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Summary
Background  Prediction of the number of incident cancer 
cases is very relevant for health planning purposes and 
allocation of resources. The shift towards elder age groups 
in central European populations in the next decades is 
likely to contribute to an increase in cancer incidence 
for many cancer sites. In Tyrol, cancer incidence data 
have been registered on a high level of completeness for 
more than 20 years. We therefore aimed to compute well-
founded predictions of cancer incidence for Tyrol for the 
year 2020 for all frequent cancer sites and for all cancer 
sites combined.

Methods  After defining a prediction base range for 
every cancer site, we extrapolated the age-specific time 
trends in the prediction base range following a linear 
model for increasing and a log-linear model for decreas-
ing time trends. The extrapolated time trends were evalu-
ated for the year 2020 applying population figures sup-
plied by Statistics Austria.

Results  Compared with the number of annual inci-
dent cases for the year 2009 for all cancer sites com-
bined except non-melanoma skin cancer, we predicted 
an increase of 235 (15 %) and 362 (21 %) for females and 

males, respectively. For both sexes, more than 90 % of 
the increase is attributable to the shift toward older age 
groups in the next decade. The biggest increase in abso-
lute numbers is seen for females in breast cancer (92, 
21 %), lung cancer (64, 52 %), colorectal cancer (40, 24 %), 
melanoma (38, 30 %) and the haematopoietic system 
(37, 35 %) and for males in prostate cancer (105, 25 %), 
colorectal cancer (91, 45 %), the haematopoietic system 
(71, 55 %), bladder cancer (69, 100 %) and melanoma (64, 
52 %).

Conclusions  The increase in the number of incident 
cancer cases of 15 % in females and 21 % in males in 
the next decade is very relevant for planning purposes. 
However, external factors cause uncertainty in the pre-
diction of some cancer sites (mainly prostate cancer and 
colorectal cancer) and the prediction intervals are still 
broad. Therefore, our predictions must be interpreted 
with some caution.
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Vorhersage der Krebsinzidenz in Tirol/Österreich 
für das Diagnosejahr 2020

Zusammenfassung
Hintergrund  Die Vorhersage der Anzahl von inzidenten 
Krebspatienten für zukünftige Jahre ist sehr wichtig für 
die Gesundheitsplanung, insbesondere für die Planung 
von Ressourcen für den onkologischen Bereich. Allein 
die Verschiebung der Altersstruktur in Richtung ältere 
Jahrgänge wird in den nächsten Jahrzehnten zu einer 
Zunahme der inzidenten Krebsfälle für viele Krebsenti-
täten führen. In Tirol sammelt das Krebsregister Tirol die 
inzidenten Krebsfälle mit einem hohen Grad von Voll-
zähligkeit seit mehr als zwei Jahrzehnten. Daher war es 
unser Ziel, gut fundierte Vorhersagen für die Krebsinzi-
denz in Tirol für das Diagnosejahr 2020 zu berechnen, 
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und zwar für die häufigen Krebsentitäten und für alle 
Krebsfälle zusammengefasst

Methoden  Nach der Definition eines Zeitraums für 
die Prognosebasis für jede einzelne Krebsentität haben 
wir die altersspezifischen Raten extrapoliert, und zwar 
mit einem linearen Modell bei einer Zunahme und mit 
einem loglinearen Modell bei einer Abnahme im Zeit-
raum für die Prognosebasis. Der extrapolierte Zeittrend 
wurde dann auf die Bevölkerungsstruktur von 2020 ange-
wandt, die Bevölkerungszahlen wurden von der Statistik 
Austria prognostiziert.

