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Summary

Background: Cancer burden in the Czech population ranks among the highest worldwide, which
introduces a strong need for a prospective modelling of cancer incidence and prevalence rates.
Moreover, a prediction of number of cancer patients requiring active anti-tumor therapy is also an im-
portant issue. This paper presents the stage-specific predictions of cancer incidence and prevalence,
and the stage- and region-specific patients requiring active anti-tumor therapy for the most common
cancer diagnoses in the Czech Republic for years 2015 and 2020. The stage-specific estimates are
also presented with regard to the treatment phase as newly diagnosed patients, patients treated for
non-terminal recurrence, and patients treated for terminal recurrence. Patients and Methods: Data of
the Czech National Cancer Registry from 1977 to 2011 has been used for the analysis, omitting the re-
cords of patients diagnosed as death certificate only or at autopsy. In total, 1,777,775 incidences have
been considered for the estimation using a statistical model utilizing solely the population-based
cancer registry data. All estimates have been calculated with respect to the changing demographic
structure of the Czech population and the clinical stage at diagnosis. Results: Considering year 2011 as
the baseline, we predict 89%, 15%, 31% and 32% increase in prostate, colorectal, female breast and
lung cancer incidence, respectively, in 2020 resulting in 13,153, 9,368, 8,695, and 8,604 newly diag-
nosed cancer patients in that year, respectively. Regarding cancer prevalence in 2020, the estimated
increase is 140%, 40%, 51%, and 17% for prostate, colorectal, female breast and lung cancer, respecti-
vely, meaning that more than 100,000 prevalent female breast cancer patients as well as more than
100,000 prevalent prostate cancer patients are expected in the Czech Republic. The estimated num-
bers of patients requiring active anti-tumor therapy for prostate, colorectal, female breast and lung
cancer in the Czech Republic in 2020 are 23,652, 14,006, 14,759 and 8,272; respectively. Conclusions:
The analysis documents a serious increase in cancer incidence and prevalence in the Czech Republic
inyears 2015 and 2020 when compared to the situation in 2011. Regarding the estimated numbers of
patients requiring active anti-tumor therapy, the model confirms a continuous increase that must be
accounted for in the future planning of health care in the Czech Republic.
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ESTIMATING CANCER INCIDENCE, PREVALENCE, AND THE NUMBER OF CANCER PATIENTS

Souhrn

Vychodiska: Ceska republika se celosvétové fadi mezi zemé s nejvétsim zastoupenim onkologickych pacientd, coz v dasledku vede k pottebé
prospektivniho modelovani epidemiologie nadorovych onemocnéni, jako je incidence, prevalence a pocet pravdépodobné lécenych pacientd.
Tento ¢lanek prezentuje odhady incidence, prevalence a pocty pacient(i pravdépodobné lécenych pro nejcastéjsi nadorova onemocnéni v CR
pro roky 2015 a 2020. Odhady jsou prezentovany po stadiich a dale dle jednotlivych fazi 1é¢by pacienta v podobé poctu nové diagnostikovanych
pacientd, pacientl s progresi/relapsem v neterminalni fazi a pacientli v terminalni fazi Ié¢by. Pacienti a metody: Analyza byla provedena na da-
tech Narodniho onkologického registru z obdobi 1977-2011 s vylou¢enim zaznamu diagnostikovanych z listu o prohlidce zemfelého a pii pitvé.
Celkem jsme uvazovali vice nez 1,7 milionu zaznam onkologickych pacientd. Statisticky model kalkuloval odhady incidence, prevalence a poctu
pravdépodobné Ié¢enych pacientl pouze s vyuzitim popula¢nich dat a s ohledem na ménici se demografickou strukturu populace CR a klinické
stadium nadoru pfi diagnéze. Vysledky: S ohledem na nejcastéjsi onkologické diagnézy, nase analyza predikuje 89%, 15%, 31% a 32% nardst
vincidenci zhoubného novotvaru (ZN) prostaty, tlustého stfeva a kone¢niku, prsu u Zen, resp. plic v CR v roce 2020 vzhledem k dat(im za rok 2011,
coz u téchto diagndz predstavuje predikovanou incidenci ve vysi 13 153, 9 368, 8 695, resp. 8 604 nové diagnostikovanych pacientd. V prevalenci
v roce 2020 (opét vztazeno k roku 2011) pak predikujeme pro ZN prostaty, tlustého stieva a kone¢niku, prsu u Zen a plic narGst ve vysi 140 %,
40 %, 51 %, resp. 17 %, coz v ptipadé ZN prostaty a ZN prsu u Zzen znamena piekroceni hranice 100 000 onkologickych pacientl s historii daného
onemocnéni. Prediktivni odhady po¢tu pravdépodobné lé¢enych pacientd se ZN prostaty, tlustého stfeva a kone¢niku, prsu u zen a plic v CR pro
rok 2020 jsou 23 652, 14 006, 14 759, resp. 8 272. Zdvér: Nade analyza potvrzuje vyrazné zvyseni incidence a prevalence nadorovych onemocnéni
v CR v letech 2015 a 2020 a u vybranych diagnéz prezentuje pocty pacient(, ktefi budou v letech 2015 a 2020 pravdépodobné vyZadovat pro-
tinddorovou lé¢bu. Tyto odhady mohou slouzit k analyze rizik, monitorovani kvality 1é¢by a k optimalizaci ekonomickych nakladd souvisejicich

s onkologickou péci.
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Background

Cancer burden in the Czech population
ranks among the highest worldwide and
has been growing continuously [1,2].
During 1990s and 2000s, the incidence
of all major cancers was constantly
increasing in the Czech population [3],
and the growth dynamic was consistent
with recently published international
data [1,4-6]. The number of cancer
patients is very likely to grow further,
as a result of the ageing population.
If health care is to be assessed quan-
titatively, knowing the number of cancer
patients is an essential condition and
a fundamental input. Thus, there is
a strong need for a prospective modelling
of cancerincidence and prevalence rates,
as these measures are necessary for
monitoring of the overall cancer load and
its dynamics [7]. Moreover, a prediction
of number of cancer patients requiring
active anti-tumor therapyisanimportant
issue, as necessary financial resources
need to be allocated. Due to centralized
and decentralized part of cancer care,
region-specific estimates are of a great
importance as well. The disease extent
should be also taken into account
in the model as the clinical stageis,
regarding patient life-expectation and
anticipated financial costs, even more
important than age [8]. However, the

effort to estimate cancer prevalence on
a stage-specific basis is a challenging
task [9,10]. The stage-specific modell-
ing is complicated and requires a com-
prehensive approach, since the stage
at the time of diagnosis need not
necessarily coincide with the disease
extent several years afterwards.

