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Abstract. Oncological diseases are really serious, because they are already occurring in childhood and
their number is growing rapidly. This problem is very dangerous not only for the European population, but
also for the population all over the world. The Bayesian theory of credibility, in particular the binomial/beta
model, can be appropriate method to determine the probability of incidences and mortalities, especially in
cases of insurance companies. The main aim of this article is to evaluate these probabilities using the
binomial/beta model and compare the advantages of Bayesian estimates tothe maximum likelihood
estimations based on trachea, bronchus and lung cancers in the Czech Republic and Ukraine. Data are
obtained from the databases of WHO and OECD.
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Koneyka Jlyyis,
iHJICeHep, acnipanm, Kagheopa mamemamuxu mda KITbKICHUX Memodis, (axyivmem eKOHOMIKU
ma ynpaeninus, Yuieepcumem Ilapoyoiye,Yecoka Pecnyonixka

BAHECIBCHKA OIIHKA HMOBIPHOCTI 3AXBOPIOBAHOCTI TA
CMEPTHOCTI BIl ObPAHUX HEBE3IIEYHUX XBOPOb

Anomauia. Onxonoziuni 3axe0pio6ants € cnpasoi Hebe3neuHuMU, OCKIIbKU 8OHU 8Jice 3 ABNAIOMbCA 8
OumuHcmai 1 ix Kinbkicms cmpimko 3pocmace. L{s npobnema € ne minvku Hebesneunoio 0as Hacenenus €eponu,
ane U 01 6cvbo2o cgimy 3azanom. baiicciecvka meopis timogipnocmi, 30kpema Oinomianvna / 6ema-mooens,
Modice Oymu  Memooom, NpUOamHUM Oisl BUSHAYEHHS UMOGIPHOCMI BUNAOKI8 3AX80PHIEAHOCMI MaA
cmepmuocmi, 0COOUBO CIMOCOBHO OILIbHOCHI cmpaxosux komnanit. OcHosHa Mema yiei cmammi - OyiHumu
Yi MOBIPHOCII 3a O0NOMO2010 DIHOMIANLHOI / bema-modeni ma nopieHamu nepegazu 6ANUECIBCLKUX OYIHOK 3
OYIHKAMU MAKCUMATILHOT UMOBIPHOCIIE HA OCHOBI OQHUX NPO 3AX60PIOGAHICTNb MA CMEPMHICMb HA paAK mpaxei,
oponxis ma neeensv y Yecwkit Pecnyoniyi ma Yxpaiui. Hlokasnuku 6yno ompumaro 3 6az oanux BOO3 ma
OECP.

KirouoBi ciioBa: MeToau oniHky, OiHOMianbHa/6eTa-MoA€eNb, Tpaxes, pak OpOHX Ta JIET€Hb.

Statement of the problem. Serious oncological focused on revealing factors which influence health of
diseases belong to the diseases which affect population population [2], [10], [12].
all over the world. Incidences of these diseases have Many publications describe possibilities of
tendencies to grow, specifically in many European estimating of unknown parameters of probability
countries, which can be cause by factors such as distributions. For details see [1], [3], [4], [5], [7], [8],
consumption of alcohol and tobacco, obesity, stress, age [9], [11] and [13].
structure of population, availability of health care, socio- Jindrova & Kopecka [3], Kopecka & Pacakova [4]
economics situation, etc. and Pacdkova & Kotlebova [11] focus on using
It is important to find right method of estimations, Bayesian estimates, specifically binomial/beta model
mainly in case of institutions such as insurance for insurance companies.
companies because these companies should be able to Aim of research. The main aim of this article is to
estimate their risks correctly to be able to fulfil their estimate probability of incidences and mortalities by
obligations. using binomial/beta model and to focus on comparison
Analysis of the previous publications. As of advantages of Bayesian estimates in comparison with
mentioned above, oncological diseases are caused by maximum likelihood estimations (MLESs) based on data

certain risk factors. For instance, these publications are
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related to trachea, bronchus and lung cancers in the
Czech Republic (CZE) and Ukraine (UKR).

