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Abstract:In a Bayesian approach, uncertainty explained
by a prior distribution that contains information about an
uncertain parameter. Determination of the prior distri-
bution is important in because it impacts the posterior
inference. The objective of this study is to use meta-
analysis for proportion to obtain prior information about
patients with breast cancer stage | who undergoing
modified radical mastectomy treatment and applied
Bayesian approach. R and WinBUGS programs are
performed for meta-analysis and Bayesian approach
respectively.
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1. Introduction

Until the late 1980s, Bayesian approach was taken into account as
an alternative to the frequentists approach. At the beginning of the
21st century, Bayesian approaches become popular in science. The
main tool of Bayesian approach is probability theory. The probability
considered as a measure of the frequency of repeated events by
frequentists, while Bayesians consider as a measure of the degree of
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certainty. Since the frequentists consider parameters to be fixed and
data to be random, while Bayesians consider parameters to be random
and data to be fixed. The parameters are characterized by a prior
distribution. Frequentists throwing prior information away. In
Bayesian approach, statistical inference is based on the posterior
distribution of the parameters which obtained by combining the prior
distribution and likelihood. Because of the difficulty of the calculation
of the posterior distribution, the Bayesian approach was not handled
as a well-accepted approach for data analysis. [1] In the past few
years, to solutions problems asymptotic methods have been developed
by using computer algorithms (e.g. Gibbs sampler, Metropolis-
Hasting algorithm, and MCMC) to draw a random sample from the
posterior distribution, without having to completely evaluate it.

Determination of the prior distribution is important because it
impacts the posterior inference. If prior information is available, it
should be appropriately summarized by the prior distribution. Such
distributions are called informative distribution. In the case of no
prior information is available, we define prior as a will not affect the
posterior distribution. Such distributions are called non-informative
distribution [1]. The importance of prior distribution reveals when the
sample size is small, or the data supply only indirect information
about the parameters [3].

A suggested approach is to obtain informative prior and produce
quantitative results from published studies, meta-analysis can be
conducted. Meta-analysis refers to the statistical synthesis of results
from a series of studies. If the studies have been collected
systematically, the synthesis will be meaningful. Provide more
powerful test, summarize numerous and inconsistent findings and
investigate the consistency of effect across different samples are the
reasons of using meta-analysis [2].

Miller et al. (2009) used Bayesian adaptation of the summary roc
curve method for meta-analysis of diagnostic test performance [4].

The objective of this study is to use meta-analysis for proportion
to obtain prior information about patients with breast cancer stage-I
who undergoing modified radical mastectomy treatment and applied
Bayesian approach.
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2. Bayesian Approach

Bayesian approach is derived from the application of Bayes’
theorem, which was developed by Thomas Bayes in the 1700s. The
principle of Bayesian approach is using probabilities that are
conditional on data to explain beliefs about parameters. The Bayesian
approach also combines past knowledge into the analysis, and so it
can be viewed as the updating of prior beliefs with current data.

For 6 parameters and data Bayes’ theorem is expressed as

g(9|data) — g(0)xf(datal6) (1)

[ g(@)xf(datal@)do

A closed form of (1) existed only in a few simple cases, such as
for a normal sample with a normal prior. In other cases, the numerical
solution required had to be done for integration. In the past few years,
computer algorithms (e.g. Gibbs sampler, Metropolis-Hasting
algorithm, and MCMC) have been developed to draw a random
sample from the posterior distribution. Depending on choosing the
prior, the generated posterior distribution can impact either strongly
(subjective or informative prior) or minimally (objective or non-
informative prior).

