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SUMMARY (ENGLISH) 

Background. This habilitation thesis covers the primary work of the habilitation, expressed by 

first authorship publications developed when setting up and operating the Cancer Registry of 

Tyrol. One important methodological aspect involved in operating a cancer registry in Austria is 

the issue of linking data from different sources, because to date, there is no unique person 

identifier in Austria. Another important issue is the quality of the cancer registry data. The 

incidence data collected at the Cancer Registry of Tyrol since 1988 made it possible to address 

important public health questions in oncology, for example whether offering PSA testing to 

men free of charge leads to a reduction in prostate cancer mortality, whether the spontaneous 

mammography screening program in Tyrol should be changed to an organised one, whether 

implementation of the newly established mammography screening program in Tyrol permits 

us to meet the goals defined in the EU guidelines, whether there are differences in survival 

between female and male cancer patients, and whether there is an association between 

department volume and survival for gynaecological cancer sites.  

Material and Methods. Most investigations employed the incidence data collected by the 

Cancer Registry of Tyrol, the cancer mortality data collected by Statistics Austria and 

population data also collected by Statistics Austria. Finally, the mammography screening 

database served to evaluate the newly established organised mammography screening 

program in Tyrol. All studies were conducted in conformity with the Helsinki Declaration. 

Investigations based on register data needed no approval by the local Ethics Committee. 

Linkage between incidence data and the mammography database employed the pseudonym 

number, and linkage between incidence and mortality data deployed the record linkage 

method developed at the Cancer Registry of Tyrol. Methods of biostatistical analysis ranged 

from basic epidemiological methods like age‐standardised incidence rates to more 

sophisticated methods such as age‐period‐cohort models for the analysis of time trend, 

multivariate Cox Proportional Hazard models and multivariate relative excess risk models for 

estimating survival. 
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Results. For the performance of record linkage tasks in a cancer registry, we developed a new 

probabilistic record linkage system adapted to conditions in Austria. The system achieved 

adequate precision, however the results also depended on the precision of individual decisions 

made in unclear cases. In addition, we compared this new system with commonly used 

deterministic record linkage methods and showed that relative differences in five‐year survival 

equalled 26% and 16% for females and males, respectively. Consequently, we recommended 

using a probabilistic record linkage system.  

Data quality of incidence data collected by the Cancer Registry of Tyrol was shown to be good, 

with the exception of ovarian cancer which was partly miscoded in the early 1990s. The 

method of passive assessment of patient life status implemented by the Cancer Registry of 

Tyrol led to only small absolute errors of 0.5% and 1.0% in five‐ and ten‐year survival rates, 

respectively.  

Analysis of breast cancer incidence and mortality after fifteen years of opportunistic 

mammography screening in Tyrol showed that only part of the mortality reduction known for 

organised screening programs, which was derived from randomised controlled trials 

conducted in several countries, could be exploited. After introducing the organised screening 

program in Tyrol in a pilot phase in June 2007 and extending the program to all counties of 

Tyrol in June 2008, we analysed performance by comparing it with recommended levels given 

in the well‐established EU guidelines. Most of the indicators were in or very close to the 

recommended range for age group 50‐69, except the participation rate of 55% versus the 

recommended level of 70% and the proportion of stage II+ cases, namely 33% versus the 

recommended level of 25%. 

In two studies performed in 2005 and 2010, we were able to demonstrate that after offering 

PSA testing free of charge to all men in Tyrol aged 45 to 74 since 1993, prostate cancer 

mortality decreased in Tyrol by 19% (95% CI 2%‐32%) and 30% (95% CI 13%‐43%) using 

mortality data up to 2003 and 2008, respectively, each compared to 1989‐93. These studies 

lacked the strength of randomised controlled studies. However, bearing in mind that all 

randomised controlled studies of the effect of PSA screening were confronted with 
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methodological problems (e.g., contamination, generalizability), evidence from observational 

studies must be considered when determining whether PSA screening has the potential to 

bring about a significant reduction in prostate cancer mortality. 

A study of survival differences between female and male cancer patients for all cancer sites 

combined showed a case mix‐adjusted multivariate relative excess risk in survival of 0.95  

(95% CI 0.91‐0.99) for females as compared to males, reaching statistical significance. 

However, this benefit for women is restricted to patients aged <80. In addition, a statistically 

significant survival benefit for females as compared to males was shown for head and neck 

cancer, stomach cancer and lung cancer with multivariate relative excess risks of 0.72  

(95% CI 0.56‐0.93), 0.86 (95% CI 0.75‐ 0.95) and 0.82 (95% CI 0.75‐0.90), respectively. All risks 

were not only adjusted for other factors but also for staging distribution. 

A study of the association between department volume and survival for gynaecological cancer 

sites and breast cancer revealed a statistically significant multivariate hazard ratio of 1.39 (95% 

CI 1.22‐1.58) and 1.27 (95% CI 1.05‐1.54) for breast cancer and ovarian cancer, respectively, 

each comparing small departments defined as having fewer than 12 patients per year and 

large departments. For cervix cancer, we calculated a multivariate hazard ratio of 0.67  

(95% CI 0.51‐0.88). 

An analysis of patients with relapsed or refractory Hodgkin’s disease or non‐Hodgkin’s 

lymphoma showed that allogeneic is superior to autologous stem cell transplantation for 

patients with elevated serum LDH levels and bone marrow involvement only. A new regimen 

with CEOP/IMVP‐Dexa for the treatment of patients with untreated aggressive lymphoma 

showed an eight‐year cumulative survival of 70% for patients in age group < 60. Finally, we 

were able to show that incidence of end‐stage renal disease in Tyrol as compared to Austria 

except Tyrol was lower for patients with diabetes type 2 only and the analysis of a number of 

surrogate databases for estimating the prevalence of diabetes mellitus 2 showed a consistently 

lower prevalence of diabetes type 2 in Tyrol as compared to Austria except Tyrol. 