This paper presents the stage-specific
predictions of cancer incidence and
prevalence, and the stage- and region-
-specific estimates of patients requir-
ing active anti-tumor therapy for the
common diagnostic groups of malignant
tumors in the Czech Republic for
years 2015 and 2020. Statistical model
utilizing solely the population-based
cancer registry data was used for this
purpose [10]. The estimated numbers
of probably treated patients are given
with respect to individual phases of the
anti-tumor therapy - the number of
newly diagnosed and treated patients,
the number of patients treated for
non-terminal cancer recurrence and the
number of patients treated for terminal
cancer recurrence.

Patients and Methods

Patients

Data of the Czech National Cancer
Registry (CNCR), which was establish-
ed in 1976 as a nationwide registry

(10,230,000 inhabitants according to the
2001 census), was used for the analysis.
Until the end of 2011, there were more
than 1.9 million cancer cases recorded
in the CNCR. Malignant neoplasms were
recorded according to the International
statistical classification of diseases
and related health problems, 10t re-
vision (ICD-10) [11], and International
Classification of Diseases for Oncology
(ICD-O, 3" revision) [12]. Tumors were
staged on the basis of TNM classification
system, currently 7* edition [13].

Only clinically relevant cancer records
entered the modelling procedures.
In some cancer diagnoses, data on
cases diagnosed in 1977-1981 were
excluded due to the lack of classification
system for clinical stages. Moreover,
the records on patients diagnosed as
death certificate only or at autopsy
were excluded from the analysis as well.
Finally, 1,777,775 incident cases were
considered for analysis.

Four age categories were considered
in the estimation process - 15-49 years
(children under 15 years were included
only among brain cancer, Hodgkin and
non-Hodgkin lymphoma patients),
50-64 years, 65-79 years and 80+ years;
as well as four categories for the disease
extent - clinical stages |, II, I, and IV.
In some cancers, however, stages | and I
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were merged prior to analyses due to
changes in the TNM classification system
in 1995 [14]. Moreover, cases with
missing information on stage (denoted
as X) were also considered for the model,
as they represent an indispensable mass
of all records.

Methods
The model is based on data from the
CNCR, and all estimates have been
done with respect to the changing
demographic structure of the Czech
population. The concept of estimation
comes from the model of time interval
prevalence, a number of patients who
both have a present or past diagnosis
of cancer and are alive in a population
during a certain period. Detailed
description of the model was published
elsewhere [10]. Regarding one age
group, the stage-specific prevalence
in calendar year y can be expressed as
the convolution of the stage-specific
incidence at i years prior to the calendar
year y and the corresponding i-year
survival rate. To obtain the number of
patients receiving active anti-tumor
therapy, the stage-specific prevalence
needs to be further corrected for
the probability of being untreated
with anti-tumor therapy due to poor
health condition or other objective
reasons, and, simultaneously, it needs
to be corrected in a way that the
only considered patients are those
with the recurrence of the disease in
a good health condition to allow for
anti-tumor treatment. The correction is
accomplished using the stage-specific
probability of being treated with an
anti-tumor treatment in the year y
and the function that describes the
probability of cancer recurrence after
surviving i years after primary diagnosis.
Moreover, we assume that each patient
diagnosed in stage s can suffer in time
from two forms of cancer recurrence,
either non-terminal (actually not leading
to death in the year y), or terminal
(leading to death in the yeary).

The individual components of the
model are then estimated as follows:
- In view of the fact that changes in

incidence rates of malignant tumors

very frequently reflect changes in the

Tab. 1. Cancer epidemiology in the Czech Republic (all cancers including skin neo-

plasms C00-C97, data from 2011).

Parameter Males
overall incidence

absolute number 41,349
rate per 100,000 801.6
overall mortality’

absolute number 15,008
cases pgr 100,000 2910
population

prevalence

absolute number 206,969
cases per 100,000 4,012

population

growth index (2001-2011)

incidence 32.0%
mortality’ -4.7%
prevalence 62.4%

"mortality statistics — Czech Statistical Office

~
Females Total
36,424 77,773
681.2 740.3
12,163 27,171
227.5 258.6
268,493 475,462
5,021 4,526
22.8% 27.6%
-5.6% -5.0%
50.0% 55.0%

distribution of age categories in the
monitored population, the predictions
of incidence rates take into account
information on developments in age
structure of the Czech population. The
calculation is based on the Poisson
regression model. Point estimates are
supplemented with 90% Cls, using
the delta-method [15] to estimate the
standard error.

The life-table method [16] using the
moving window principle is employed
as a method to estimate the overall
stage-specific survival rates. In this
procedure, the survival rates are
estimated successively, using the
cohort analysis of patients diagnosed
in partially overlapping 5-year time
intervals.

Regarding non-terminal cancer re-
currence, it is estimated using the
information on the patient’s health
status and anti-tumor therapy applied
after the first year following diagnosis
(first year after diagnosis is assumed
to correspond to the initial treatment

phase [17]). As for terminal cancer
recurrence, the approach is based
on the simplifying assumption that
nobody can die from cancer, with
cancer being the main reason of death,
without passing through the phase of
generalized disease.