Resultate  Verglichen mit den Anzahlen im Diagnose-
jahr 2009 wurde für die Zusammenfassung aller Krebs-
entitäten mit Ausnahme der nicht-melanotischen Haut-
tumore eine Zunahme von 235 (15 %) bei den Frauen und 
von 362 (21 %) bei den Männern prognostiziert. Für beide 
Geschlechter ist 90 % der Zunahme durch die Verschie-
bung der Altersstruktur erklärbar. Der stärkste Anstieg 
wurde bei den Frauen prognostiziert für Mammakarzi-
nom (92, 21 %), Lungenkarzinom (64, 52 %), kolorektales 
Karzinom (40, 24 %), Melanom (38, 30 %) und Neubil-
dungen im hämatopoetischen System (37, 35 %). Bei den 
Männern waren die stärksten Anstiege zu beobachten 
beim Prostatakarzinom (105, 25 %), kolorektalen Karzi-
nom (91, 45 %), bösartigen Neubildungen im hämato-
poetischen System (71, 55 %), Harnblasenkarzinom (69, 
100 %) und Melanom (64, 52 %).

Schlussfolgerungen  Die Zunahme der Anzahl der neu-
erkrankten Krebsfälle von 15 % bei den Frauen und 21 % 
bei den Männern ist äußerst relevant für die Gesund-
heitsplanung. Allerdings verursachen externe Faktoren 
eine höheren Grad an Unsicherheit in der Vorhersage, 
insbesondere für Prostatakarzinome und kolorektale 
Karzinome, außerdem sind die Vorhersageintervalle 
breit. Daher müssen die Resultate mit Vorsicht interpre-
tiert werden.

Schlüsselwörter  Krebsregister · Inzidenz · Prognose

Abbreviations

NMSC	� Non-melanoma skin cancer
PBR	� Prediction base range
PCA	� Prostate cancer
PSA	� Prostate-specific antigen
BCA	� Breast cancer

Introduction

For most cancer sites, risk increases exponentially with 
age. Therefore, the rapid changes in age structure in the 
European populations towards elderly people in the next 
decades will cause an increase in the number of cancer 
patients and this increase is of very high public health 
interest. Think, for example, of the costs to the health 
care system caused by cancer patients or think of chal-
lenges in planning and/or allocation of resources.

The principles underlying prediction models make it 
a very challenging task to predict valid numbers for can-
cer incidence. First of all, cancer prediction calls for the 
time trend of cancer incidence to be modelled. The key 
question is which model is the best model for a given 
picture of cancer incidence in a given country. While 
general principles exist, modelling requires that the best 
model be chosen for each particular cancer site. Second, 
prediction of cancer figures calls for a thorough under-
standing of the factors influencing time trends. It goes 
without saying that predictions, at least long-term pre-
dictions, are cloaked in uncertainty, because, for exam-
ple, we cannot predict how factors that are influenced 
by political or public health decisions will behave in the 
future. For instance, decisions on screening activities or 
on stop-smoking campaigns to take place in the future 
will change cancer incidence. Third, given a number of 
uncertainties, a cautious interpretation of the results is 
warranted. These challenges might be even greater in a 
smaller country, where current time trends are inher-
ently more exposed to random variation. In summary, 
prediction of cancer incidence is a challenging task, but 
one that is very important from the public health per-
spective [1].

The general assumption underlying all prediction 
modelling is that the current trend can be extrapolated 
to the future. Thus, one of the key assumptions is that the 
registration of cancer incidence will remain at a constant 
high level of completeness during the whole prediction 
interval. Also, the choice of prediction base, namely 
the time period from which the observed time trend is 
extrapolated to the future, is an important issue. If the 
chosen prediction base is too short, the predicted num-
bers could rely too strongly on most recent data, which 
might not characterise future development, or they could 
rely on random variation. If, on the other hand, the cho-
sen prediction base is too long, the predictions can be too 
strongly influenced by historical time data, which again 
might not characterise the future situation.

In Tyrol, cancer incidence data have been registered 
on a high level of completeness for more than 20 years. 
Therefore, we aimed to compute well-founded predic-
tions for cancer incidence for Tyrol for the year 2020 for 
all frequent cancer sites and for all cancer sites combined.

