
AAiimm  ooff  tthhee  ssttuuddyy::  The cancer incidence
in Wielkopolska in 2008 was one of the
highest in the country and was higher
than in Poland by 21% in men and by
14% in women. We can quantify the fu-
ture burden of cancer from two different
perspectives: the number of new cancer
cases due to population change and new
cases due to risk change. Making pre-
dictions of number of new cancer cas-
es in Wielko polska in 2018.
MMaatteerriiaall  aanndd  mmeetthhooddss:: These projections
of number of cancer cases, age specif-
ic rates and age-standardized rates for
2018 (all cancers and the most fre-
quent cancers for men and women) has
been based on the historical trends of
cancer incidence in Wielkopolska in
1999-2008 and demographical progno-
sis of Central Statistical Office using the
method of Hakulinen and Dyba.
RReessuullttss::  There will be over 8000 new can-
cer cases in men in Wielkopolska in 2018
and over 7000 in women. Compare to
the period 2004-2008 the number of can-
cer cases will increase by 45% for men
and by nearly 30% for women. About 2/3
of the increase in Wielkopolska is pre-
dicted to be connected with demogra-
phy change, 1/3 with risk change.
CCoonncclluussiioonnss::  The predicted increase of
number of cancer cases in Wielkopols-
ka in 2018 will be the result of: changes
in the population (bigger impact of the
older age groups), an influence of the risk
factors (mainly smoking) and a partici-
pation in the screening programs.

KKeeyy  wwoorrddss::  cancer, incidence, predictions,
demography, risk.
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Introduction

In 2008, 6649 new cancer cases among men and 6294 cases among women
were registered in Wielkopolska [1]. In the whole country, 65 477 new cancer
cases in men and 65 586 cases in women were registered [2]. Cancer incidence
among men in Wielkopolska in 2008 (298.9 per 100 000) was higher than the
incidence in the whole of Poland by 21%, SRR (standardized rate ratio) = 1.21,
95% CI = 1.18-1.25 (incidence in Poland 246.1 per 100 000). Incidence among
women in Wielkopolska (224.6 per 100 000) was higher than in Poland by 14%,
SRR = 1.14, 95% CI = 1.11-1.17 (incidence in Poland 197.3 per 100 000) [2].

The most frequent cancer among males in Wielkopolska was lung cancer
(19.4%), followed by prostate cancer (15.0%), colorectal cancer (10.9%), blad-
der cancer (6.5%), stomach cancer (4.7%) and kidney cancer (4.1%) (Fig. 1).
Among females the most frequent cancer was breast (22.1%), then colorec-
tal cancer (9.6%), lung cancer (7.7%), corpus uteri cancer (6.5%), cervical can-
cer (4.6%) and ovarian cancer (4.6%) (Fig. 2).

An increase of incidence for colorectal cancer, prostate cancer (very rapid
acceleration after 1995), bladder cancer and kidney cancer was observed be-
tween 1985 and 2008 among men in Wielkopolska. After the initial increase
for lung cancer the rates changed in 1998 and the incidence slowly began to
decrease. A steady decrease of incidence was observed in the years 1985-2008
for stomach cancer (Fig. 3). Among women we observed an increase of inci-
dence for breast cancer, lung cancer and endometrial cancer. In the years 1985-
1999 an increasing trend for colorectal cancer occurred and after this period
the rates remained at a stable level. A constant level of incidence in the years
1998-2008 was observed for ovarian cancer. A decreasing tendency for the
1985-2008 period was characteristic for cervical cancer (Fig. 4).

The predicted number of cancer cases in the future will be the result of
changes in the age composition of the population, size of the population and
historical trends of cancer incidence. We can quantify the future burden of
cancer from two perspectives [3]. Firstly, age-standardized rates describe the
occurrence of cancer on a per capita basis, taking account of changes in age
composition and size of the population [4]. Secondly, from the point of view
of cancer care and cancer services provision, the burden of cancer is more use-
fully measured as the total number of persons with cancer who require di-
agnostic, therapeutic, supportive or palliative services [5]. Predictions could
be useful in planning the allocation of the sources as well as in evaluation of
the disease control (primary prevention, screening programmes).

The biggest determinant of the level of cancers in the future is the process
of an ageing population, as cancer is a disease more common in older peo-
ple. While age-standardized rates may decrease for several cancers in
Wielkopolska, the absolute number of cancer cases will increase. Most can-
cers (69% in men and 58% in women) in Wielkopolska are diagnosed in the
population over 60, so any change in the size of this population is an impor-
tant factor for the future cancer incidence. The predicted changes in the size
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and composition of the population (the increase of the pop-
ulation over 60) will be connected with the increasing num-
ber of new registered cancer cases. Figure 5 shows the com-
position of Wielkopolska male and female population in the
years 2004-2008 and the predicted size and structure of the
population in 2018. The male population over 60 will increase
from 212 920 (average mean for the 2004-2008 period) to
330 895 in 2018. The percentage of this population will in-
crease from 13.0% to 19.7%. The number of females over 
60 will change from 322 690 to 460 827 and the percentage
from 18.6% to 25.8%.