Presentation of the main part of the research.
Data which are used in this article come from two
databases, namely database of World Health
Organization (WHO) and Organisation for Economic
Co-operation and Development (OECD). Specifically,
data about incidences of trachea, bronchus and lung
cancers for Czech Republic (CZE) and Ukraine (UKR)
are obtained from database of WHO for period 1985-
2014 and data related to mortalities of the same cancers
for the same two countries are obtained for period 1985-
2015. Next OECD database provides data about
incidences of lung cancer in 2012 and mortalities of
trachea, bronchus and lung cancers in 2015. These years
are the latest available years for OECD countries.
Both databases provide data related to incidences and
mortalities of these cancers per 100 000 population (n =
100 000).

MLE belongs to the most often possibility how to
estimate unknown parameters  of probability
distributions. This method of estimation of parameters
is one of the best because of its advantageous properties.
For instance, MLE has asymptotically normal
distribution, is asymptotically unbiasedness, asymptotic
efficient, consistent and invariant as describes [7].

On the other hand, MLE has some serious
disadvantages. The most serious disadvantage is
complicated calculation process. In case of some
probability distribution it must be used sophisticated
programs. Next disadvantage is the necessity of the large
sample to be reached of the advantages of MLE
mentioned above. Another disadvantage of MLE it is
considered to use information only from one data
source. However, the last mentioned disadvantage
belongs to the more often disadvantages of classic
methods of parameters estimates. For details see [3], [4],
[7] and [11].

According to Pacdkova [7] MLE of unknown
parameter @ is vector © which maximizes the likelihood
function L(6,x) where © is vector of unknown
parameters and x is vector of random sample specified
by density function f(x,0). In case of binomial
distribution according to formula (1), MLE of parameter
6 is:

~ X
6=- 1)
where x represents number of incidences or
mortalities and n is state of population in this article.
Next possibility how to estimate unknown
parameters of probability distribution is to use Bayesian
theory of credibility. Bayesian theory of estimation is
bases for Bayesian theory of credibility. The
fundamental difference between classic estimates for
instance MLE and Bayesian estimates is unknown,
estimated parameter 6 which is in case of classic
estimates considered as a unknown constant but in case
of Bayesian estimates the parameter 6 is considered as
random variable with own probability distribution.
Next Bayesian estimates don't only include data
from own resources as in case of method of classic
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estimates but they include data from foreign comparable
risks (prior information) which are known before
information from own resources. Sometimes, no
information exists about prior distribution of estimated
parameter so it must be considered that each value
of estimated parameter is equally probable. This
situation doesn’t reflect reality but it doesn't happen
very often. On the other hand poor prior information is
gradually improved by information from own resources
as describe [7].

Formula (2) shows posterior probability density
function which combines prior information and
information from random sample (data from own
resources). For details see [5] and [7].

f(6/x) « f(x/6).f(6) @

Pacakova [7] describes important concept of
statistical ~ induction, namely  conjugate  prior
distribution. When random sample comes from
probability distribution R with unknown estimated
parameter @ it is considered that probability distribution
of type F is conjugate distribution for distribution R
if prior distribution leads to posterior distribution in the
same type but with different parameters. For instance
beta distribution is conjugate prior distribution for
binomial distribution with unknown estimated
parameter 8. This model is suitable for using in
insurance companies and it is called binomial/beta
model. Problematics related to binomial/beta model is
demonstrated for example in following publications:
[31, [4], [5], [71, [8]. [9], [11] and [13].

Within binomial/beta model formula (3) expresses
prior probability density function called prior beta
distribution with parameters « and . Prior probability
density function is distribution of estimated parameter 6
which is parameter of binomial distribution mentioned
above.

fO) x0*1t . (1-6)F1o<o<1 ©)]

First prior information of estimated parameter 8 has
to be determined. The best way of determination of prior
beta distribution parameters a and £ is to employ basic
characteristic of prior beta distribution, namely mean
value p (4) and dispersion o2 (5).

