07) 0.005 0.938
36 421 432 1.00 (0.84,1.19) Inf 0
37 433 444 0.93 (0.79,1.09) 0.008 0.926
38 445 456 1.03 (0.93,1.15) 0.007 0.93
39 457 468 0.87 (0.57,1.34) inf 0
u : L o E Y FE
£ - A 11 A ¥
° 4 9 0 N o8 9 W 4 9 60 nm o % 1w 4 9 0 N v % W knk

b i s Figure 2: Piecewise hazard rate estimated in different survival duration
§ ; intervals
i /! § ,:m"a
?, s og Sy However, few significant changes observed intervals in 25 (25)
*g it is ;f o and to 39 (39) onward. However, in most of these cases, this
i \ I F S K interval is not observed significantly different with upper and
N T B T lower confidence intervals. Hence, our null hypothesis not

4 % 0 1 oW 9 W 4 9 0 1 ¥ 9 1w 4 9 0 1 » N W
Ageat Dagrsis AgealDagoss Aoeal D T ej ected.

Figure 1: Distribution of age at diagnosis, number of prostate cancer cases,
and death due to prostate cancer

of follow-up of the hazard rates is almost equal in the entire
interval and not significantly different in any age at diagnosis.
South Asian Journal of Cancer ¢ Volume 8 ¢ Issue 3 & July-September 2019

In the final step, we performed the age-adjusted piecewise
hazard estimates to test the real impact of age at diagnosis on
hazard rate in prolonged survival of prostate cancer. Patients’
age at diagnosis 40 years and above are considered in this
step. However, patients’ age at diagnosis 80 years and above
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Table 3: Piecewise Hazard Ratio Estimates in Different Survival Intervals in Months for Grade I, II, III and IV