Conclusions. The probabilistic record linkage method is well established at high quality. This 

method is optimised for German typing names and must be adapted for migrant names, 
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reflecting the increasing cancer incidence in migrant groups. Quality of cancer registry data is 

high, in the future a linkage to residence registration data would help minimize the error in 

assessing patient life status. The quality of the newly established mammography system in 

Tyrol was shown to meet most of recommendations given in the EU guidelines except 

participation rate. The main challenge for the future is to integrate the mammography 

screening program in Tyrol into the nationwide mammography system without loss of 

performance. We were able to show that it is likely that PSA testing reduces prostate cancer 

mortality; our results are consistent with recently published studies. The main question now is 

to assess the harms of PSA screening and to weigh the balance between prostate cancer 

mortality reduction and harms of PSA screening, for example, due to overdiagnosis. The 

question of department volume and survival of cancer patients has high public health 

relevance; implementation of health system decisions taken in this respect is high in sensitivity 

and calls for special attention. We were able to show a small benefit in survival for female 

cancer patients as compared to male patients, but restricted to younger patients. An 

important question is why the gap in survival between younger and elderly patients increases, 

especially in women. This question is linked both to gender aspects and geriatric oncology.  
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ZUSAMMENFASSUNG (DEUTSCH) 

Hintergrund. Diese Habilitationsschrift bildet den Hauptteil der Habilitation und umfasst 

hauptsächlich die Erstautorschaften, die aus dem Aufbau und dem Betrieb des Tumorregisters 

Tirol entstanden. Eine wichtige methodische Frage in einem Krebsregister ist die Verbindung 

von Daten aus unterschiedlichen Quellen, weil es bis jetzt in Österreich keine eindeutige 

Personennummer gibt. Eine andere wichtige Frage ist die Beurteilung der Qualität der 

Registerdaten. Aufbauend auf den Inzidenzdaten des Tumorregisters Tirol war es möglich, eine 

Reihe von wichtigen Public Health Fragen in der Onkologie zu untersuchen: Ob PSA‐

Untersuchungen in einer Bevölkerung zu einer Reduktion der Mortalität des Prostatakarzinoms 

führen, ob das spontane Mammographie‐Screening Programm in Tirol in ein organisiertes 

Programm umgewandelt werden soll, ob die Qualität des neu eingeführten organisierten 

Mammographie‐Screening Programms Tirol die Qualitätsvorgaben der EU Guidelines erfüllt, 

ob es Unterschiede im Überleben zwischen weiblichen und männlichen KrebspatientInnen gibt 

und ob ein Zusammenhang zwischen Abteilungsgröße und Überleben von KrebspatientInnen 

nachgewiesen werden kann. 

Material und Methoden. Die meisten Untersuchungen basierten auf den Inzidenzdaten des 

Tumorregisters, auf den Mortalitätsdaten und Bevölkerungsdaten, die von der Statistik Austria 

registriert werden, und auf der Screening‐Datenbank des Mammographie‐Screening 

Programms Tirol. Alle Untersuchungen wurden unter Einhaltung der Deklaration von Helsinki 

durchgeführt. Studien, die auf Registerdaten basieren, benötigten kein Votum der Ethik‐

Kommission. Inzidenzdaten und Mammographie‐Datenbank wurden auf Basis der 

Pseudonyme verbunden, für die Verbindung der Inzidenz‐ mit den Mortalitätsdaten wurde das 

neu entwickelte Record‐Linkage Programm verwendet. Die eingesetzten biostatistischen 

Methoden reichten von Basismethoden der Epidemiologie wie altersstandardisierte 

Inzidenzraten zu sophistizierteren multivariaten Modellen, wie zum Beispiel Alter‐Perioden‐

Kohorten‐Modelle für die Analyse von Zeittrends und multivariate Cox‐Proportional‐Hazard 

Regressionsmodelle und relative Exzess‐Risiko‐Modelle für die Analyse von Überlebensraten. 
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Ergebnisse. Um die Record‐Linkage Aufgaben in einem Krebsregister durchzuführen, haben wir 

ein probabilistisches Record‐Linkage System entwickelt. Das System erfüllte die gesetzten 

Qualitätsansprüche, allerdings hing die Qualität der Ergebnisse auch von individuellen 

Entscheidungen von unklaren Fällen ab. Außerdem haben wir das probabilistische Record‐

Linkage System verglichen mit deterministischen Record‐Linkage Systemen, die bis 2005 

immer noch häufig angewandt wurden. Die Anwendung der deterministischen Record‐Linkage 

Systeme bei Überlebensanalysen führte zu einer Überschätzung von relativen 

Fünfjahresüberlebensraten von 26% (Frauen) und 16% (Männer), daher haben wir die 

Anwendung von probabilistischen Record‐Linkage Systemen empfohlen. 

Eine umfassende Analyse der Datenqualität im Tumorregister Tirol konnte die sehr gute 

Qualität belegen mit Ausnahme der Ovarialkarzinome, die in der ersten Hälfte der 1990er 

Jahre zum Teil falsch kodiert waren (Borderline‐Karzinome). Die passive Methode der 

Erhebung des Überlebensstatus von PatientInnen führte nur zu kleinen absoluten Fehlern von 

0.5% in der Fünfjahresüberlebensrate und 1.0% in der Zehnjahresüberlebensrate.  