H=— 4)

a+p

. a.p
T T @t (@t B+ 1)
Next formula (6) shows that random sample X has
binomial distribution with estimated parameter 6 but for
our needs the constant (7) is omitted.
af(x/0) « 6% .(1—6)"*x=0,1,..,n (6)

5)

As mentioned above posterior probability density
function combines prior information and information
from random sample. In this case posterior probability
density function is called posterior beta distribution, see
formula (7).



f(8/x) x 0*.(1— )" *.0% L (1—-0)F 1=
gatx-1 (1 — 9)ﬂ+n—x—1 (7)

According to formula (8) Bayesian estimate of
estimated parameter 6 is mean value of posterior beta
distribution in case of minimizing squared loss function.

93 — a+x (8)

a+f+n
Formula (8) can be rewrite into credibility formula
(9) according to [1], [4] and [9]. Credibility formula

includes credibility factor Z = —— which shows
a+f+n

degree of reliability of random sample, % is maximum

likelihood estimation of parameter 6 of binomial

distribution which is used within this model as well and

u which is explained in formula (4).
93=z.§+(1—2).u (9)

Now construction of maximum likelihood
estimations and Bayesian estimates, specifically
binomial/beta model is described based on data about
incidences and mortalities of trachea, bronchus and lung
cancers. Next comparison of these two estimation
methods is indicated and graphically illustrated. Finally,
development of these diseases is observed in two
European countries, hamely CZE and UKR in period
1985-2015 in case of incidences and in period 1985-
2016 in case of mortalities.

As mentioned above, the first of all, it is necessary
to determine prior information about estimated
parameter 8 of binomial distribution by employing basic
characteristics of prior beta distribution. It means that
the parameters of prior beta distribution (formula 3) are
determined by solving system of equations formula (4)
and (5). The same procedure of determination of prior
information is used in publication [4].
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Parameters of prior beta distribution are determined
separately for incidences and mortalities by using data
from OECD database. These database provides data
about incidences of lung cancer in 2012. By solving
system of equations mentioned above parameters
Qq19gs = 13,38 and Biggs = 45967,74. After that
OECD database provides data about mortalities
of trachea, bronchus andlung cancers in 2015.
Parameters are obtained in the same way. Parameters
@955 = 14,44 and Bog5 = 34 874,91.

After determination of prior beta distribution
parameters Bayesian estimate of estimated parameter 6
(probability of incidences of trachea bronchus and lung
cancers) can be constructed for the first available year
1985. For the first estimated year Bayesian estimate is
mean value of prior beta distribution formula (4),
specifically 65 1955 = 0,000291. This prior information
is used for both mentioned countries.

Next parameters of beta distribution must be
recalculate for the following year 1986. It means that
Q1986 = Aqogs + X105 = 13,38 + 55 = 68,38;

Bi9ss = Progs + Miogs — X1985 = 45 967,74 +

100 000 — 55 = 145912,7 in case of CZE and @195 =
Q1085 + X1985 = 13,38 + 44 = 57,38f1986 = 1985 +
Nyggs — X195 = 45 967,74 + 100000 — 44 =

145 923,7 in case of UKR. In 1986 the Bayesian estimate
equals to mean value of posterior beta distribution, see
formulas (7) and (8).

In Fig. 1 we can see development of MLE and
Bayesian estimates of probability of incidences of
trachea, bronchus and lung cancers in CZE. In this Fig.
1 the advantages of Bayesian estimates are displayed in
contrast with MLE.

x/n (CZE)
0B (CZE)

2005 2008 2011 2014

Fig. 1: Comparison of MLE and Bayesian estimates of probability of incidences of trachea, bronchus and lung
cancers in CZE (own calculation based on [6], [14])

61



First advantage of Bayesian estimates is possibility
of involving data from two databases. Bayesian estimate
is determined from OECD database in 1985 in contrast
with MLE which is only stated from database of WHO.
For the first year Bayesian estimate is very low in
contrast with MLE but this poor prior information is
gradually improved by employing information from
WHO database. This is the reason why the estimates are
still closer. Next advantage of Bayesian estimates is
smoother course of these estimates than in case of MLE
and finally Bayesian estimates can be determined for the
year following after the last known year (2015).