- The proportion of patients treated
with anti-tumor therapy reflecting the
patients’ health status is derived from
the CNCR population data on primary
anti-tumor therapy.

Four scenarios combining progress
in incidence rates (modelled or sta-
bilized) and survival rates (improving
or stabilized) were considered in the
prevalence model. However, results
corresponding to only one of the
scenarios are presented for each diag-
nosis due to space restrictions. The
estimated numbers of probably treated
cancer patient are subsequently
localized for regions of the Czech
Republic, using the same methodical
approaches. In particular, these partial

32
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Tab. 2. Predicted values of cancer incidence in the Czech Republic in 2015 according to diagnosis and clinical stage of primary

tumor. Numbers of cases are accompanied with 90% confidence intervals (in brackets).

~

Diagnosis (ICD-10 code)

head and neck
(C00-C14, C30-C31)

oesophagus
(C15)

stomach
(C16)

colorectal cancer
(C18-C20)

pancreas
(C25)

larynx
(C32)

lung
(C34)

melanoma of skin
(C43)

female breast
(C50)

cervix uteri
(C53)

uterus
(C54)

ovary
(C56)

prostate
(C61)

testis
(C62)

kidney
(Ce4)

bladder
(C67)

brain

(C71)

thyroid

(C73)

Hodgkin lymphoma
(C81)

non-Hodgkin lymphoma

(C82-C85)

multiple myeloma
(C90)

Stagel Stagelll
210 158
(162; 260) (128;187)
39 181
(28;51) (150; 213)
360 165
(312;408) (126; 203)
2,138 1,958
(1,973;2,302)  (1,847;2,069)
566
(456; 678)
140 93
(104;177) (74;112)
769 338
(700; 837) (295; 380)
1,835 418
(1,680; 1,991) (364;471)
3,448 2,264
(3,113;3,782)  (2,068;2,461)
511 116
(454; 567) (84;148)
1,315 213
(1,200; 1,430) (168; 259)
208 90
(170; 248) (69;112)
7,147
(6,704; 7,590)
370 84
(316; 425) (48;120)
2,075
(1,919; 2,231)
1,681 458
(1,525; 1,838) (407; 509)
*% *%
900 59
(828;972) (38; 80)
35 115
(19;51) (80; 150)
220 382
(183; 256) (331;432)
*% *%

*Stage IV is not defined for testicular cancer (C62).

**Clinical stage was not considered in models for brain tumors (C71) and multiple myeloma (C90).

Stagellll

279
(229; 329)

208
(174; 242)

230
(173; 287)

2,042
(1,893;2,190)

188
(120; 256)

122
(96; 148)

1,618
(1,439; 1,796)

119
(85;152)

1,179
(1,052;1,307)

213
(177; 249)

237
(187; 287)

420
(375; 463)

1,279
(1,165; 1,392)

62
(38; 86)

364
(317;412)

148
(116; 181)

*%

107
(85;129)

69
(49; 88)

351
(309; 393)

*%

Stage IV

809
(727; 891)

297
(259; 335)

776
(684; 869)

2,195
(2,083; 2,309)

1,312
(1,086; 1,540)

188
(155;221)

4,201
(3,960; 4,442)

105
(85;123)

528
(452; 606)

156
(125;187)

102
(77;128)

351
(311;390)

1,082
(1,015; 1,150)

*

658
(567; 749)

341
(278; 404)

*%

123
(95; 149)

32
(18;47)

332
(300; 365)

*%

Stage
unknown

183
(133;232)

42
(24; 60)

138
(81;197)

245
(169; 320)

279
(109; 449)

15
(4; 26)

598
(369; 826)

48
(29; 67)

88
(46; 129)

29
(17;41)

212
(138; 286)

60
(38; 82)

185
(88;282)

15
(3;27)

241
(179; 304)

50
(24; 76)

*%

139
(85;192)

25
(13; 38)

272
(215;329)

*%

Total

1,639
(1,379; 1,899)

767
(635;901)

1,669
(1,376; 1,964)

8,578
(7,965; 9,190)

2,345
(1,771;2,923)

558
(433; 684)

7,524
(6,763; 8,281)

2,525
(2,243; 2,804)

7,507
(6,731; 8,285)

1,025
(857;1,192)

2,079
(1,770; 2,390)

1,129
(963; 1,295)

9,693
(8,972;10,414)

531
(405; 658)

3,338
(2,982; 3,696)

2,678
(2,350; 3,008)

915
(804; 1,028)

1,328
(1,131;1,522)

276
(179;374)

1,557
(1,338;1,775)

584
(527; 641)
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e 7
Tab. 3. Predicted values of cancer incidence in the Czech Republic in 2020 according to diagnosis and clinical stage of primary
tumor. Numbers of cases are accompanied with 90% confidence intervals (in brackets).