Die Analyse der Mammakarzinom‐Mortalität nach fünfzehn Jahren spontanem 

Mammographie‐Screening in Tirol hat nicht die Reduktion der Mammakarzinom‐Mortalität 

gebracht, die man nach den Ergebnissen der randomisierten Screening‐Studien von gut 

organisierten Screening‐Programmen  erwartet. Im Juni 2007 wurde das organisierte 

Mammographie‐Screening Modell Tirol eingeführt, zuerst in einer Pilotphase in den zentralen 

Bezirken Innsbruck‐Stadt und Innsbruck‐Land, und anschließend im Juni 2008 ausgedehnt auf 

ganz Tirol. Wir haben die Qualitätsindikatoren mit den Vorgaben der EU‐Guidelines verglichen. 

Die meisten Qualitätsindikatoren lagen im Bereich der EU‐Empfehlungen für die Altersgruppe 

50‐69. Die zwei Ausnahmen waren die Teilnahmerate von 55% (Empfehlung von 70%) und der 

Anteil der entdeckten Karzinome mit Stadium II+ mit 33% (Empfehlung von 25%). 

In zwei Studien konnten wir nachweisen, dass sich nach dem Angebot von kostenlosen PSA‐

Untersuchungen seit 1993 für alle Männer in Tirol im Alter 45 bis 74 die Prostatakarzinom‐

Mortalität reduziert hat, und zwar in den Jahren 1999‐2003 um 19% (95% KI 2%‐32%) und in 

den Jahren 2004‐2008 um 30% (95% KI 13%‐43%), jeweils im Vergleich zu 1989‐93. Es handelte 
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sich dabei um eine Beobachtungsstudie, die aber angesichts der methodischen Probleme der 

kontrollierten randomisierten Studien (wie Kontamination der Kontrollarme, Verallgemeiner‐

barkeit) einen wichtigen Beitrag zum Wissen über den Zusammenhang zwischen PSA‐

Screening und Prostatakarzinom‐Mortalität liefern  kann. 

Eine Studie zu Überlebensunterschieden zwischen weiblichen und männlichen 

KrebspatientInnen basierend auf den Tiroler Inzidenzdaten von 1988 bis 2003 hat für die 

Zusammenfassung aller Krebslokalisationen für Frauen ein um 5% (95% KI 1%‐9%) erniedrigtes 

Exzess‐Risiko für Überleben gezeigt (statistisch signifikant), allerdings nur bis zum Alter 80. 

Außerdem konnte ein statistisch signifikant erniedrigtes multivariates Exzessrisiko aus Sicht 

der Frauen für HNO‐Karzinome (28%, 95% KI 7%‐44%), für Magenkarzinome (14%, 95% KI 5%‐

25%) und für Lungenkarzinome (18%, 95% KI 10%‐25%) nachgewiesen werden. 

Eine Studie über den Zusammenhang von Abteilungsgröße und Krebsüberleben für 

Mammakarzinom, Ovarialkarzinom, Zervixkarzinom und Endometriumkarzinom zeigte für 

kleine Abteilungen (definiert durch weniger als 12 Patientinnen pro Jahr) ein multivariates 

Hazard‐Ratio von 1.39, 95% KI 1.22‐1.58 (Mammakarzinom), 1.27, 95% KI 1.05‐1.54 

(Ovarialkarzinom) und 0.67, 95% KI 0.51‐0.88 (Zervixkarzinom), jeweils statistisch signifikant. 

Eine Analyse von PatientInnen mit rezidivierenden oder refraktären Hodgkin und Non‐Hodgkin 

Lymphomen zeigte, dass nur bei PatientInnen mit einem erhöhten LDH‐Wert und 

gleichzeitigem Knochenmarksbefall eine allogene Knochenmarkstransplantation besser war als 

eine autologe. Für ein neues Behandlungsschema mit CEOP/IMVP‐Dexa bei der Behandlung 

von unbehandelten aggressiven Lymphomen konnte gezeigt werden, dass die Überlebensrate 

nach acht Jahren bei PatientInnen mit Alter bis 60 bei ausgezeichneten 70% lag. Schließlich 

wurde die Frage der niedrigen Nierenersatztherapie‐Inzidenzrate in Tirol untersucht. Erstens 

konnte nachgewiesen werden, dass die einzige Gruppe mit einer erniedrigten Inzidenzrate 

PatientInnen mit Diabetes Mellitus Typ 2 als Grunderkrankung waren. Zweitens konnte durch 

eine Analyse von einer Reihe unterschiedlicher Datenquellen ein konsistentes Bild von 

erniedrigter Prävalenz von Diabetes Mellitus Typ 2 in Tirol im Vergleich zu den anderen 

österreichischen Bundesländern nachgewiesen werden.  
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Schlussfolgerungen. Das System des probabilistischen Record‐Linkage ist gut etabliert, die 

gute Qualität der Ergebnisse konnte belegt werden. Die Methode enthält wichtige 

Komponenten, die spezifisch für deutsche Namen sind und diese müssen an die Migrations‐

gruppen angepasst werden. Die Qualität der Inzidenzdaten des Tumorregisters ist hoch, es 

waren nur minimale Optimierungen der Abläufe notwendig. Für die Zukunft wäre ein Zugriff 

auf die Meldedatenbank äußerst wichtig, um die ohnehin kleinen Fehler in der Erhebung des 

Überlebensstatus zu minimieren. Die gute Qualität des neu eingeführten organisierten 