In Fig. 2 MLEs are displayed separately for CZE
and UKR for period 1985-2014.

We can see that probability of incidences of trachea,
bronchus and lung cancers is lower in case of UKR than
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in case of CZE over the whole period. On one hand trend
of MLE is increasing within CZE in contrast with UKR
where the trend of MLE is decreasing. It means that CZE
is not only more affected by these diseases but the
incidences are still higher. On the other hand Ukrainian
population is in a better position in contrast with CZE.

In Fig. 3 Bayesian estimates are displayed again
separately for CZE and UKR for period 1985-2015.

As mentioned above Bayesian estimate is
determined based on prior information which is obtained
from OECD countries (OECD database) for the first
year (1985). We can see that this estimate of incidences
of trachea, bronchus and lung cancers has closer to
estimates of incidences in UKR than in CZE. It means
that CZE and UKR belong to the countries which are
more affected by these diseases in comparison with
mean of OECD countries.

x/n (CZE)
x/n (UKR)

2005 2008 2011 2014

Fig. 2: Comparison of MLEs of probability of incidences of trachea, bronchus and lung cancers for CZE and UKR
(own calculation based on [6], [14])
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. 3: Comparison of Bayesian estimates of probability of incidences of trachea, bronchus and lung cancers for

CZE and UKR (own calculation based on [6], [14])
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As in case of incidences after determination of prior
beta distribution parameters Bayesian estimate of estimated
parameter 6 (probability of mortalities of trachea bronchus
and lung cancers) can be constructed for the first available
year 1985. For the first estimated year Bayesian estimate is
mean value of prior beta distribution formula (4),
specifically 85 1955 = 0,000414. This prior information is
used for both mentioned countries. Calculation process
of Bayesian estimates is the same as in case of incidences
mentioned above.

In Fig. 4 we can see MLEs which are displayed
separately for CZE and UKR for period 1985-2015.

We can see that probability of mortalities of trachea,
bronchus and lung cancers is lower in case of UKR than
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in case of CZE again over the whole period. However,
the trends of mortalities are decreasing in case of both
countries. It means that cure of these diseases is more
and more effective. Ukrainian population is in a better
position again, which can be connected with lower
incidences of these diseases.

In Fig. 5 Bayesian estimates are displayed again
separately for CZE and UKR for period 1985-2016.

We can see that CZE has still closer to the estimate
of mortalities of trachea, bronchus and lung cancers in
comparison with mean of OECD countries and UKR is
in better situation than OECD countries.

== x/n (CZE)
x/n (UKR)

2005 2008 2011 2014

Fig. 4: Comparison of MLEs of probability of mortalities of trachea, bronchus and lung cancers for CZE and UKR
(own calculation based on [6], [14])
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Fig. 5: Comparison of Bayesian estimates of probability of mortalities of trachea, bronchus and lung cancers for
CZE and UKR (own calculation based on [6], [14])
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Conclusion and perspectives of future
investigations. The main aim of this article was to
estimate probability of incidences and mortalities
of trachea, bronchus and lung cancers by using
binomial/beta model and to focus on comparison of
advantages of Bayesian estimates in comparison with
MLE in the CZE and UKR. Bayesian estimates appear
to be suitable because of their advantages, mainly in case
of insurance companies because these companies don’t
have to only use data from own resources but they can
focus on data from foreign comparable risks, which is
one of reasons for employing Bayesian estimates.

Despite the fact that CZE is member country of
OECD and EU, UKR has better results of probability of
incidences and mortalities of trachea, bronchus and lung
cancers which belong to the most serious cancers in
Europe. Both countries show decreasing trends in case
of mortalities. However in case of UKR this decrease is
slower than in CZE. On the other hand CZE shows
increasing trend in case of incidences of these diseases
in contrast with UKR which has decreasing trend of
incidences. In case of incidences both countries move
above the mean of OECD countries and in case of
mortalities CZE is moving above this mean but it is still
closer to mean value.

The most of causes causing incidences or
mortalities of oncological diseases are detected.
Nevertheless the main causes making disparities in
development of oncological disease among individual
countries are not clear and this is the reason for the next
research in this field.
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