1 0 12 0.94 (0.93,0.94) 0.01 0.93 1 0 12 0.95 (0.94,0.95) 0.033 0.855
2 13 24 0.91 (0.88,0.95) 0 0.98 2 13 24 0.93 (0.92,0.94) 0 0.983
3 25 36 0.91 (0.88,0.95) 0.71 0.4 3 25 36 0.93 (0.93,0.94) 0.018 0.892
4 37 48 0.92 (0.89,0.95) 0.15 0.7 4 37 48 0.94 (0.93,0.95) 0.068 0.794
5 49 60 0.88 (0.84,0.92) 0.09 0.77 5 49 60 0.94 (0.94,0.95) 0.0012 0.971
6 61 72 0.89 (0.82,0.97) 0.09 0.76 6 61 72 0.94 (0.94,0.95) 0.003 0.95
7 73 84 0.9 (0.81,0.99) 0 0.99 7 73 84 0.94 (0.93,0.95) 0.012 0.91
8 85 96 0.9 (0.83,0.97) 0.01 0.92 8 85 96 0.94 (0.94,0.95) 0 0.994
9 97 108 0.9 (0.83,0.98) 0.12 0.73 9 97 108 0.94 (0.94,0.95) 0.001 0.974
10 109 120 0.88 (0.83,0.93) 0.44 0.51 10 109 120 0.95 (0.94,0.96) 0.009 0.967
11 121 132 0.93 (0.88,0.98) 0.04 0.84 11 121 132 0.95 (0.94,0.95) 0.021 0.923
12 133 144 0.91 (0.86,0.95) 0.01 0.91 12 133 144 0.95 (0.95,0.96) 0 0.882
13 145 156 0.92 (0.88,0.95) 0.02 0.89 13 145 156 0.96 (0.96,0.97) 0.008 0.975
14 157 168 0.9 (0.87,0.94) 0.04 0.89 14 157 168 0.96 (0.96,0.97) 0.003 0.924
15 169 180 0.91 (0.88,0.94) 0.02 0.85 15 169 180 0.95 (0.95,0.96) 0.003 0.951
16 181 192 0.93 (0.91,0.96) 0.61 0.88 16 181 192 0.96 (0.95,0.97) 0.004 0.953
17 193 204 0.95 (0.92,0.98) 0 0.44 17 193 204 0.97 (0.96,0.97) 0.005 0.947
18 205 216 0.95 (0.92,0.98) 0 0 18 205 216 0.96 (0.95,0.97) 0 0.981
19 217 228 0.95 (0.93,0.98) 0.94 0.97 19 217 228 0.96 (0.95,0.97) 0.001 0.972
20 229 240 0.93 (0.90,0.95) 0.1 0.33 20 229 240 0.95 (0.94,0.97) 0.009 0.92
21 241 252 0.97 (0.95,1.00) 0.02 0.75 21 241 252 0.97 (0.95,0.98) 0 0.998
22 253 264 0.94 (0.92,0.97) 0.08 0.88 22 253 264 0.97 (0.95,0.98) 0.001 0.965
23 265 276 0.98 (0.95,1.01) 0 0.77 23 265 276 0.96 (0.94,0.98) 0.019 0.887
24 277 288 0.96 (0.93,1.00) 0.02 0.96 24 277 288 0.98 (0.97,1.00) 0.005 0.954
25 289 300 0.98 (0.94,1.02) 0 0.89 25 289 300 0.96 (0.93,0.99) 0.001 0.973
26 301 312 0.96 (0.92,1.00) 0.01 0.95 26 301 312 0.97 (0.93,1.02) 0.003 0.95
27 313 324 0.98 (0.93,1.04) 0.05 0.94 27 313 324 0.95 (0.90,1.00) 0.018 0.892
28 325 336 0.95 (0.89,1.01) 0 0.82 28 325 336 1 (0.94,1.05) 0.031 0.858
29 337 348 0.95 (0.86,1.05) 0.02 0.1 29 337 348 0.9 (0.83,1.01) 0.042 0.836
30 349 360 0.99 (0.91,1.08) 0 0.99 30 349 360 1.06 (0.87,1.28) 0.031 0.849
31 361 372 1 (0.90,1.11) 0.03 0.85 31 361 372 0.96 (0.88,1.04) 0.658 0.417
32 373 384 0.94 (0.81,1.09) 0.03 0.85 32 373 384 0.01 (0.89,1.02) 3.585 0.058
33 385 396 0.84 (0.66,1.06) 0.03 0.86 33 385 396 0.87 (0.67,1.13) 0.004 0.944
34 397 408 0.97 (0.77,1.22) 0.03 0.86 34 397 408 0.98 (0.77,1.24) 0 0.995
35 409 420 0.87 (0.71,1.07) 0.02 0.88 35 409 420 0.97 (0.77,1.22) 0.006 0
36 421 432 1.11 (0.60,2.05) Inf 0 36 421 432 0.83 (0.78,0.89) 0.014 0
37 433 444 0.21 (0.00,0.38) 0.1 0.75 37 445 456 0.87 (0.40,1.89) 0.172 0.678
38 445 456 0.88 (0.41,1.90) 0.17 0.68 38 457 468 0.02 (0,0.1.95) 0.182 0.574
1 0 12 0.96 (0.95, 0.96) 0.004 0.944 1 0 12 0.93 (0.83,1.05) 0.001 3974
2 13 24 0.95 (0.95, 0.96) 0.004 0.944 2 13 24 0.94 (0.84,1.06) 0.001 0.099
3 25 36 0.95 (0.95, 0.96) 0.005 0.94 3 25 36 0.94 (0.85,1.03) 0.047 0.827
4 37 48 0.96 (0.95, 0.96) 0.006 0.934 4 37 48 1 (0.91,1.10) 0.291 0.589
5 49 60 0.96 (0.96, 0.97) 0.023 0.877 5 49 60 0.87 (0.75,1.01) 0.17 0.679
6 61 72 0.96 (0.96, 0.97) 0 0.991 6 61 72 1.01 (0.92,1.12) 0.01 0.916
7 73 84 0.96 (0.95, 0.97) 0.005 0.938 7 73 84 0.98 (0.91,1.06) 0.006 0.935
8 85 96 0.97 (0.96, 0.97) 0.024 0.875 8 85 96 0.95 (0.88,1.03) 0.003 0.954
9 97 108 0.97 (0.96, 0.98) 0.001 0.967 9 97 108 0.96 (0.83,1.11) 0.001 0.099
10 109 120 0.97 (0.97, 0.98) 0.001 0.972 10 109 120 0.96 (0.84,1.09) 0.001 0.971
11 121 132 0.97 (0.96, 0.98) 0.003 0.956 11 121 132 0.94 (0.84,1.05) 0.217 0.641
12 133 144 0.96 (0.95, 0.97) 0.003 0.956 12 133 144 0.76 (0.57,1.02) 0.001 0.98
13 145 156 0.95 (0.94, 0.97) 0 0.982 13 145 156 0.79 (0.48,1.31) 0 0.984
14 157 168 0.95 (0.94, 0.97) 0 0.984 14 193 204 0.87 (0.53,1.43) 0.001 0.974
15 169 180 0.96 (0.94, 0.97) 0.001 0.974 15 205 216 0.62 (0.26,1.48) 0 0.996
16 181 192 0.96 (0.94, 0.97) 0 0.996 16 217 228 1.13 (0.78,1.62) 0 0.976
17 193 204 0.95 (0.93,0.97) 0 0.976 17 229 240 1.13 (0.90,1.41) 0.142 0.706
18 205 216 0.97 (0.94,0.99) 0.031 0.859 18 241 252 0.87 (0.68,1.12) 0.13 0.717
19 217 228 0.97 (0.94,0.99) 0 0.0994 19 253 264 1.1 (0.74,1.65) Inf 0
20 229 240 0.94 (0.91,0.97) 0.014 0.904 20 289 300 0.97 (0.89,1.05) Inf 0
21 241 252 0.96 (0.93,0.99) 0.011 0913 21 337 348 1.1 (0.78,1.53) 0.019 0.89
Contd...
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Table 3: Contd...