Material and methods

The cancer incidence rates in Wielkopolska in the years
1999-2008 were calculated using the Regional Cancer Reg-
istry data (new cancer cases) and the population data from
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FFiigg..  11.. The structure of incidence in Wielkopolska, men, year
2008. Number of new cancer cases among males: 6649
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FFiigg..  22.. The structure of incidence in Wielkopolska, women, year
2008. Number of new cancer cases among females: 6294
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FFiigg..  33.. Incidence trends for the most frequent cancers among
men in Wielkopolska. Standardized rate per 100 000
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FFiigg..  44..  Incidence trends for the most frequent cancers among
women in Wielkopolska. Standardized rate per 100 000
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FFiigg..  55.. Demographic prognosis for Wielkopolska
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the Statistical Office. The World Standard Population was used
for calculation of age-standardized rates. It is worth under-
lining that the Wielkopolska Regional Cancer Registry is the
one with the highest data completeness in Poland, which im-
proves the accuracy of the prognosis [2].

In Poland the 10th Revision of the International Classifi-
cation of Diseases (1994) is currently binding. The predict-
ed number of cancer cases, age-specific rates and age-stan-
dardized rates for the most frequent cancer sites among men
and women in 2018 were calculated on the basis of the his-
torical incidence trends for Wielkopolska in the years 1999-
2008 and the demographic prognosis created by the Cen-
tral Statistical Office [6] using the method of Dyba and
Hakulinen. The following underlying theoretical assumptions
apply to these analyses:
1. Future incidence trends can be modelled by extrapolating

a historic trend.
2. The lengths of the data time series permit the estimation

of models that take account of age-sex group specific
trends.

3. The number of cancer cases in each age-sex-time period
stratum are Poisson distributed.

4. Where historic trends in standardized incidence are de-
creasing, a log-linear model is appropriate to estimate the
average rate, whereas a linear model is used for increas-
ing or constant trends to avoid explosive growth.
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Poisson linear and log-linear models were fitted to age-
specific cancer incidence rates for the age groups 0-44, 
45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79, 80-84, 85 and
over. Due to the small number of cancer cases in the youngest
age groups, the groups have been aggregated into one: 
0-44. Estimates of the parameters for each of the models were
calculated using the STATA 11.0 statistical package for Win-
dows [7-11].

The predicted values for 2018 in Wielkopolska were
compared to the years 2004-2008 (2004-2008 is used as
a baseline, as a five-year average gives the most stable es-
timate of current numbers). The predicted values for Poland
were compared to the year 2006. The percentage change in
number of cases from 2004-2008 to 2018 was divided into
one part due to increased risk of being diagnosed with can-
cer, and another due to changes in the population size and
age distribution [12].

Results

Considered overall, the numbers of all cancers combined
(excluding non-melanoma skin cancer) are predicted to in-
crease for Poland and Wielkopolska for both sexes. A 45%
increase for the male population and 28.8% for females is
predicted in Wielkopolska. The forecast for Poland is a 19.2%
increase for males and 24.3% for females. Tables 1 and 2 break
down the increase into the contribution from change in pop-

ulation and change in risk. The effect of demography is
stronger than the effect of risk. About 2/3 of the increase in
Wielkopolska is predicted to be connected with demogra-
phy change, 1/3 with risk change. The forecasted effect of
demography is slightly higher for Wielkopolska than for
Poland. More cancers are diagnosed after the age of 60 for
males and after the age of 50 for females in Wielkopolska
compared to the whole country. For the male population in
Poland the whole increase of number of cancers is due to
the change in population. A decrease of risk will be observed
for males in Poland. In Wielkopolska the increase in numbers
of cancer cases will be the result of both change in population
and change in risk. A notable difference in risk influence be-
tween Wielkopolska and Poland in males could be largely ex-
plained by the trends for lung cancer and prostate cancer.
The increase in the number of cancer cases in females is pre-
dicted to be due to both the change in population and change
in risk.