Non-informative priors have a minimal impact on the posterior
distribution. Most used non-informative priors are Uniform and
Jeffreys’ priors. Uniform prior distribution is frequently used in
Bayesian approach because they yield non-informative priors and
proper posterior distributions. Uniform prior that gives equal weight
to all possible values. Jeffreys® prior (Jeffreys 1961) based on the
observed Fisher information matrix. Because it is locally uniform, it is
a non-informative prior. It is a useful prior because it doesn’t change
much over the region in which the likelihood is significant and
doesn’t have large values outside that range the local uniformity
property. If the prior and posterior distributions are from the same
family, such prior called conjugate prior. Conjugate priors result in
closed-form solutions for the posterior distribution, enabling either
direct inference or the construction of efficient Markov chain Monte
Carlo sampling algorithms [5].
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An informative prior dominates the likelihood, and thus it has a
visible impact on the posterior distribution. The informative prior can
be obtained by using the knowledge about parameters based on other
data or expert opinion. This information should be appropriately
summarized by the prior distribution [5].

3. Meta-Analysis for Breast Cancer

Meta-analysis collect information from multiple independent
studies in order to obtain an average estimate. Depending on the
statistic to be reported Different meta-analysis method exist.
Examples of statistics of interest include association measures such as
one-dimensional binomial or continuous measures such as
proportions or means risk difference, the difference in means, odds
ratio, risk ratio. There are three main aspects in meta-analysis: a)
create the analysis framework, b) decide the model (fixed or random)
and c) the choice of the method to estimate the heterogeneity
parameter [2].

Fixed-effects model assume that the parameter of interest is
identical across studies and the difference between the observed
proportion and the mean is only due to sampling error. In the random-
effects model, the observed difference between the proportions and
the mean consist of sampling error and other factors such as
differences in study population, study designs, etc. Each study
estimates a different parameter, and the pooled estimate describes the
mean of the distribution of the estimated parameters. The variance
parameter describes the heterogeneity among the studies and in the
case where the variance is zero, this model simply reduces to the
fixed-effects model [2].

There are three approaches to the modeling of binomial data.
First, using transformations (logit, arcsine) to an approximation to the
normal distribution and is known as the approximate likelihood
approach [6]-[8]. The second approach identifies the true nature of the
data and is known as the exact likelihood approach. In this approach,
the special relationship between the mean and the variance as
characterized by binomial data is captured by the binomial
distribution [9]. The beta-binomial distribution [10] can be used to fit
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a random-effects model such that the beta distribution describes the
distribution of the varying binomial parameters. The third approach is
a compensation between approximate and exact likelihood.

4. Data Analysis and Discussion

In this section, an empirical application to determine the
proportion of patients with breast cancer stage-I who undergoing
modified radical mastectomy treatment in Bayesian approach was
considered.

To obtain the posterior distribution of the proportion of the patients
with breast cancer stage-l who undergoing modified radical
mastectomy treatment, first, non-informative priors (flat and Jeffreys’
priors) and informative priors used, respectively. In any case, it is
most convenient to represent prior to a beta distribution for a single
proportion.

Second, the likelihood of the data x needs to be constructed. Since
the observed events (patients with breast cancer stage-1 who
undergoing modified radical mastectomy treatment) ri are assumed to
have a binomial distribution with parameters pi and sample size ni,

ri ~ binomial(pi, ni) 2

The non-informative priors was selected as Beta(1,1) (flat) and
Beta(0.5,0.5) (Jeffreys’).

Informative prior was determined by conducting a meta-analysis.
Three electronic databases EMBASE, PubMed, and Cochrane
Controlled Trials Register Databases were searched for studies on
patients with stage-1 breast cancer who were treated with modified
radical mastectomy. The search for studies was restricted to studies
published in English-Turkish language. The following search terms
were used: (early stage breast cancer OR early stage breast carcinoma)
AND (mastectomy OR modified radical mastectomy OR radical
mastectomy). Studies with MRM were considered for inclusion if
they reported raw data available for stage knowledge and a clearly
defined type of surgery. Studies published in other language were
excluded. Women with early (stage-1) breast cancer undergoing
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MRM who did not have a history of prior cancer and evidence of
metastatic disease were included.