Mammographie‐Screening Programms Tirol konnte nachgewiesen werden. Bis auf die 

Teilnahmerate und den Anteil der Karzinome mit Stadium II+ liegen alle Qualitätsindikatoren 

im Bereich der EU‐Empfehlungen. Hauptfrage wird es sein, das Tiroler Modell ohne 

Qualitätsverlust in das österreichweite Screening‐Programm zu integrieren. Wir konnten 

belegen, dass sich in Tirol nach dem Angebot von PSA‐Untersuchungen für Männer im Alter 

45‐74 die Prostatakarzinom‐Mortalität um 30% erniedrigt hat. Hauptfrage ist jetzt die 

Beurteilung des Schadens der PSA‐Untersuchungen.  Die Frage des Zusammenhangs zwischen 

Abteilungsgröße und Behandlungserfolg für KrebspatientInnen ist von großer Public Health 

Relevanz, die gesundheitspolitische Umsetzung solcher Ergebnisse ist allerdings äußerst 

komplex und sollte wissenschaftlich begleitet werden. Die Frage nach Überlebensunter‐

schieden zwischen weiblichen und männlichen KrebspatientInnen führt zu wichtigen Fragen 

der geriatrischen Onkologie, weil sich der Überlebensvorteil nur für Frauen bis Alter 80 zeigt. 
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INTRODUCTION 

This habilitation thesis summarises the primary work of the habilitation consisting of research 

projects led by Wilhelm Oberaigner when setting up and operating the Cancer Registry of 

Tyrol. The results of this work have been published as first authorship publications in 

international peer‐reviewed journals. The work reports on applications of epidemiological 

methods to public health questions in oncology. In addition, work in which W. Oberaigner was 

involved as second or senior author of publications in peer‐reviewed international journals is 

summarised in brief. 

All first authorship papers address research questions relevant to public health and make use 

of data from the Cancer Registry of Tyrol (CRT). The research questions ranged from 

methodological aspects when running population‐based cancer registries to relevant public 

health questions in oncology. We investigated both questions concerning specific cancer sites 

and questions for all cancer cases combined, for example the question of survival differences 

between female and male cancer patients. Mainly two cancer sites were analysed that were of 

special public health interest in Tyrol. The first was prostate cancer: the main question being 

whether offering prostate‐specific antigen (PSA) testing free of charge to all men aged 45‐75 

leads to a reduction in prostate cancer mortality. The second was breast cancer, where two 

questions were investigated. Firstly, whether it is necessary to change the spontaneous 

mammography screening program in Tyrol to an organised program, and secondly, whether 

the newly established organised mammography screening program can reach the performance 

goals defined in the EU guidelines. This analysis was based mainly on the screening database 

established in Tyrol. Moreover, the screening database was linked to the breast cancer cases 

registered in the CRT. 

All studies were conducted in conformity with the Helsinki Declaration.1 Investigations based 

on registry data needed no approval by the local Ethics Committee.  
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In all first authorship papers, the author was either the principal investigator or substantially 

contributed to developing the research questions, selecting the study design, performing the 

epidemiological analysis and writing the manuscript.  

The chapter Record Linkage deals with one methodological aspect that is very important in a 

cancer registry in Austria, namely how to conduct linkage between various data sources for 

patients lacking a unique person identifier. The chapter Data Quality Aspects at the Cancer 

Registry of Tyrol contains a comprehensive analysis of data quality aspects at the CRT. Next, 

the chapter Breast Cancer covers the situation of breast cancer incidence and mortality after 

fifteen years of a spontaneous mammography screening program in Tyrol as well as evaluation 

of the performance of the newly established organised mammography screening program in 

Tyrol. The chapter Prostate Cancer analyses the question of prostate cancer mortality 

reduction after offering PSA testing free of charge to all men in Tyrol aged 45‐74. The chapter 

Gender and Survival in Oncology focuses on the question whether there is a difference in 

survival between female and male cancer patients. The chapter Department Volume and 

Survival addresses the question of an association between department volume and survival for 

gynaecological cancer sites. Finally, the chapter Short Summary of Second and Senior 

Authorship Papers gives a brief overview of the second and senior authorship publications. 
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RESULTS 

Record Linkage B1‐1, B1‐10 

The methodological aspect of record linkage is very important for cancer registries in countries 

without a unique person identifier, because in many registries patient life status is assessed by 

applying a passive method.2 This means that patient life status results from linking incidence 

data to mortality data: if the incident patient is found in the mortality file, the patient is 

treated as dead. Otherwise, it is assumed that the patient is still alive at the close date of the 

mortality file. When lacking a unique patient identifier, record linkage must be based on 

various components characterising a person like surname, first name, date of birth, gender and 

residence. We assume that no single component identifies the person and we also assume it to 

be likely that some components in the data sources differ for the same person, for example  

with commonly used surnames with very similar spelling like the German names “Mair”, 

“Maier”, “Mayr”, or  typing errors in date of birth. For this reason, it was necessary to develop 

a system of record linkage that takes into account possible errors in components and 

minimises the number of false‐positive and false‐negative linkage results.  

The theory of probabilistic record linkage describes how to calculate the probability that a pair 

of components identifies the same person.3 Starting from a historical database of record 

linkage results that contains the pairs of components as well as the correct result (which was 

identified in time‐consuming one‐on‐one enquiries), we computed the probabilities defined by 

the theory of probabilistic record linkage for the components surname, first name, date of 

birth, gender and place of residence.4 In addition, to properly deal with typical errors in 

German language names, we applied a so‐called phonetic transformation (“Kölner 

Transformation”)5‐6 and we also defined some rules for common typing errors made in dates of 

birth. The resulting method was validated and we were able to demonstrate adequate 

precision. However, when applying this probabilistic record linkage method, there are always a 

certain number of cases that the method classifies as “unclear,” and these cases must be 

resolved one by one by a clerk who tediously collects additional information. Thus, the process 
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is not completely computerized and the overall result also depends on the precision of the 

individual decisions. One factor influencing the correctness of the final decisions is the number 

of unclear cases.  