Table 3 shows the forecasted change in number of can-
cer cases in males in Wielkopolska and breaks down the
change in incidence into the contribution from change in pop-
ulation and change in risk. For most cancers the effect of de-
mography is between 25% and 35%. The only cancer for which
there is a decreasing tendency in number of cases connected
with change in population is testicular cancer. The most no-
table increase in number of cancer cases due to risk will be

TTaabbllee  11..  Mean annual number of cases as observed in 2004-2008 in Wielkopolska, number of cases in Poland in 2006 and predicted
for both population for 2018 by site, males. Corresponding percentage change in incidence, decomposed into changing risk and
demographic components

IICCDD--1100 SSiittee NNuummbbeerr  ooff  ccaanncceerr  ccaasseess  CChhaannggee CChhaannggee CChhaannggee  dduuee  
oovveerraallll oovveerraallll  ((%%)) ttoo  cchhaannggee  iinn::

22000044--22000088  22001188 9955%%  CCII ppooppuullaattiioonn  ((%%))  rriisskk  %%
((22000066))

C00-C97, ALL SITES  5637 8171 7778-8564 2534 45.0 29.6 15.4
D00-D09 EXCLUDING NMSC*
excluding C44 WIELKOPOLSKA

C00-C97, ALL SITES 60 168 71 712 70 069-73 355 11 544 19.2 24.2 –5.0
D00-D09 excluding C44 

EXCLUDING NMSC* 
POLAND

*NMSC – non-melanoma skin cancer

TTaabbllee  22.. Mean annual number of cases as observed in 2004-2008 in Wielkopolska, number of cases in Poland in 2006 and predicted
for both population for 2018 by site, females. Corresponding percentage change in incidence, decomposed into changing risk and
demographic components

IICCDD--1100 SSiittee NNuummbbeerr  ooff  ccaanncceerr  ccaasseess  CChhaannggee CChhaannggee CChhaannggee  dduuee  
oovveerraallll oovveerraallll  ((%%)) ttoo  cchhaannggee  iinn::

22000044--22000088  22001188 9955%%  CCII ppooppuullaattiioonn  ((%%))  rriisskk  %%

C00-C97, ALL SITES 5485 7064 6702-7426 1579 28.8 19.5 9.3
D00-D09 EXCLUDING NMSC*
excluding C44 WIELKOPOLSKA

C00-C97, ALL SITES 57 621 71 624 69 958-73 290 14 003 24.3 15.6 8.7
D00-D09 EXCLUDING NMSC*
excluding C44 POLAND

*NMSC – non-melanoma skin cancer
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4411Predictions of cancer incidence in Wielkopolska in 2018

TTaabbllee  33.. Mean annual number of cases as observed in 2004-2008 in Wielkopolska and predicted for 2018 by site, males. Correspond-
ing percentage change in incidence, decomposed into changing risk and demographic components

IICCDD--1100 SSiittee NNuummbbeerr  ooff  ccaanncceerr  ccaasseess  CChhaannggee CChhaannggee CChhaannggee  dduuee  
oovveerraallll oovveerraallll  ((%%)) ttoo  cchhaannggee  iinn::

22000044--22000088  22001188 9955%%  CCII ppooppuullaattiioonn  ((%%))  rriisskk  %%

C00-C06 ORAL CAVITY 110 82 52-113 –28 –25.4 21.8 –47.2

C15 OESOPHAGUS 95 122 75-169 27 28.4 27.4 1.0

C16 STOMACH 326 330 261-400 4 1.2 33.4 –32.2

C18-C21 COLORECTAL 733 1160 1025-1294 427 58.2 32.6 25.6

C25 PANCREAS 150 159 111-208 9 6.0 29.3 –23.3

C33-C34 LUNG 1287 1507 1347-1668 220 17.1 31.5 –14.4

C32 LARYNX 184 164 118-210 –20 –10.9 25.0 –35.9

C43 MELANOMA 99 170 122-219 71 71.7 23.2 48.5

C61 PROSTATE 783 1944 1796-2092 1161 148.2 37.9 110.3

C62 TESTIS 99 105 67-143 6 6.1 –4.0 10.1

C64-C66, C68 KIDNEY 225 326 255-397 101 44.9 26.7 18.2

C67 BLADDER 390 591 493-689 201 51.5 31.3 20.2

C71-C72 BRAIN 123 155 106-205 32 26.0 17.1 8.9

C82-C85 LYMPHOMAS 128 184 131-236 56 43.7 25.0 18.7

C91-C95 LEUKAEMIAS 133 162 103-222 29 21.8 21.0 0.8

observed for prostate cancer. An increasing tendency con-
nected with risk will be characteristic also for colorectal can-
cer, melanoma skin cancer, kidney cancer, bladder cancer and
lymphomas. For several cancers a decrease in the number
of cases connected with risk influence is predicted (oral cav-
ity cancer, stomach cancer, pancreatic cancer, lung cancer,
laryngeal cancer). For lung cancer, despite the decreasing ten-
dency connected with risk there is still an increasing trend
in change overall because of the strong influence of de-
mography. For pancreatic cancer and stomach cancer the in-
creasing tendency connected with demography is com-
pensated by the decreasing tendency connected with risk.