Methods

Cancer Incidence data are collected by the Cancer Reg-
istry of Tyrol. The Cancer Registry of Tyrol was estab-
lished in 1986 and has registered data on a population 
basis since 1988. Also since 1988, registry data have been 
published in Cancer Incidence in Five Continents [2]. 
A detailed analysis of completeness as well as a com-
prehensive analysis of data quality has been published 
elsewhere [3]. We aimed to calculate predictions for all 
cancer sites with at least 20 incident cases per year and 
sex.
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structure only, we compared the estimated number of 
cases with the number of cases obtained when applying 
the estimated age-specific incidence rates for the year 
2020 to the estimated population size for the year 2020, 
but based on the age structure of 2009.

All computations were performed with Stata, Version 
11.0 [7], applying a package written by T. Dyba [8].

Population data, namely for the time period from 1988 
to 2009 as well as projections for 2020, were supplied by 
Statistics Austria [9]. The population of Tyrol in 2009 was 
704,792, 51.1 % females. The predicted population size 
for the year 2020 is 726,847, i.e. an increase of 3.0 %. The 
age group ≥ 70 made up 10.7 % of the population in 2009 
and is predicted to be 13.9 % in 2020.

Results

Throughout the Results section, increase or decrease in 
the number of incident cases is defined as the absolute 
difference in the numbers predicted for year 2020 as 
compared with the average number of cases in the period 
2007–2009. Percentages are relative percentages of the 
increase in absolute numbers as compared with the aver-
age number of cases in 2007–2009.

For females, for all cancer sites combined except 
NMSC, we predicted an increase of 235 (15 %) in the num-
ber of incident cases for 2020, see Fig. 1. We predicted, for 
2020, an increase of more than 20 cases per year for breast 
cancer (92 cases, 21 %), lung cancer (64 cases, 52 %), 
colorectal cancer (40 cases, 24 %), melanoma (38 cases, 
30 %) and the haematopoietic system (37 cases, 35 %); 
details are shown in Table 1. A decrease for the year 2020 
was predicted for stomach cancer (− 12 cases, − 24 %), 
cervical cancer (− 5 cases, − 12 %) and ovarian cancer (− 4 
cases, − 6 %). For all cancer sites except NMSC 94 % of the 
increase is due to the shift towards older age groups, and 
for most cancer sites with a predicted increase more than 
half of the increase can be attributed to the shift towards 
older age groups.

Prediction was computed based on a methodology 
proposed by Hakulinen and Dyba [4–6]. The underly-
ing assumptions are: (1) future cancer incidence trends 
can be modelled by extrapolating the historic trend; (2) 
the length of the data time series (prediction base range) 
permits models to be estimated that take into account 
age- and sex-specific trends; (3) the number of events in 
each age-sex-time period stratum are Poisson-distrib-
uted. Based on these assumptions, Hakulinen and Dyba 
proposed the following linear model

� (1)

for increasing time trends, and the following log-linear 
model

� (2)

for decreasing time trends, with i and t denoting an index 
for age class and time, respectively, dit

 and n
it
 denoting the 

number of cases and the person-years in each age-time 
stratum, respectively, and αi and βi denoting the unknown 
parameters to be estimated by the model. We applied 
age-specific models throughout this analysis in order to 
allow for different time trends in age groups. Age was cat-
egorized in broader groups, namely 0–49, 50–59, 60–69, 
70–79 and ≥ 80. For example, for female lung cancer in 
the age class 50–59 (i = 2) the estimates for 2α̂  and 

2β̂  are 
calculated on the basis of the data observed in the PBR. 
Based on the population estimate 2,2020d̂  for the number 
of females in age class 50–59 in year 2020 we can finally 
calculate the estimate 2,2020 2,2020 2 2

ˆˆ ˆˆ *( *2020)n d= +α β . 
After having calculated the estimates for each age class 
0–49, 50–59, 60–69, 70–79 and ≥ 80, the total number of 
female lung cancer cases is calculated as the sum of the 
predicted number of cases in the individual age classes.

In order to obtain a more stable estimate for some 
rarer cancer sites, the number of cases per year and age 
group where smoothed by applying a 3-year window.