Diagnosis (ICD-10 code) Stagel Stagelll Stagelll Stage IV Stage Total
unknown

head and neck 223 168 327 963 177 1,858
(C00-C14, C30-C31) (157; 289) (128;208) (260; 395) (854;1,072) (116;238) (1,515; 2,202)
oesophagus 51 236 265 384 25 961
(C15) (35;68) (194; 278) (218;312) (333;436) (10; 40) (790; 1,134)
stomach 428 167 239 880 85 1,799
(C16) (359; 498) (113;219) (160; 318) (750; 1,010) (37;133) (1,419;2,178)
colorectal cancer 2,556 2,023 2,236 2,416 137 9,368
(C18-C20) (2,316;2,796) (1,872;2,175)  (2,073;2,398)  (2,293;2,538) (80; 193) (8,634; 10,100)
pancreas 740 218 1,537 190 2,685
(C25) (599; 879) (130; 305) (1,244;1,829) (37;343) (2,010; 3,356)
larynx 143 105 132 202 8 590
(C32) (93; 194) (79; 130) (97; 168) (158; 247) (0;17) (427;756)
lung 905 327 1,752 5,210 410 8,604
(C34) (811;999) (275; 378) (1,494; 2,009) (4,874; 5,544) (205; 616) (7,659; 9,546)
melanoma of skin 2,269 508 105 117 36 3,035
(C43) (2,059; 2,478) (436; 580) (68; 142) (91;143) (17;55) (2,671; 3,398)
female breast 4,227 2,391 1,464 568 45 8,695
(C50) (3,771;4,682) (2,142;2,642) (1,286;1,643) (463; 674) (15;75) (7,677;9,716)
cervix uteri 524 108 220 190 16 1,058
(C53) (453;596) (67;148) (173; 269) (149; 232) (7;25) (849; 1,270)
uterus 1,438 248 289 122 204 2,301
(C54) (1,285; 1,591) (187;308) (224; 353) (92; 153) (112;296) (1,900; 2,701)
ovary 199 929 465 372 38 1,173
(C56) (153; 246) (70; 130) (408; 522) (318; 424) (18;57) (967;1,379)
prostate 10,014 1,732 1,312 95 13,153
(C61) (9,401;10,626) (1,580;1,884) (1,215;1,409) (25; 164) (12,221; 14,083)
testis 400 87 58 % 11 556
(C62) (333;468) (43;129) (29; 86) (0;22) (405; 705)
kidney 2,471 418 767 180 3,836
(C64) (2,253; 2,689) (352; 485) (637; 896) (119; 240) (3,361;4,310)
bladder 2,031 535 162 454 21 3,203
(C67) (1,810; 2,253) (466; 605) (117; 206) (365; 544) (5;38) (2,763; 3,646)
(C771) (861;1,167)
thyroid 1,165 46 135 163 154 1,663
(C73) (1,072; 1,258) (25;67) (105; 165) (126; 200) (87;221) (1,415;1,911)
Hodgkin lymphoma 35 128 85 35 16 299
(C81) (15; 55) (84;172) (59; 110) (16; 54) (6; 25) (180; 416)
non-Hodgkin lymphoma 248 519 478 402 216 1,863
(C82-C85) (196; 299) (449; 588) (420; 534) (358;447) (157;275) (1,580; 2,143)
multiple myeloma v v v s v 649
(C90) (567;731)
*Stage IV is not defined for testicular cancer (C62).
**Clinical stage was not considered in models for brain tumors (C71) and multiple myeloma (C90).
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Fig. 1. Time trends of cancer incidence, mortality, and prevalence in the Czech Repub-
lic (all diagnoses including non-melanoma skin cancer, C00-C97).

calculations take into consideration the
epidemiological situation in a given
region, from which weights are derived
to distribute the population-based
prediction.

Results

The growing cancer burden in the
Czech Republic, demonstrating the
need for prospective estimation of
the epidemiology characteristics,

is illustrated in Tab. 1. In 2011,
77,773 new incident cases (740.3 per
100,000 individuals) of all cancers
including skin neoplasms (C00-C97)
were diagnosed. The crude incidence
rate continuously increases with the
growth index +27.6% in the last decade
(2001-2011). Growing incidence and
stabilized mortality necessarily increase
prevalence which exceeded 475,000 of
cases in 2011. Time trends in incidence,
mortality and prevalence (calculated
per 100,000 people) of all malignant
tumors including skin neoplasms
(C00-C97) in the Czech Republic
according to patient’s sex are given in
Fig. 1.

The predicted values of stage-specific
incidence for years 2015 and 2020 are
shown in Tab. 2 and 3, respectively.
We can see that 9,693 newly diag-
nosed prostate cancer cases are ex-
pected in 2015 in the Czech Republic
(corresponding to 39% increase
with respect to 2011 [3]) introducing
prostate cancer as the most incident
diagnosis of all malignant neoplasms
in 2015. This trend is also expected in
2020 with estimated 13,153 newly diag-
nosed prostate cancer cases (89%
increase with respect to 2011), followed
by 9,368 (15% increase with respect to
2011), 8,695 (31% increase with respect
to 2011), and 8,604 (32% increase with
respect to 2011) newly diagnosed
colorectal, female breast, and lung
cancer cases, respectively.

Tables 4 and 5 show the predicted
values of stage-specific one-year
prevalenceforall considered cancerdiag-
noses in 2015 and 2020, respectively.
According to the model, we can expect
more than 85,000 prevalent females
with history of breast cancer (21% in-
crease with respect to 2011 [3]), almost
66,000 colorectal cancer patients
(16% increase with respect to 2011),
and more than 65,000 prostate cancer
patients (52% increase with respect to
2011) in the Czech Republic in 2015.
In lung cancer, only 6% increase in
prevalence (to 18,401 patients in total)
is expected in 2015 with respect to 2011.
In 2020, more than 100,000 prevalent
femalebreastcancerpatientsareexpected
in the Czech Republic (51% increase
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Tab. 4. Predicted values of cancer prevalence in the Czech Republic in 2015 according to diagnosis and clinical stage of primary
tumor. Numbers of patients are accompanied with 90% confidence intervals (in brackets).