Taking into consideration both demographic change
and change in risk, the estimated numbers of new cancers
in females in Wielkopolska are shown in Table 4. The influ-
ence of change in population for most cancers will be slight-
ly lower than in males, 15-25%. The highest increase in num-
ber of cancer cases due to demography is predicted for
pancreatic cancer (27.2%), bladder cancer (26.4%) and gall-
bladder cancer (25.8%). High diversity is observed for the
change in the number of cancer cases connected with risk
influence. A substantial increasing tendency is predicted for
bladder cancer (56.6%), lung cancer (44.2%), endometrial can-
cer (32.3%) and lymphomas (31.8%). The analysis forecasts
a decrease in the number of cancer cases due to risk of stom-
ach cancer, gallbladder cancer, ovarian cancer and cervical
cancer. A notable difference in the predicted change in num-
ber of cases between the male and female population is seen
for colorectal cancer. In females the whole increase (24.6%)
is predicted to be connected with demography. In males the

predicted increase is higher (58.2%) and will be the result
of a change in demography as well as a change in risk.

Discussion

Future changes in the number of cancers occurring in the
population are only predictable if they are linear extensions
of past trends; otherwise, future period effects are not pre-
dictable from past rates. This is a major source of uncertainty
in cancer forecasts and is the main reason why many pre-
dictions turn out to be too low or too high. The analysis makes
no assumption about changes in exposure to risk factors, but
relies entirely on the extrapolation of the recorded rates in
the past. These predictions also assume that current trends
will remain unchanged in the future. With respect to random
error control the continuation of a trend is a successful way
of making cancer incidence predictions up to 10 years into
the future. For a longer period, the random error becomes
too large [3, 10, 13].

The model of cancer prognosis for both male and female
lung cancer could be improved upon by the inclusion of in-
formation on smoking, as about 90% of lung cancers are di-
rectly attributed to tobacco [14, 15].

It should be emphasized that the predicted numbers of
cases are uncertain and the prediction holds true as long as
there are no qualitative or major quantitative changes in any
of the underlying factors (smoking habits, screening pro-
grammes) [11]. The trends may also be affected by changes
in the definitions or diagnostic criteria. A new factor can af-
fect the whole population or only a part of it. The imple-



mentation of the breast cancer screening programme affects
only women aged 50-69. When predictions for breast can-
cer in Wielkopolska were restricted only to females aged 
50-69, an increase of 49.5% was achieved (29.5% for the
whole female population). The contribution of increase
due to risk rises from 11.8% for all females to 27.9% for the
age group 50-69. An improvement in the screening partic-
ipation rate will increase the number of new breast cancer
cases due to early diagnosis of cases which in the absence
of screening would be detected later or would not be detected
at all (overdiagnosis cases). So it may appear that the pre-
dicted values are too low.

In the analysis for Nordic countries, the errors of predicted
numbers compared with actual numbers observed subse-
quently were typically 10-20% on either side [16]. A similar
analysis in Scotland showed that half of the predicted future
numbers were incorrect by more than 10% and a fifth by more
than 20% [17].

The single most critical aspect of these predictions con-
cerns the future number of prostate cancer cases. The stan-
dard set of assumptions would predict more than a double
increase in the number of cases. A very sharp increase in in-
cidence is predicted also for Poland in 2020 in the analysis
made by Didkowska and co-authors [18]. We considered these
prognoses rather unlikely so we decided to assume that the
age-specific rates in 2004-2008 would remain constant, so
that the future number of prostate cancer cases would in-
crease only in consequence of demographic changes in the
population. On the basis of this assumption the predicted
number of cases in 2018 is 1080 (instead of 1944). That means

an increase by 37.9%. The real number of prostate cancer
cases in the future will depend on the continuation of the
present trend, a 10.6% increase of age-standardized rate per
year in 1995-2008. The future use of prostate-specific anti-
gen (PSA) testing will be very important. The number of can-
cer cases among older men may increase if the use of PSA
testing in asymptomatic men in this age group increases.

In a few countries with very high prostate cancer incidence
(Sweden, Finland, the Netherlands) the rate has begun to
fall in the last years [19].

The fact that the prediction does not come true may in-
dicate success of a cancer prevention method. A prediction
made by extrapolation shows how large the incidence
would be if the trend in the incidence were not affected [10].
The major concern of primary prevention is the reduction of
smoking. Success of this campaign will result in a lower than
expected number of cancer cases connected with smoking
(especially lung cancer). Participation in mass screening pro-
grammes aimed at early detection of precancerous lesions
has decreased the incidence of cervical cancer so the pre-
dicted numbers of cancer cases would be too high. A breast
cancer screening programme aimed at early detection of can-
cer leads to an increase of incidence above the expectations.
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