As probabilistic record linkage methods were infrequently applied in Austria up to 2005, we 

analysed in a second paper  the errors resulting from deterministic record linkage methods.7 A 

common rule of deterministic record linkage is that a pair of components describes the same 

person if and only if the components surname and first name and date of birth are identical. 

Consequently, the proportion of false‐negative results is considerable. A false‐negative result 

in the framework of passive assessment of patient life status means that the life status of a 

patient, who has in fact died, is assessed as alive. A comparison with probabilistic record 

linkage (as gold standard) resulted in error rates in relative five‐year survival of 26% in female 

and 16% in male patients (relative differences). 

Limitations 

The main limitations of the record linkage method are the restriction of components to 

German names and the fact that the historical database used to compute the probabilities for 

the record linkage method was not developed in a systematic way.  

Conclusions 

The newly developed method of probabilistic record linkage is widely applied at the CRT and 

we showed adequate precision resulting from this method.  

In the future, two aspects will gain importance. Firstly, the proportion of cancer patients with 

migration status will increase, bearing in mind that the proportion of immigrants in Austria is 

between 15% and 20% of the country's population. However, some part of the method is 

restricted to the German language, namely the phonetic transformation that is widely applied 

for routine data. Therefore, it will be necessary to upgrade the system of probabilistic record 

linkage by taking into account characteristics of mainly Turkish and Ex‐Yugoslavian names, 

which reflect the main migrant groups. Secondly, in Austria a unique person identifier may be 
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introduced in the upcoming years to comply with strict data privacy laws. If such a unique 

person identifier is introduced and stored in the main data sources used by cancer registries, it 

will no longer be necessary to apply record linkage methods. 

Data Quality Aspects at the Cancer Registry of Tyrol B1‐4 

Assessing the correctness of survival rates was only one of the aspects considered when 

analysing data quality at the CRT.8 The design of the comprehensive analysis was based on two 

overview papers by Max Parkin and Freddie Bray published in 2008.9‐10 We compared 

incidence rates with those of neighbouring countries and analysed the time trends of incidence 

rates, because jumps in the time trend could be an indicator of changes in the completeness of 

the registration process.11‐12 We also analysed quality indicators like proportion of 

histologically verified cases, mortality‐to‐incidence ratio, DCO proportion (DCO is an acronym 

for death certificate only cases, meaning incidence data registered on the basis of information 

from the mortality database only). Also analysed was the aspect of timeliness, meaning the 

delay between cancer diagnosis and registration of the incident cancer case. Finally, in order to 

evaluate the passive method for assessing patient life status,4, 7 patient life status was re‐

checked for every patient diagnosed in 1997 and alive when conducting the study. We re‐

checked patient life status by actively investigating life status for every patient in the particular 

municipal office. The year of diagnosis 1997 was chosen to be able to estimate the effect of 

errors on long‐term survival, namely ten‐year survival rates.  

We re‐checked a total of 1026 patients registered as alive when starting the analysis and 

identified 34 persons who had died. The majority of these cases were due to out‐migration 

(therefore the person cannot be registered in the mortality file of Tyrol). Some very few cases 

were erroneously assessed as alive during the record linkage process, and a few persons who 

were still living in Tyrol died outside Austria and were not included in the official mortality file. 

The effect of these errors on survival rate was small: we observed an overestimation of 0.5% 

and 1.0% in relative five‐ and ten‐year survival rates, respectively (differences in absolute 

percent). 
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Limitations 

The most severe limitation of this study is that we were not able to investigate all quality 

indicators proposed in 9‐10 and we focused on those indicators related to possible bias in 

survival rates. Furthermore, we have limited data to assess the impact of emigration after 

cancer diagnosis and the impact of cancer patients in immigrants to Austria.  

Conclusions 

This comprehensive assessment of data quality aspects demonstrated good quality of 

incidence data at the CRT. This means that registry procedures needed only minor corrections. 

However, access to residence registration data to check out‐migrant status of patients still 

alive would minimise errors in survival analysis because out‐migration is the main reason for 

errors in assessing patient life status.  

In recent years, more and more structured data on cancer patients has been collected in 

medical records, for example in clinical cancer registries or in breast cancer units. Therefore, 

one of the strategic questions for cancer registries will be whether to implement only a link to 

these data sources or whether to extend epidemiological cancer registries by directly 

integrating the information in the cancer registry database. The main difference is that in 

epidemiological cancer registries the cancer registry is fully responsible for data quality, while 

data used by clinical cancer registries are entered by hospital personnel. If epidemiological and 

clinical cancer registries are to be integrated, data quality in this new setting has to be re‐

evaluated. 