By database search strategy yielded a total of 932 candidate
abstracts. 19 satisfying inclusion criteria. In all, 19 studies including a
total of 22733 patients. The analysis was carried out using R software.

In the systematic review, the random effects model (because of
studies combined from published literature) with the exact likelihood
approach (p) measure of treatment effect was used throughout. The
meta-analysis contained 19 studies having large sample sizes ranging
between 30 and 14249. For calculating the weights inverse variance
method and to estimate the between-study variance ( 72 ),
DerSimonian-Laird method was used. The result was summarized in
Forest plot which was given in Figure 1.

Study Events Total Proportion 95%-Cl1 Wirandom)
Litiere 5. et af2012){11] 20 = : 016 [0.13;020] 5.5%
Colak T. etal (2008)12] 59 185 — 032 [0.250.39] 52%
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Selouk 5. etal (2005)14] 5 25 —+=—— 020 [0.07,0.41] 40%
Holmberg L etal {1989)15] 36 62 P 058 [045 0.70] 415%
Horiguchi J_ etal {2002)16] 32 109 — 029 [0.21;039] 50%
Parviz M etal 2003)[17] 109 312 — 035 [0.30,041] 54%
Barlow W F_et al (2001){18] 140 183 : — 077 [0.70,082] 53%
ChenZ etal (2015)19] 80 112 ; —— 071 [0.62,0.80] 50%
Onifilo A A_etal {2015)20] 675 1995 034 [0.32,036] 56%
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Zhou J_ etal (2013)P6] 1050 2736 038 [0.37,0.40] 56%
Curran D. et al {1998)a [27] 14 127 =+ ‘ 011 [0.06,0.18] 53%
Curran D. et al (1998)b27] 5 205 — 019 [0.15,0:24] 54%
Fleanor D Ftal {1984)§28] 24 128 - 031 027,034 5.5%,
Random effects model 22733 = 0.36 [0.30; 042] 100%
ity: Fsepr 98.6%, Qe 54, pef.008T H

010203 04050607 08

Figure 1: Forest plot for stage-I

Forest plot in a meta-analysis can principally be divided into six
columns. Individual study results are displayed in rows. The first
column ("study") lists the individual study ID's included in the meta-
analysis. Second and third columns represent the number of outcomes
and a total number of participants. The fourth column visually
displays the study results. The size of the box is directly related to the
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"weighting" of the study in the meta-analysis. The weighting ranging
between 4 and 5.6.The horizontal line (Whiskers) through the boxes
depict the length of the confidence interval. The longer the lines, the
wider the Cl, the less precise the study results. The diamond in the
last row of the graph illustrates the pooled result of the meta-analysis.
The width of the diamond depicts the width of the pooled CI. The
pooled proportion was 0.36 (95% CI, 0.30 to 0.42), At the bottom of
the graph on the left hand the most reliable test for heterogeneity. It
ranges between 0 and 100% measures the variability between studies
in the meta-analysis. The results indicated significant heterogeneity
between study (Q=1309.77, p<0.0001) with I? =98.6% , which
means that 99% of observed variance comes from real differences
between studies.

To assess the publishing bias, Egger's bias coefficients for
proportion was selected. The Egger's test was 1.25 and p-value =0.69
greater than 0.05 so the test did not suggest the presence of bias.

A flexible choice of a prior distribution for a Binom probability is
Beta(o,) The mean of a Beta distribution is «/(a + ) and variance
aB/[(a+ B)*(a+ B +1)]. In random effect model the pooled
estimate describes the mean of the distribution of the estimated
parameters. The pooled proportion was 0.36 and variance 0.0164 and
was solved for a and B. The results was showed that Beta(4.73,8.35)
was sensible.