Concerning the choice of PBR, namely the time inter-
val defining the time trend that is extrapolated accord-
ing to models (1) and (2), we carefully discussed the 
time trend for each particular cancer site. The decision 
was to define the PBR as the time period from 1990 to 
2009, thus omitting the first 2 years of registration, which 
could reflect a learning curve. We found a few excep-
tions from this general rule, namely bladder cancer (PBR 
2003–2009), prostate cancer (PBR 1993–2009) and all 
sites except NMSC including prostate cancer (PBR 1993–
2009). These decisions will be discussed in detail in the 
Discussion section.

We report the prediction in absolute number of cases, 
because this is the most relevant figure for both medical 
doctors and health policy makers. The prediction inter-
val was estimated as confidence interval for rates. In 
addition, we add the relative proportion of the increase 
based on the actual numbers (mean number of inci-
dent cases in the years 2007–2009). In order to estimate 
the proportion of increase attributable to the shift in age 

( )
it it i i

d n t= +α β

exp( )it it i id n tα β= +
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Fig. 1  Prediction of the number of female incident cancer 
cases in Tyrol/Austria (all cancers except non-melanoma skin 
cancer)
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der cancer (69 cases, 100 %), melanoma (64 cases, 52 %), 
head and neck cancer (32 cases, 42 %), pancreatic can-
cer (27 cases, 55 %), lung cancer (25 cases, 11 %) and 
liver cancer (23 cases, 62 %). The only cancer site with a 
predicted decrease of more than 10 cases for 2020 was 
stomach cancer (− 15 cases, − 22 %); details are shown 
in Table 2. For all cancer sites except NMSC 98 % of the 
increase is due to the shift toward older age groups in 
the next decade. For most cancer sites with a predicted 
increase more than half of the increase can be attributed 
to shifts in age structure, the only exception being mel-
anoma, for which 25 % of the increase is attributable to 
shifts in age structure.

Discussion

For the year 2020, as compared with 2007–2009, for all 
cancer sites combined except NMSC we demonstrated 
in Tyrol/Austria an increase in the number of incident 
cancer cases by 15 % for females and 21 % for men. The 
biggest increase in absolute numbers is seen for females 
in breast cancer (92), lung cancer (64), colorectal cancer 

For males, for all cancer sites combined except NMSC, 
we predicted an increase of 362 (21 %) in the incidence 
number for the year 2020, see Fig. 2. An increase for 2020 
of more than 20 cases per year was predicted for pros-
tate cancer (105 cases, 25 %), colorectal cancer (91 cases, 
45 %), the haematopoietic system (71 cases, 55 %), blad-

Table 1  Prediction of the number of female cancer incidence cases for the year 2020 with a 95 % prediction interval for Tyrol/
Austria; by cancer site

Cancer site [ICD10 

Codes]

Method Prediction 

base range

Number 

per year 

(2007–2009)

Predicted 

number for 

2020

Prediction 

interval

Difference 

in absolute 

numbers

Difference in 

percent (%)

Percent of 

difference 

attributable 

to shifts in 

age structure 

only (%)

All sites 
except non-
melanoma 
skin cancer

[C00-C97; 
D45-D47; 
exc. C44]

Linear 1990–2009 1539 1774 1660–1889 235 15 94

Head & neck [C00-C14; 
C30-C31]

Linear 1990–2009 36 53 36–71 17 47 47

Stomach [C16] Log-linear 1990–2009 50 38 23–52 − 12 − 24 − 58

Colon, 
rectum

[C18-C21] Log-linear 1990–2009 167 207 168–245 40 24 85

Pancreas [C25] Linear 1990–2009 54 69 46–91 15 28 80

Lung [C33-C34] Linear 1990–2009 123 187 153–221 64 52 48

Melanoma [C43] Linear 1990–2009 128 166 136–196 38 30 21

Breast [C50] Linear 1990–2009 428 520 459–581 92 21 60

Cervix uteri [C53] Log-linear 1990–2009 43 38 23–52 − 5 − 12 − 40

Corpus uteri [C54] Log-linear 1990–2009 65 83 59–107 18 28 78

Ovary [C56] Log-linear 1990–2009 64 60 41–80 − 4 − 6 − 225

Bladder [C67] Linear 2003–2009 22 19 0–54 − 3 − 14 − 100

Kidney [C64-C65] Log-linear 1990–2009 34 46 28–64 12 35 50

Central ner-
vous system

[C47; C70-
C72]