22 253 264 0.97 (0.93,1.00) 0 0.979 22 253 264 0.97 (0.93,1.00)
23 265 276 1 (0.96,1.03) 0.018 0.891 23 265 276 1 (0.96,1.03)
24 271 288 0.97 (0.92,1.01) 0.005 0.939 24 277 288 0.97 (0.92,1.01)
25 289 300 0.97 (0.89,1.05) 0 0.995 25 289 300 0.97 (0.89,1.05)
26 301 312 1 (0.88,1.14) 0.965 26 301 312 1 (0.88,1.14)
27 313 324 0.9 (0.76,1.08) 0.007 0.932 27 313 324 0.9 (0.76,1.08)
28 325 336 0.95 (0.81,1.11) 0.004 0.949 28 325 336 0.95 (0.81,1.11)
29 337 348 1.1 (0.78, 1.53) 0.05 0.822 29 337 348 1.1 (0.78,1.53)
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Figure 3: Piecewise hazard estimates in different ages at diagnosis

are classified into the same category. The maximum age at
diagnosis is observed with 107 years. In this step, the duration
of survival is split into a maximum of 11 different intervals
by 7, where 7,_, represents by 0—20 months and %;— as
20-40 months. Reason to prepare less number of intervals
in comparison to earlier step is because of the presence of
less number of patients in different survival durations with
age-adjusted data. In addition to that, we observed that in
some survival intervals, the estimates are failed to generate
due to limited number of cases. However, those are observed
for prolonged survival intervals not for initial intervals. The
problem is overcome by extending the duration of survival
interval with longer window. For example, if we failed to
generate piecewise hazard estimate for interval between
280 and 300 months, then interval is extended up to 280 and
320 months and piecewise hazard is generated thereafter. If we
South Asian Journal of Cancer ¢ Volume 8 ¢ Issue 3 & July-September 2019

still failed to generate the estimate, then it further extending
into 280-340 months. A total of 10 intervals are generated.
The corresponding estimates of piecewise hazard estimates are
provided through Figure 3. The similar hypothesis is assumed
with 7, =7, where k =1 to 11.

The outcomes with hazard rate and 95% LCL and UCL are
presented with Figure 3. The numerical outputs are presented
in Tables 4 and 5. The graphical representations are provided
in Figure 3. Figure 3 provides that in the initial duration of
follow-up, the hazard rates are higher in older age patients.
While we shifted the duration of survival from 20 to 40 months
and thereafter 40—60 months, it shows that the hazard rate in
older age patients was started to decline. However, the hazard
rate for younger age patients steadily inclined through increases
of duration of survival. However, at the end of duration
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of survival, the hazard rate in younger and old patients is
maintained with similar hazard rate. It can be concluded that
prostate cancer is more fatal in older age group patients after
diagnosis. However, in longer duration, it becomes more fatal
in the younger patient as compared to older.

Discussion

There are very limited applications observed with piecewise
proportional hazard model. The application of piecewise
proportional hazard is observed to determine the hormone
therapeutic effect in women’s health.!'¥ It is also used to
compare the infant and early childhood mortality rates.['!
The risk of home hemodialysis utilization in Canada and
their corresponding risks are compared through piecewise
proportional hazard function.!'! It is always better to start with
conventional hazard rate, due to the conditional in nature, and
easy to handle with time-dependent treatment.!'”'¥! However,
it is not suitable with multiple timescales.'” The piecewise
Poisson model is found suitable to work with multiple
timescales to evaluate the impact of event by likelihood ratio
test.”? In this work, we also used the likelihood ratio results
through Wald-type test statistics.

The estimates of hazard function are feasible to use to develop
prediction score as well. It will provide us another dimension
about the establishment of therapeutic effect. It may be
important toward health policy decision. With an enhanced
understanding of the hazard function estimation with time point,
we can improve the estimation procedure.

By analyzing the change of hazard for different age groups
from SEER data, we can establish the different phases in
mortality risk in prostate cancer patients. We identified that
age more than 40 years is highly affected by prostate cancer
death. The death due to prostate cancer becomes influential
after 40 years and above.

The duration of follow-up in prostate cancer patients is
relatively large. However, interpretation about causes of
death among prostate cancer patients is relatively difficult
in comparison to other types of cancer. Since during the
prolonged follow-up period, patients could be exposed
with several other causes and other causes may jointly and
separately be able to decline the duration of survival. It is
assumed that patients will be exposed more number of causes
to penetrate their death as long they survived. In this situation,
the age of the patients as separate factor is considered in this
study. The time-varying effects and biologically plausible
interactions are also required to be considered. In such a way,
the model could be complex and piecewise hazard function
could be appropriate tools.

One recent study on SEER confirmed that the prostate
cancer patients with conservatively managed, localized, and
well-to-moderately differentiated prostate cancer observed with
8% 9% incidence of mortality between 10 years from the date
of diagnosis.?” It is also concluded that majority of prostate
cancer cases die due to other causes. The other cause like
lifestyle is required to be modified.?"
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