Diagnosis (ICD-10 code) Stagel Stagelll Stagelll Stage IV Stage Total
unknown

head and neck 2,382 1,316 1,558 3,600 1,024 9,880
(C00-C14, C30-C31) (2,302;2,462) (1,256;1,376) (1,493;1,623) (3,501; 3,699) (971;1,077) (9,717;10,043)
oesophagus 162 502 401 663 93 1,821
(C15) (141;183) (465; 539) (368; 434) (621;705) (77;109) (1,751;1,891)
stomach 2,589 1,137 880 1,966 718 7,290
(C16) (2,505;2,673) (1,082;1,192) (831;929) (1,893; 2,039) (674;762) (7,150; 7,430)
colorectal cancer 21,303 19,019 14,701 8,388 2,399 65,810
(C18-C20) (21,063; 21,543) (18,792; 19,246) (14,502; 14,900) (8,237;8,539) (2,318;2,480) (65,388;66,232)
pancreas 1,219 316 2,307 464 4,306
(C25) (1,162; 1,276) (287; 345) (2,228; 2,386) (429; 499) (4,198; 4,414)
larynx 1,914 945 885 1,049 128 4,921
(C32) (1,842; 1,986) (894; 996) (836;934) (996; 1,102) (109; 147) (4,806; 5,036)
lung 3,962 1,260 3,517 8,413 1,249 18,401
(C34) (3,858;4,066) (1,202;1,318) (3,419;3,615) (8,262;8,564) (1,191;1,307) (18,178; 18,624)
melanoma of skin 21,346 3,771 1,167 744 794 27,822
(C43) (21,106; 21,586) (3,670;3,872) (1,111;1,223) (699; 789) (748; 840) (27,548; 28,096)
female breast 38,041 32,783 9,454 3,411 1,689 85,378
(C50) (37,720; 38,362) (32,485;33,081) (9,294;9,614) (3,315;3,507) (1,621;1,757) (84,897; 85,859)
cervix uteri 12,675 2,344 2,007 614 1,176 18,816
(C53) (12,490; 12,860) (2,264;2,424)  (1,933;2,081) (573; 655) (1,120; 1,232)  (18,590; 19,042)
uterus 22,559 2,483 1,719 665 2,801 30,227
(C54) (22,312;22,806) (2,401;2,565) (1,651;1,787) (623;707) (2,714;2,888)  (29,941;30,513)
ovary 4,760 1,005 2,640 1,592 644 10,641
(C56) (4,647;4,873) (953;1,057) (2,555;2,725) (1,526; 1,658) (602; 686) (10,471;10,811)
prostate 47,454 8,492 5,884 3,384 65,214
(C61) (47,096, 47,812) (8,340;8,644) (5,758;6,010) (3,288;3,480) (64,794;65,634)
testis 6,260 1,743 842 . 837 9,682
(C62) (6,130;6,390) (1,674;1,812) (794; 890) (789; 885) (9,520; 9,844)
kidney 18,772 2,919 2,360 1,779 25,830
(C64) (18,547;18,997) (2,830;3,008) (2,280;2,440) (1,710;1,848) (25,566; 26,094)
bladder 14,505 3,164 640 1,382 2,147 21,838
(C67) (14,307;14,703) (3,071; 3,257) (598; 682) (1,321;1,443)  (2,071;2,223)  (21,595;22,081)
(C771) (3,662; 3,864)
thyroid 8,880 2,210 1,226 693 1,307 14,316
(C73) (8,725;9,035)  (2,133;2,287) (1,168;1,284) (650; 736) (1,248;1,366)  (14,119;14,513)
Hodgkin lymphoma 927 2,255 1,147 519 957 5,805
(C81) (877;977) (2,177;2,333)  (1,091;1,203) (482; 556) (906; 1,008) (5,680; 5,930)
non-Hodgkin lymphoma 2,406 2,589 1,975 2,365 3,046 12,381
(C82-C85) (2,325;2,487) (2,505;2,673) (1,902;2,048) (2,285;2,445) (2,955;3,137) (12,198;12,564)
multiple myeloma v v v . v 2,797
(C90) (2,710; 2,884)
*Stage IV is not defined for testicular cancer (C62).
**Clinical stage was not considered in models for brain tumors (C71) and multiple myeloma (C90).
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Tab. 5. Predicted values of cancer prevalence in the Czech Republic in 2020 according to diagnosis and clinical stage of primary
tumor. Numbers of patients are accompanied with 90% confidence intervals (in brackets).

~

Diagnosis (ICD-10 code)

head and neck
(C00-C14, C30-C31)

oesophagus
(C15)

stomach
(C16)

colorectal cancer
(C18-C20)

pancreas
(C25)

larynx
(C32)

lung
(C34)

melanoma of skin
(C43)

female breast
(C50)

cervix uteri
(C53)

uterus
(C54)

ovary
(C56)

prostate
(C61)

testis
(C62)

kidney
(Ce4)

bladder
(C67)

brain

(C71)

thyroid

(C73)

Hodgkin lymphoma
(C81)

non-Hodgkin lymphoma
(C82-C85)

multiple myeloma
(C90)

Stage IV

4,287
(4,179; 4,395)

859
(811;907)

2,451
(2,370; 2,532)

9,946

2,748
(2,662; 2,834)

1,181
(1,124;1,238)

10,127
(9,961; 10,293)

845
(797; 893)

3,519
(3,421;3,617)

692
(649; 735)

707
(663;751)

1,649
(1,582;1,716)

7,448
(7,306; 7,590)

*

2,665
(2,580; 2,750)

1,705
(1,637;1,773)

*%

889
(840; 938)

565
(526; 604)