Breast Cancer B1‐5, B1‐7, B1‐9 

In 2006, the Austrian health minister declared mammography to be one of the top health 

agendas, and in July 2006 the decision was made to implement an organised mammography 

screening program in a first step in pilot regions, of which Tyrol was the largest. Therefore, in 

Tyrol there was scientific and public health interest to investigate the time trend of breast 

cancer mortality. The main question was whether fifteen years of spontaneous mammography 
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screening in Tyrol had already exploited the reduction in breast cancer mortality, as is known 

from organised programs.13 We conducted a historical time trend analysis by applying an age‐

period‐cohort model that permits age and period and cohort effects to be analyzed in  

parallel.14‐15 In the age group 40 to 79, namely the age group targeted by mammography 

screening in Tyrol, breast cancer mortality in 2006 was reduced by a relative difference of 26% 

(95% CI 13%‐36%), by comparison to 1992, namely before spontaneous mammography 

screening was introduced. The main problem with this analysis is that without a detailed 

screening database the effect of screening cannot be assessed properly bearing in mind that 

mortality is influenced by different factors, especially improvements in therapy. We know from 

investigations in other countries that up to two‐thirds of breast cancer mortality reduction 

during the 1990s was due to improved therapy.16 Therefore, we concluded that in Tyrol we 

could achieve only about half of the mortality reduction that is known to result from high‐

quality screening programs, namely 20% to 25%, for an overview see 17. Therefore, we 

recommended that an organised mammography screening program be introduced, in 

particular a detailed screening database, in order to acquire detailed knowledge on the 

performance of the screening program and to compare this performance with well‐accepted 

guidelines. 

The organised mammography screening program was launched in Tyrol in 2007, starting with a 

pilot phase from June 2007 to May 2008 in the two central counties covering about 40% of the 

population. Most EU recommendations for organised mammography screening programs were 

followed, except double reading. Thus, the next important question was whether the new 

program reached the quality limits given in the well‐accepted EU guidelines.18 Most quality 

parameters are analysed directly from the screening database, except for interval cancer cases 

which are assessed by record linkage between the screening database and the CRT data on 

breast cancer cases.19 In routine procedure, CRT publishes incidence data 18 months after the 

end of the respective year of diagnosis. In order to register breast cancer cases in time to 

assess interval cancer cases, it was necessary to change the registration process for breast 

cancer cases to now make them available five months after incidence date. We checked to 

ensure that the registration process for breast cancer achieves the same degree of 
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completeness as the routine data in CRT, which is essential for a complete assessment of 

interval cancer cases. 

The cumulative participation rate was 35% and 57% in a one‐ and two‐year observation period, 

respectively. Per 1000 mammograms, 18 were invited for further assessment and 16 for an 

intermediate screening test in six months. Per 1000 mammograms, nine biopsies were 

performed and four cancer cases were detected, 10% of which were in situ cases. Of all 

invasive cancer cases detected in screening, 35% were less than 10 mm in size and 76% were 

node‐negative. In the first year of observation, we assessed six interval cancer cases, or 19% of 

the background incidence rate. 

In a very recent paper, we reported the results of the first year of complete rollout of the 

mammography screening program to Tyrol.20 From June 2008 to May 2009, 120,440 women 

were invited. Cumulative participation rate was 57% in two years of observation (with higher 

participation in younger women). Per 1000 mammograms, 14 were recalled for further 

assessment, nine biopsies were performed and four cancer cases were detected. Of invasive 

cancer cases 32% and 68% were smaller than 10 mm and 15 mm in size, respectively. Positive 

predictive value equalled 39% for core biopsy. Of all cases leading to an invasive cancer, 90% 

of assessments were performed within five working days after screening and 87% of surgeries 

were started within ten working days after assessment. Interval cancer rate in the first year of 

observation was 18% of background incidence rate. We also assessed interval cancer in the 

second year of observation for the pilot phase and established it to be 55% and 33% of 

background incidence rate in age groups 40‐49 and 50‐69, respectively. However, absolute 

numbers are small with a total of twelve interval cancer cases. Compared with recommended 

levels according to the EU guidelines (for age group 50‐69 only), most indicators were in the 

recommended range with the exception of participation rate (55% versus the recommended 

level of 70%) and the proportion of stage II+ cases (33% versus the recommended level of 

25%). 
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Limitations 

The main limitation of the first analysis 13 was the lack of a screening database at time of 

publication. The main limitation of the mammography screening program in Tyrol is the lack of 

double reading. In addition, BI‐RADS categories are used in assessing the screening outcome 

instead of a single yes/no rule and a number of screeners still use BI‐RADS 0 (i.e.,  an unclear 

result) and BI‐RADs 3 (invitation to an intermediate screen within six months). Furthermore, 

the fact that women aged 40 to 49 are invited is not in line with the EU guidelines.18  

Conclusions 

We were able to show that most EU guideline quality limits were met in the pilot phase and in 

the first year of complete rollout. The main exception is the participation rate at about 55%. 

Because the Austria‐wide introduction of an organised mammography screening program has 

been announced for 2013, a political decision was made not to change the design of the Tyrol 

program. The main challenge will be to transform the Tyrol model to the nationwide screening 

program while maintaining the high quality of the Tyrol program. Analysing performance 

parameters and setting up a quality assurance group at the state level appears to be a good 

means of reacting to possible problems in a short time and interacting directly with the 

screeners. The knowledge acquired in setting up a screening database and evaluating a 

mammography screening program in Tyrol, which is reflected by high‐quality publications, 

should be utilized in the nationwide program.  