To assessment of the influence of priors on posterior distribution,
randomly observed events for different sample size (10, 50, 100 and
1000) was simulated. The analysis was done by using the
commercially available WinBugs software employing the Markov
chain Monte Carlo (MCMC) methodology. The Bugs language
allows a concise expression of the parametric model to denote
stochastic relationships and to denote deterministic relationships.
Thus, using an MCMC method of parameter estimation with
informative and non-informative priors, one is able to obtain the
posterior estimates and credible regions of estimates of these effects.
Graphical displays of convergence history and posterior densities
affirm the stability of the results.
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Table 1: Posterior estimates, credible regions and DIC

Prior Distribution Mean SD MC 2.5% 97.5% DIC

error

For x=2 and n=10
Beta(1,1) 025 0.12 0.0008 0.06 0.52 4.026
Beta(0.5,0.5) 023 0.12 0.0008 0.04 0.51 4.258
Beta(4.73,8.35) 0.29 0.09 0.0006 0.13 0.49 3.562

For x=16 and n=50

Beta(1,1) 0.33 0.06 0.0004 0.21 0.46 6.277
Beta(0.5,0.5) 032 0.07 0.0004 0.20 0.46 6.336
Beta(4.73,8.35) 0.33 0.06 0.0004 0.22 0.45 5.888
For x=26 and n=100
Beta(1,1) 0.26 0.04 0.0003 0.18 0.35 6.777
Beta(0.5,0.5) 0.26 0.04 0.0003 0.18 0.35 6.811
Beta(4.73,8.35) 0.27 0.04 0.0003 0.19 0.36 6.590
For x=173 and
n=1000
Beta(1,1) 0.17 0.01  0.00009 0.15 0.20 8.745
Beta(0.5,0.5) 0.17 0.01  0.00009 0.15 0.20 8.747

Beta(4.73,8.35) 0.18 0.01  0.00009 0.15 0.20 8.734

Table 1 presented posterior estimation and credible regions with
Beta priors. To determine the number of iterations to obtain samples
that can be used for posterior inference. By saving the more samples,
the more accurate will be obtained in posterior estimation. One way to
assess the accuracy of the posterior estimates is by calculating the MC
error for each parameter. As a rule of thumb, the simulation should be
run until the MC error for each parameter of interest is less than about
5% of the sample standard deviation (SD). The iterating process was
carried beyond 25,000 that the estimates proved to be very stable. To
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reduce the potential bias, the first 2,500 samples as burn-in was
discarded. Table 1 showed that, as sample size increases the effect of
prior on posterior distribution played a much smaller role. For all
condition the informative prior had smaller Deviance Information
Criteria (DIC), that means better supported by data.

Figure 2 displayed posterior densities and convergence history
for all three priors. Note that in the case of sample size was small,
only informative prior of the proportion had symmetry in the posterior
densities. The history plots looked like nice oscillograms around a
horizontal line without any trend. The Markov chain was most likely
to be sampling from the stationary distribution and is mixing well.
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Figure 2 Marginal posterior densities and history plots of proportion
4. Conclusions

One of the advantages of Bayesian approach on frequentist
approach is to use both source of information: the prior information
and the information about the process included in the data. In the case
of no prior information is available, the prior should be defined as a
minimal impact on the posterior distribution. If prior information is
available, it should be appropriately summarized by the prior
distribution.

A suggested approach is to obtain informative prior and produce
guantitative results from published studies. To achieve this aim meta-
analysis was conducted. By conducting meta-analysis more powerful
and consistency of prior information was obtained.

The probability of patients with breast cancer stage-l who
undergoing modified radical mastectomy treatment was considered.
Informative prior was obtained via meta-analysis for proportion. To
reveal the effectiveness of informative prior, Bayesian approach was
applied to different sample size (10, 50, 100 and 1000) of breast
cancer patients who undergoing modified radical mastectomy
treatment with randomly observed stage-I patients and was compared
with non-informative prior results. The results showed that, especially
for small sample size, informative prior had smaller Deviance
Information Criteria (DIC), that means better supported by data.
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