Stagel Stagelll Stagellll
2,580 1,429 1,774
(2,496;2,664) (1,367;1,491) (1,705; 1,843)
213 669 518
(189; 237) (626;712) (481;555)
3,059 1,238 996
(2,968;3,150) (1,180;1,296)  (944; 1,048)
26,992 21,551 19,062
(26,722; 27,262) (21,310; 21,792) (18,835;19,289) (9,782;10,110)
1,702 375
(1,634;1,770) (343; 407)
2,049 1,093 975
(1,975;2,123)  (1,039; 1,147) (924;1,026)
4,392 1,154 3,673
(4,283;4,501) (1,098;1,210)  (3,573;3,773)
28,764 4,475 1,240
(28,485;29,043) (4,365;4,585)  (1,182;1,298)
52,269 37,555 12,450
(51,893; 52,645) (37,236; 37,874) (12,266; 12,634)
13,841 2,236 2,153
(13,647; 14,035) (2,158;2,314)  (2,077;2,229)
27,163 3,193 2,340
(26,892; 27,434) (3,100;3,286)  (2,260; 2,420)
5,289 1,131 3,193
(5,169;5,409) (1,076;1,186)  (3,100; 3,286)
79,230 13,930
(78,767; 79693) (13,736; 14,124)
7,751 1,972 906
(7,606; 7,896)  (1,899; 2,045) (856;956)
22,966 3,176
(22,717; 23,215) (3,083; 3,269)
17,795 3,494 676
(17,576; 18,014) (3,397;3,591) (633;719)
*% *% *%
13,350 2,113 1,520
(13,160; 13,540) (2,037;2,189)  (1,456;1,584)
1,006 2,637 1,364
(954; 1,058) (2,553;2,721)  (1,303; 1,425)
3,036 4,026 3,089

(2,945;3,127)  (3,922;4,130)

*% *%

*Stage IV is not defined for testicular cancer (C62).
**Clinical stage was not considered in models for brain tumors (C71) and multiple myeloma (C90).

(2,998; 3,180)

*%

3,141
(3,049; 3,233)

*%

Stage
unknown

1,069
(1,015; 1,123)

49
(37;61)

765
(720; 810)

2,035
(1,961; 2,109)

355
(324; 386)

89
(73;105)

906
(856; 956)

773
(727;819)

1,175
(1,119; 1,231)

1,062
(1,008; 1,116)

3,074
(2,983; 3,165)

516
(479; 553)

2,374
(2,294; 2,454)

803
(756; 850)

1,487
(1,424;1,550)

1,397
(1,336; 1,458)

*%

1,624
(1,558; 1,690)

888
(839;937)

3,105
(3,013; 3,197)

*%

Total

11,139
(10,965; 11,313)

2,308
(2,229; 2,387)

8,509
(8,357;8,661)

79,586
(79,122; 80,050)

5,180
(5,062; 5,298)

5,387
(5,266; 5,508)

20,252
(20,018; 20,486)

36,097
(35,784;36,410)

106,968
(106,430; 107,506)

19,984
(19,751;20,217)

36,477
(36,163; 36,791)

11,778
(11,599; 11,957)

102,982
(102,454; 103,510)

11,432
(11,256; 11,608)

30,294
(30,008; 30,580)

25,067
(24,807; 25,327)

4,207
(4,100; 4,314)

19,496
(19,266; 19,726)

6,460
(6,328; 6,592)

16,397
(16,186; 16,608)

3,409
(3,313; 3,505)
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Tab. 6. Stage-specific estimates of prevalence of patients requiring active anti-tumor therapy for colorectal cancer in the Czech
Republic in 2015 and 2020. Numbers of patients are accompanied with 90% confidence intervals (in brackets).

Colorectal cancer (C18-C20)

year 2015
stage |

stagelll

stage lll

stage IV

stage unknown

number of treated patients in given
category

total number of treated patients

year 2020
stage 1

stage 2

stage 3

stage 4

stage unknown

number of treated patients in given
category

total number of treated patients

Newly diagnosed
cancer patients

1,890 (1,744; 2,035)
1,829 (1,726; 1,933)
1,915 (1,776; 2,054)
1,473 (1,398; 1,550)

57 (40; 75) 21(13;29)
7,164 3,762 1,747
(6,684;7,647) (3,661; 3,863) (1,678; 1,816)

12,673 (12,488; 12,858)

2,259 (2,047; 2,472
1,890 (1,749; 2,032
2,097 (1,945; 2,249

)
)
)
1,622 (1,539; 1,703)

32(19;45) 14 (8; 20)
7,900 4,387 1,719
(7,299; 8,501) (4,278; 4,496) (1,651; 1,787)

14,006 (13,811; 14,201)

*Patients with terminal cancer recurrence are assumed to be treated with generalised disease.

Non-terminal recurrence
in patients from
previous years

793 (747; 839)
1,022 (969; 1,075)
1,247 (1,189; 1,305)
679 (636; 722)

983 (931; 1,035)
1,077 (1,023; 1,131)
1,464 (1,401;1,527)

849 (801; 897)

Terminal recurrence
in patients from
previous years

1,747 (1,678; 1,816)*

1,719 (1,651; 1,787)*

with respect to 2011), as well as more
than 100,000 prevalent prostate cancer
patients (140% increase with respect
to 2011). In colorectal and lung cancer,
40% and 17% increase in prevalence
is expected in 2020 with respect
to 2011.

The numbers of patients requiring
active anti-tumor therapy for colorectal,
lung, female breast and prostate cancer in
the Czech Republicin 2015 and 2020 are
given in Tab. 6-9. For each cancer diag-
nosis, the three columns represent the
individual components of the proposed
model - the estimated number of newly
diagnosed and treated patients, the
estimated number of patients treated
for non-terminal cancer recurrence,
and the estimated number of patients
treated for terminal cancer recurrence.
For example, we can see that 12,673 and
14,006 colorectal cancers are expected

to be treated in the Czech Republic in
2015 and 2020, respectively (Tab. 6).
Regarding the overall number of these
patients treated in stage IV, 3,899 (31%)
and 4,190 (30%) colorectal cancer
patients are predicted to be treated
for the metastatic disease in 2015 and
2020, respectively. Similar estimates can
be observed for female breast cancer -
12,827 and 14,759 females requiring
active anti-tumor therapy for breast
cancer in 2015 and 2020, respectively
(Tab. 8). However, only 15% (1,932) and
13% (1,958) are expected to be treated
for the metastatic disease in 2015 and
2020, respectively.

The numbers of patients requiring
active anti-tumor therapy were also
localized to individual regions of the
Czech Republic. An example of such
analysis for colorectal cancer is shown in
Fig. 2.