Prostate Cancer B1‐2, B1‐8 

Tyrol was one of the first countries worldwide where PSA testing was offered free of charge to 

all men in the age group 45 to 74, namely since the beginning of the 1990s.21 Therefore, the 

overriding question was whether offering PSA testing brought about a reduction in prostate 

cancer mortality. It is worthwhile mentioning that PSA testing was not offered in the 

framework of a screening program, no invitation system was implemented and no country‐

wide screening database was set up. This is the reason why we use the wording “PSA testing” 

and not “PSA screening.” 
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We analysed the time trend for prostate cancer mortality in Tyrol and Austria except Tyrol 

based on the official prostate cancer mortality data, which are registered by Statistics Austria 

for all of Austria in a uniform way.22 An age‐period‐cohort model was applied that allows 

parallel modelling of age, time and cohort effects, see also the chapter Breast Cancer.14‐15 Two 

comparisons were conducted, firstly a historical comparison within Tyrol, secondly a 

comparison between Tyrol and Austria except Tyrol. Prostate cancer is diagnosed and treated 

in a rather uniform way throughout Austria, the only main difference being that PSA testing 

started in Tyrol at the beginning of and in Austria except Tyrol in the late 1990s. In Tyrol, 

compared to 1989‐93, we observed a 19% reduction (95% CI 2%‐32%) in prostate cancer 

mortality in 1999‐2003 (reaching statistical significance) and a constant time trend in Austria 

except Tyrol. An estimation of the cumulative attendance rate in Tyrol showed that about 75% 

of men aged 45 to 74 had at least one PSA test between 1993 and 2001. This estimation is 

based on data from PSA labs and called for some very strong assumptions, for example 

concerning identification of persons.  

Five years later, in 2010, the relevant question was whether we could affirm the reduction in 

prostate cancer mortality.23 In fact, by applying the same methodology, we were able to show 

a 30% (95% CI 13%‐43%) reduction in prostate cancer mortality (reaching statistical 

significance) in Tyrol as compared to 1989‐93 and an 8% reduction in Austria except Tyrol, 

both reductions in relative percents. The 30% reduction in Tyrol is consistent with other 

publications, see for example 24‐26. After the publication of two large randomised trials in 

2009,27‐28 a number of detailed studies were published mainly in Europe dealing with 

attendance and non‐compliance problems in the randomised trials and resulting in an average 

30% reduction in prostate cancer mortality as a consequence of PSA screening.24‐26 In 2010, the 

results of the Göteborg randomised trial showed an even larger reduction, namely 56%.29  

Limitations 

The main limitation of this analysis is that nonrandomized studies are prone to several biases. 

Our study design is an observational one that does not allow for appropriate control of 

confounders. Therefore, any causal interpretations must be done with caution. In addition, our 
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outcome is prostate cancer mortality and we have no validation of prostate cancer as cause of 

death. We also lack detailed knowledge of the volume of PSA testing, and finally, to date we 

have only very limited data on harms caused by PSA testing. 

Our analysis could not overcome the problems of non‐randomised trials, but it was able to 

provide further information on the mortality reduction resulting from PSA testing or screening. 

Conclusions 

A number of investigations showed a consistent approximately 30% reduction in prostate 

cancer mortality following PSA screening or testing. Now, the most relevant question is the 

balance between mortality reduction and harms of PSA screening. The harms are serious, 

ranging from a possible reduction in quality of life as a consequence of attending PSA 

screening to questions of over‐diagnosis and over‐treatment and serious side‐effects of 

treatment like incontinence and impotence.  

In addition to these public health questions, research groups worldwide are looking to improve 

PSA tests with the aim of differentiating between aggressive and slow‐growing prostate 

cancer. 

Department Volume and Cancer Patient Survival B1‐3 

The question as to a possible association between department volume and outcome, 

especially survival of cancer patients, has been studied for two decades.30 Overall, it can be 

said that there is some agreement that large departments show better outcome if the therapy 

modality is complex. Therefore, we investigated whether this general association also holds in 

the framework of hospitals in Tyrol, namely for breast, ovarian, cervical and corpus cancer 

diagnosed between 1988 and 2003.31 Based on the observed number of patients treated per 

year, we defined small departments as treating fewer than 12 patients per year and large 

departments more than 36 patients per year and, due to small numbers, more than 24 

patients for ovarian and corpus cancer. The rationale behind this definition was the rule of 

thumb “one patient per month.” This definition was fixed a priori. The analysis was conducted 
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with a multivariate Cox regression model; covariates were age at diagnosis, year of diagnosis, 

histological confirmation, cancer stage according to UICC and transfer to another hospital.32 

After building a model for every cancer site following a backward strategy, we calculated 

multivariate hazard ratios of 1.39 (95% CI 1.22‐1.58) and 1.27 (95% CI 1.05‐1.54) for breast and 

ovarian cancer, respectively, each for small departments as compared to large departments. 

Both results reached statistical significance. For cervical cancer, we established a hazard ratio 

of 0.67 (95% CI 0.51‐0.88), also reaching statistical significance. 

When comparing the results with those published in the literature, see for example 33‐37, we 

must remember that most publications set the definition for large departments much higher, 

namely at 100 cases per year or more.  

Limitations 

The main limitation of this analysis is the lack of precision in defining which department is 

responsible for initial treatment and we have only limited information on transfer of patients. 

In addition, we may be confronted with residual confounding because the information on 

inter‐departmental differences in patient characteristics is limited. 

Conclusions 

Investigations into an association between department volume and cancer survival have been 

widely criticized, because there is great doubt as to the causality. In actual fact, residual 

confounding could play a role in the multivariate analysis. On the other hand, these 

associations correlate strongly with economic and health policy questions. Moreover, a look at 

the discussion surrounding, for example minimum caseload for breast cancer centers, gives an 

idea of the complexity of the decision process. It is our belief that the question of department 

or hospital volume is of great public health importance, but research is still needed on how to 

integrate scientific results into final health policy decisions. 
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Gender and Survival in Oncology B1‐6 

Since the 1990s research groups all over the world have investigated whether there is a 

difference in survival between female and male cancer patients, see for example 38. For this 

reason, we explored this question using the CRT incidence database for 1988 to 2003 with 

patient life status up to end of 2006.39 The analysis was based on a model for relative excess 

risk 40 taking further life expectancy into account and adjusting for age, stage, period of 

diagnosis, histological confirmation and interaction between follow‐up and stage. For all 

cancer sites combined, after adjusting for site mix, we calculated an excess risk of 0.95 (95% CI 