Log-linear 1990–2009 20 28 13–44 8 40 50

Thyroid gland [C73] Linear 1990–2009 67 66 46–87 − 1 − 1 0

Haematopoi-
etic system

[C81-C85; 
C88; C90-
C96]

Linear 1990–2009 105 142 111–173 37 35 54

ICD international classification of diseases
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Fig. 2  Prediction of the number of male incident cancer cases 
in Tyrol/Austria (all cancers except non-melanoma skin cancer)
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out that population trends are likely to differ between 
rural areas and entire countries [17].

After long deliberation we decided to also calculate a 
prediction for all cancer sites combined, despite the fact 
that several external factors that are expected to influ-
ence global cancer incidence were not modelled in our 
analysis. Some of the strong external factors are smok-
ing habits (we know that in high-income countries about 
30 % of cancer sites are attributable to smoking [18]) and 
screening attitudes or screening methods. With regard to 
smoking habits, no major steps in reducing smoking were 
achieved in Austria from 1900 to 2005 and, by comparison 
with many other countries, Austria took only “minor” 
steps to ban smoking in public places in 2005. Therefore, 
the effects of this smoking ban are expected to be small 
and, due to latency time, the effects are not expected to 
manifest themselves for another 15 years, meaning not 
before the year for which we predicted cancer incidence, 
namely 2020. From an international perspective, Strong 
et al. dealt with the interesting question of prevention of 
cancer through tobacco and infection control [19]. Soer-
jomataram et al. demonstrated that the lung cancer gap 

(40), melanoma (38) and the haematopoietic system (37) 
and for males in prostate cancer (105), colorectal cancer 
(91), the haematopoietic system (71), bladder cancer (69) 
and melanoma (64).

Our results are in line with those reported in the lit-
erature. A number of authors have demonstrated an 
increase in cancer incidence and/or mortality worldwide 
[1, 10–13]. The increase in corpus cancer is in line with 
that found in an investigation conducted in Norway, in 
which Lindeman et al. concluded there would be a dra-
matic increase unless effective preventive strategies are 
implemented [14]. The decline in stomach cancer was 
also shown by Amiri et al. [15]. Quon et al. showed a dra-
matic increase in prostate cancer incidence for Canada 
[16], which corresponds fairly well to the increase in 
prostate cancer incidence demonstrated by our analysis.

However, when comparing results of cancer incidence 
prediction between countries, one must bear in mind 
that the distribution of cancer sites can differ, as is clearly 
demonstrated by the difference between high-income 
and low-income countries [13]. Coupland et al. pointed 

Table 2  Prediction of the number of male cancer incidence cases for the year 2020 with a 95% prediction interval in Tyrol/
Austria; by cancer site

Cancer site [ICD10 

Codes]

Method Prediction 

base range

Number 

per year 

(2007–2009)

Predicted 

number for 

2020

Prediction 

Interval

Difference 

in abolute 

numbers

Difference in 

percent (%)

Percent of 

difference 

attributable 

to shifts in 

age structure 

only (%)

All sites 
except non-
melanoma 
skin cancer

[C00-C97; 
D45-D47; 
exc. C44]

Log-linear 1993–2009 1729 2091 1958–2224 362 21 98

Head & neck [C00-C14; 
C30-C31]