Discussion

Czech Republic is among countries
with the highest cancer burden where
mortality from cancer contributes
25.8% to the overall population
mortality. Moreover, we can expect
the overall cancer burden to grow
even in the future [4,5]. The current
role of cancer epidemiology is not
purely descriptive. Knowledge of age-,
stage-, and region-specific trends is
necessary to evaluate the effectiveness
of diagnostic processes, to identify
weak points in the management of
cancer care and to analyze therapeutic
outcomes. Moreover, to be able to
monitor and evaluate the cancer patient
population dynamics, it is necessary
to prospectively model incidence and
prevalence rates. In this paper, we
present the stage-specific predictions
of cancer incidence and prevalence, and
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Tab. 7. Stage-specific estimates of prevalence of patients requiring active anti-tumor therapy for lung cancer in the Czech Re-
publicin 2015 and 2020. Numbers of patients are accompanied with 90% confidence intervals (in brackets).

Lung (C34)

year 2015
stage |

stagelll

stage lll

stage IV

stage unknown

number of treated patients in given
category

total number of treated patients

year 2020
stage |

stagelll

stage lll

stage IV

stage unknown

number of treated patients in given
category

total number of treated patients

Newly diagnosed cancer
patients

594 (541; 647)
237 (207; 266)
1,229 (1,093; 1,364)
2,449 (2,308; 2,589)

127 (79; 176) 9(4;14)
4,636 946 1,594
(4,228; 5,042) (895; 997) (1,528; 1,660)
7,176 (7,037; 7,315)

699 (627;772)
229 (193; 265)
1,331 (1,135; 1,526)
3,037 (2,841; 3,231)

88 (44; 131) 6(2;10)
5,384 1,059 1,829
(4,840; 5,925) (1,005;1,113) (1,759; 1,899)
8,272 (8,122; 8,422)

*Patients with terminal cancer recurrence are assumed to be treated with generalised disease.

Non-terminal recurrence
in patients from
previous years

199 (176; 222)
82 (67;97)
319 (290; 348)
337 (307;367)

229 (204; 254)
71 (57; 85)
337 (307;367)
416 (382; 450)

Terminal recurrence
in patients from
previous years

1,594 (1,528; 1,660)*

1,829 (1,759; 1,899)*

the stage- and region-specific estimates
of patients requiring active anti-tumor
therapy in the Czech Republic for years
2015 and 2020.

The analysis, which utilizes solely
the population-based cancer registry
data, documents a serious increase
in cancer incidence and prevalence
in the Czech Republic in years
2015 and 2020 when compared to
the situation in 2011. For example,
enormous increase in prostate cancer
incidence and prevalence is expected
in 2020 with respect to 2011: 89% and
140%, respectively. Such findings are
concordant with results published for
other European states [1,18]. However,
the incidence of prostate cancer will
depend on the existence of prostate
cancer screening programs. The benefit
of screening programs has not been
firmly established and it is therefore

impossible to predict whether they
will be implemented. In the US, we
are currently witnessing a decrease
of prostate cancer incidence after
a peak caused by the onset of prostate
cancer screening in the 1980s. On the
other hand, in lung cancer, we expect
32% increase in incidence in 2020 but
only 17% increase in prevalence in
2020 with respect to 2011. The reason
for such a discrepancy is simple -
different stage distribution and the
associated stage-specific mortality of
both diagnoses. Not only epidemiology
characteristics but also the number
of cancer patients requiring active
anti-tumor therapy is expected to
grow steadily in the Czech Republic up
to year 2020. We expect an increase
of 11%, 15%, 15%, and 42% in the
number of patients probably treated
for colorectal, lung, female breast, and

prostate cancer, respectively, in the
Czech Republic between years 2015 and
2020. Increasing numbers of cancer
patients treated in the continuing care
phase resulting from the increase in
the number of cancer survivors were
reported also in the US study [19].

The estimation of the stage-specific
prevalence is a challenging task with
a relatively little information on this
subject in the literature [9]. Disregarding
the stage-specific nature, several
methods have been proposed for
future cancer burden estimation based
on different modelling strategies. The
back-calculation method, combining
parametric estimates of incidence
and survival, is the most frequently
used. The PIAMOD model [20] has
been repeatedly used for projections
of cancer prevalence utilizing the
age-period-cohort model for cancer
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Tab. 8. Stage-specific estimates of prevalence of patients requiring active anti-tumor therapy for breast cancer (females) in the
Czech Republicin 2015 and 2020. Numbers of patients are accompanied with 90% confidence intervals (in brackets).

Female breast (C50)

year 2015
stage |

stagelll

stage lll

stage IV

stage unknown

number of treated patients in given
category

total number of treated patients

year 2020
stage |

stagelll

stage lll

stage IV

stage unknown

number of treated patients in given
category

total number of treated patients

Newly diagnosed cancer

patients

3,402 (3,071; 3,731)
2,213 (2,022; 2,406)
1,131 (1,009; 1,254)
411 (352;472)
28 (15;42)

7,185
(6,469; 7,905)

4,170 (3,720; 4,619)
2,338 (2,094; 2,583)
1,405 (1,234; 1,577)

Non-terminal recurrence

in patients from
previous years

1,590 (1,524; 1,656)
1,621 (1,555; 1,687)
891 (842; 940)
286 (258;314)
19(12; 26)

4,407
(4,298; 4,516)

12,827 (12,641; 13,013)

2,005 (1,931; 2,079)
1,701 (1,633; 1,769)
1,158 (1,102; 1,214)

Terminal recurrence

in patients from
previous years

1,235(1,177;1,293)*

1,235
(1,177; 1,293)

442 (360; 525)

14 (5; 24) 10 (5; 15)
8,369 5,183 1,207
(7,413;9,328) (5,065; 5,301) (1,150; 1,264)

14,759 (14,559; 14,959)

*Patients with terminal cancer recurrence are assumed to be treated with generalised disease.

309 (280; 338)

1,207 (1,150; 1,264)*

incidence and age-drift model for
extrapolations. Cure fraction model
is employed for relative survival
estimation, including period effect
useful for extrapolation of survival into
future time periods. In principle, our
model uses similar back-calculation
technique. Incidence is described
and extrapolated through age-drift
model; the observed survival is used
for describing the patient prognosis.
The survival is estimated through
life-table method with moving window
approach, using logistic regression
model for future projections. The
principal distinction between PIAMOD
and our model is therefore a different
approach for estimation of survival.
The fully parametric representation of
patient survival in PIAMOD model may
be more suitable notably for projections
in cancer diagnoses with good chance

for long-term survival (e.g. Hodgkin
disease, cancer of testis, etc).
Predictive population modelling
allows us to work with different sce-
narios for individual epidemiological
characteristics, which logically leads
to different estimates of incidence and
particularly prevalence. An example
might be the trend in cancer incidence,
which can either follow a particular
trend, or it may show stabilized values
(of course, expressed per 100,000 people).
Therefore, the incidence rates can be
modelled using statistical tools, or
we can assume a stabilized behavior
according to the latest available data.
Another example of using scenarios
in population-based modelling is the
evaluation of cancer survival. Again, we
can assume that survival rates are not
changing over time, and calculate them
using the most recent patient data.

On the other hand, we can assume that
the improvement in cancer survival
will show recently identified trends
also in the future. In accordance with
other epidemiological studies, for
example [21], four scenarios combining
progress in incidence and survival rates
were considered in our prevalence
model. However, results corresponding
to only one of the scenarios are
presented in this paper due to space
restrictions.

In colorectal cancer, for example, we
feel that the most likely scenario for
the forthcoming years is the one with
improving survival rates [10]; however,
the stage-specific trends in incidence
are not uniform. The incidence of stage |
colorectal cancer is increasing due
to earlier detection within colorectal
cancer screening, where uptake of the
screening program has substantially
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Tab. 9. Stage-specific estimates of prevalence of patients requiring active anti-tumor therapy for prostate cancer in the Czech
Republic in 2015 and 2020. Numbers of patients are accompanied with 90% confidence intervals (in brackets).

Prostate (C61)

year 2015
stage | + I
stage lll

stage IV

stage unknown

number of treated patients in given
category

total number of treated patients

year 2020
stage | + 1
stage lll

stage llll

stage unknown

number of treated patients in given
category

total number of treated patients

Newly diagnosed cancer
patients

6,058 (5,683; 6,434)
1,214 (1,106; 1,321)
874 (820; 929)

51(24;78) 78 (63;93)
8,197 7,226 1,176
(7,633; 8,762) (7,086; 7,366) (1,120; 1,232)

16,599 (16,387; 16,811)

8,489 (7,969; 9,007)
1,644 (1,500; 1,788)
1,060 (981; 1,138)
26 (7; 46)

11,219
(10,457; 11,979)

*Patients with terminal cancer recurrence are assumed to be treated with generalised disease.

Non-terminal recurrence
in patients from
previous years

4,785 (4,671; 4,899)
1,536 (1,472; 1,600)
827 (780; 874)

7,677 (7,533;7,821)

2,354 (2,274; 2,434)

1,084 (1,030; 1,138)
44 (33;55)

11,159
(10,985; 11,333)

23,652 (23,399; 23,905)

Terminal recurrence
in patients from
previous years

1,176 (1,120; 1,232)*

1,274 (1,215; 1,333)*

1,274
(1,215; 1,333)

increased in recent years [22]. On the
other hand, stabilized incidence rates
can be expected for advanced colo-
rectal cancer. The improvement in survi-
val rates can be attributed to the es-
tablishment of the network of highly
specialized Comprehensive Cancer
Centers that took place in the Czech
Republicin 2006 [2],and the introduction
of molecular targeted therapy in recent
years.

Due to various health care inter-
ventions, e.g. the above mentioned
screening programs, the recent situation
in cancer epidemiology differs from diag-
nosis to diagnosis. For example, the
incidence of breast carcinoma in females
is significantly increasing (growth index
2001-2011: 22.9%), it is accompanied
with continuous increase of cases dia-
gnosed early (according to recent data,
75.3% of incident cases were diagnosed
in stage l orll) [3]. These positive changes
are due to increasing impact of the
Czech national breast cancer screening

program [23] which already reached
more than 50% coverage of target
female population (aged 45-69 years).
Similarly, as a consequence of widely
used PSA test, we can observe a growing
incidence of early detected prostate
cancer although no organized screening
for this type of cancer exists in the Czech
Republic.

The most appealing and most argu-
able components of the model are
cancer recurrence rates of patients diag-
nosed in the past and living in the year
of interest. The rationale behind the
estimation of functions representing
the non-terminal and terminal cancer
recurrence rates is to use surrogate
parameters, which introduces high
requirements on the data quality of
the population-based registry. Such
high quality of population-based data
cannot be fully guaranteed; however,
we feel that the estimates coming
from the population-based databases
may be more appropriate in this

type of modelling, as the estimates
calculated from clinical or hospital
data can lead to biased results due
to non-representativeness of the un-
derlying set of patients.

Conclusions

In this paper, we present the stage-
-specific predictions of cancer in-
cidence and prevalence, and stage-
and region-specific predictions of the
number of patients requiring active
anti-tumor therapy for malignant
tumors in the Czech Republic in
2015 and 2020. The analysis, which
utilizes solely the population-based
cancer registry data, documents
a serious increase in cancer incidence
and prevalence in the Czech Republic
inyears 2015 and 2020 when compared
to the situation in 2011. Moreover,
the stage- and region-specific pre-
dictions for colorectal, lung, female
breast, and prostate cancer implies
correspondingly increasing numbers
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