Linear 1990–2009 76 108 81–136 32 42 53

Larynx [C32] Linear 1990–2009 26 25 10–41 − 1 − 4 − 400

Oesophagus [C15] Log-linear 1990–2009 18 26 12–41 8 44 63

Stomach [C16] Log-linear 1990–2009 69 54 36–72 − 15 − 22 − 87

Colon, 
rectum

[C18-C21] Linear 1990–2009 203 294 246–342 91 45 74

Liver [C22] Linear 1990–2009 37 60 39–81 23 62 61

Pancreas [C25] Linear 1990–2009 49 76 53–100 27 55 63

Lung [C33-C34] Log-linear 1990–2009 238 263 220–306 25 11 220

Melanoma [C43] Linear 1990–2009 122 186 154–219 64 52 25

Testis [C62] Linear 1990–2009 35 42 0–89 7 20 − 43

Prostate [C61] Log-linear 1993–2009 424 529 423–634 105 25 82

Bladder [C67] Linear 2003–2009 69 138 74–202 69 100 57

Kidney [C64-C65] Log-linear 1990–2009 59 69 47–91 10 17 110

Central ner-
vous system

[C47; C70-
C72]

Linear 1990–2009 26 36 20–52 10 38 60

Thyroid gland [C73] Linear 1990–2009 31 41 23–59 10 32 50

Haematopoi-
etic system

[C81-C85; 
C88; C90-
C96]

Linear 1990–2009 130 201 164–239 71 55 48

ICD international classification of diseases
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dence between 1995 and 2000, which in our opinion is 
most likely due to random variation), or to some other 
unknown cause. Since we have no data on colonoscopy 
screening attendance, we felt it would be best to base 
the prediction on a long-time PBR, which would act to 
smoothen random variation. However, the prediction for 
colorectal cancer is somewhat uncertain when we recall 
the possibility of a decrease of colorectal cancer inci-
dence due to colonoscopy screening attendance and this 
time trend could continue in the next decade.

Breast cancer (BCA) incidence increased until 1993, 
after which it was rather stable with some minor fluctua-
tions. The most plausible reason for the increase until 
1993 is the introduction of spontaneous mammography 
screening between 1990 and 1993. Intensification of the 
screening program around 2000 and the introduction 
of an organized screening program in mid-2008 caused 
only minor changes in incidence: the most likely expla-
nation for this is that after more than a decade of sponta-
neous mammography screening, further changes in the 
program caused only minor effects in the pre-screened 
population. Similar time trends are known from subse-
quent screening rounds in many countries.

The incidence of prostate cancer in Tyrol is severely 
distorted by PSA testing: after testing started in 1992, 
prostate cancer incidence approximately doubled 
already in 1993 [23–25]. The past 5–7 years have shown a 
decrease in PCA incidence (most likely due to less inten-
sive PSA testing). However, we are not able to predict 
PSA test attendance in the coming decade and, in fact, 
we do not have sound data on PSA test attendance since 
2000 because we lack a screening database. Therefore, 
we decided to define the PBR for prostate cancer as the 
period from 1993 to 2009, because it should best reflect 
the time trend of prostate cancer incidence after intro-
ducing PSA testing in our region. However, given the 
uncertainties surrounding PSA test attendance in future, 
the prediction can also only be largely uncertain.

For bladder cancer we observed a sharp decrease 
in incidence, which is most likely due to the shift in the 
definition of invasive bladder cancer [1]. This decrease 
started in about 1995 and ended in 2003 (data not shown). 
The incidence of bladder cancer seems to have flattened 
since then at a lower level. Therefore, this cancer site was 
the only one with a rather short PBR, namely from 2003 
to 2009, and we felt rather confident with the prediction 
based on the chosen PBR.

When looking at the time trend for thyroid cancer, we 
observed peaks in individual years that can be attributed 
to time-dependent screening campaigns. In this situ-
ation choosing a long PBR smoothes away these peaks, 
which we feel should give a reliable basis for prediction.

Finally, melanoma in Tyrol is characterised by a large 
shift in melanoma cases from hospitals to dermatologists 
in private practice. After a long discussion we decided to 
also predict the number of melanoma cases because of 
the large number of cases and the high public health rel-
evance of this cancer entity. Our PBR choice was the long 
20-year period from 1990 to 2009. However, besides the 

between the socioeconomic groups can be reduced to 
some extent by targeted interventions against smoking 
[20], Menvielle et al. investigated scenarios of future lung 
cancer incidence by educational level in Denmark [21], 
and Didkowska et al. predicted lung cancer incidence on 
the basis of forecasts of hypothetical changes in smoking 
habits [22].

More effects can possibly be expected from changes 
in screening attitudes, in our opinion mostly with regard 
to colorectal cancer. If colonoscopy screening intensi-
fies in the upcoming years, we would expect a decrease 
in colorectal cancer incidence. However, no exact figures 
on colonoscopy screening attendance are available, and 
therefore there is considerable uncertainty concerning 
the prediction of colorectal cancer.

One factor that clearly influences the predicted num-
ber of cancer cases is the choice of prediction base range. 
Bearing in mind the small number of cases per year for 
some cancer sites in our population, we favoured a lon-
ger prediction base, namely from 1990 to 2009, in order to 
somewhat smoothen the rates caused by random varia-
tion. For a sensitivity analysis we investigated possible 
PBR alternatives, namely 1995–2009 and 2000–2009. After 
careful inspection of the time trend for all sites analysed, 
we concluded that in most situations, choosing a longer 
prediction base, as generally done in our analysis, gave 
very reasonable results (data not shown). The choice of a 
longer PBR could also be a good way to deal with random 
variation in historical data, which plays a role in a cancer 
registry smaller than ours.

Misspecification of the model could be a critical issue. 
However, in most situations the choice between the lin-
ear and the log-linear model was very straightforward. 
Therefore, errors due to model misspecification are 
rather unlikely. However, our model relies on the linear-
ity assumption, which means using a linear or log-linear 
time trend of incidence in the PBR. First of all, one of 
the advantages of linearity is the principle of parsimony, 
meaning using the simplest model that fits the data [8]. 
In addition, linear models, when applicable, have the 
advantage of narrower prediction intervals [8]. Next, we 
carefully analysed the time trend in the PBR and saw that 
for the most influential cancer sites the linearity assump-
tion was fulfilled, see Fig.  3. There are only two excep-
tions, namely prostate cancer and colorectal cancer, and 
these are discussed in the paragraph concerning the 
respective cancer site below.

We performed predictions for all cancer sites with at 
least 20 cases per year. We felt rather confident with the 
prediction for most cancer sites, because we were able to 
refer to a detailed analysis of the time trends in the past 
20 years. Exceptions were colorectal cancer, prostate can-
cer, bladder cancer, thyroid cancer and melanoma, and 
in the next paragraphs we will discuss the pros and cons 
of conducting the prediction also for these cancer sites.

For colorectal cancer, we observed a decrease begin-
ning at about 2005. This decrease could be attributable to 
colonoscopy screening, or random variation (we already 
observed a similar decrease in colorectal cancer inci-
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method for prediction; the model we used is rather sim-
ple and misspecification is unlikely. Among the limita-
tions are the small number of incident cases for certain 
cancer sites which can cause a bias due to random varia-
tion, the intrinsic problems for some cancer sites which 
are influenced by several external factors that we cannot 
reflect in the model (especially for prostate cancer and 
colorectal cancer) and in general the fact that the model 
we applied cannot reflect external factors.

In summary, we demonstrate an increase of 15 % in 
females and 21 % in males in the number of incident can-

random variation shown in the prediction interval there 
is additional uncertainty in the prediction of melanoma 
because opportunistic melanoma screening seems to 
have established itself in the past 5 years. Nevertheless, 
we have no data on screening attendance and therefore 
are not able to predict the consequences more precisely. 
In summary, the prediction of melanoma incidence defi-
nitely entails some uncertainty.

This study entails strengths and limitations. Among the 
strengths is the good and constant quality of data in this 
regional cancer registry [3]. We applied a well-accepted 

Fig. 3  Temporal trend of most 
frequent cancer sites in Tyrol/
Austria in the prediction base 
range, with a linear regression 
line
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cer cases in the next decade. Most of this increase is due 
to the shift in age structure towards elderly persons. How-
ever, the prediction intervals are still broad and therefore 
the results must be interpreted with some caution.
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