0.91‐0.99) for females as compared to males, reaching statistical significance. However, this 

excess risk is age‐dependent and for patients age 80 changes to an excess risk of 1.10 (95% 

0.98‐1.22) at borderline statistical significance. A statistically significant reduced excess risk for 

females as compared to males was shown for head and neck cancers except larynx cancer 

(0.72, 95% CI 0.56‐0.93), for stomach cancer (0.86, 95% CI 0.75‐0.95) and for lung cancer (0.82, 

95% CI 0.75‐0.90). The results are consistent with the literature, see for example 38, and to our 

knowledge this is the first analysis adjusting for staging distribution. The reasons for these 

differences are mainly unknown and many researchers are convinced that a better 

understanding of the underlying risks could help improve therapy for cancer patients.38 

Limitations 

The main limitation of this analysis is the potential for residual confounding in this 

observational setting. In addition, cancer registry data include only limited data for controlling 

information bias. Whether gender has a direct effect on survival, whether the effect is 

mediated in a classical way by tumour stage or whether the effect is influenced by some 

unknown factor interacting with tumour stage and with survival needs to be discussed, see for 

example 41. 

Conclusions 

The fact that for patients up to the age of 80, female cancer patients have a reduced excess 

mortality compared to males is consistent with the literature. A very interesting aspect is the 
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age dependency of the excess risk. It was shown recently that the difference in survival 

between younger and elderly patients in Europe was on the increase during the 1990es. This 

imposes consequences for geriatric oncology bearing in mind that 40% and 17% of incident 

cancer patients in Tyrol are in age group 70 and 80 respectively. Due to the age shift in 

population towards the elderly, these proportions will increase in the future. 

Short Summary of Second and Senior Authorship Papers B2‐1, B2‐2, B2‐3 

This chapter briefly summarises the work published in the three second and senior authorship 

papers: two of them are applications of biostatistical methods, one covers an epidemiologic 

registry topic. 

The first paper entitled “Allogeneic or autologous stem cell transplantation (STC) for relapsed 

and refractory Hodgkin’s disease and non‐Hodgkin’s lymphoma: a single‐centre  

experience”B2‐1, 42 investigated the question how patients with relapsed and/or refractory 

lymphoma might benefit most from stem cell transplantation. Patients who received a stem 

cell graft at the Division of Hematology and Oncology of Innsbruck University Hospital were 

analysed by means of a multivariate Cox regression model. We were able to show that 

allogeneic STC was superior to autologous SCT only in patients with elevated serum LDH levels 

and bone marrow involvement. 

The second paper entitled “Long‐term results of dose density therapy in patients with 

aggressive lymphoma”B2‐3, 43 investigated the long‐term outcome of patients with untreated 

aggressive lymphoma. Patients from two trials were analysed; this was a phase 2 trial assessing 

the feasibility, toxicity and efficacy of a new CEOP/IMVP‐Dexa regimen and a randomised trial 

comparing CEOP/IMVP‐Dexa versus CHOP. All patients had a previously untreated aggressive 

lymphoma. Observation time was eight years in the median to a maximum of thirteen years. 

Overall survival, time to treatment failure and time to relapse were estimated by applying the 

Kaplan‐Meier method. Estimated cumulative overall survival at eight years after diagnosis was 

0.71 and 0.30 for patients age < 60 and  60 years, respectively. In summary, we were able to 
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demonstrate that the new CEOP/IMVP‐Dexa regimen affords excellent survival for patients in 

the age group up to 60. 

The last paper entitled “Regional variability in the incidence of end‐stage renal disease: an 

epidemiological approach”B2‐2,  44 deals with the question of low incidence of end‐stage renal 

disease in Tyrol as compared to other parts of Austria. Our first finding was that patients with 

type 2 diabetes mellitus (DM‐2) are the only subgroup with lower incidence of end‐stage renal 

disease in Tyrol as compared to Austria except Tyrol. The next question was whether in Tyrol, 

the prevalence of DM‐2 is lower than in Austria. Because in 2003 there was no diabetes 

registry in Austria, the approach was to estimate DM‐2 prevalence using several surrogate 

parameters derived from Health Interview Surveys conducted in 1991 and 1995, the National 

Hospital Discharge Registry in Austria, the National Mortality Registry and the National Drug 

Wholesale Registry. All available data sources supported low DM2 prevalence rates in Tyrol as 

compared to Austria except Tyrol. However, this investigation is subject to several limitations.  
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OVERALL SUMMARY AND CONCLUSION 

In summary, we were able to address very relevant public health questions in Tyrol and to 

address the methodological aspects that are important in a cancer registry.  

The newly developed method of probabilistic record linkage is widely applied, and we were 

able to show adequate precision as a result of applying this method. The comprehensive 

assessment of data quality aspects demonstrated good quality of incidence data in the CRT. 

We were able to show that the newly established organised mammography screening program 

in Tyrol, which was launched in 2007, meets most quality limits given in the well established 

EU guidelines. We also were able to show a 30% reduction in prostate cancer mortality 

following the introduction of prostate‐specific antigen testing offered free of charge to all men 

aged 45 to 74. Finally, we showed an association between department volume and cancer 

survival in Tyrol for breast and ovarian cancer and we demonstrated that female cancer 

patients in Tyrol up to the age of 80 have reduced excess mortality as compared to males. 

Nevertheless, due to the observational setting and the limited data of registries, all such 

studies are limited by the potential of residual confounding and information bias. 

Important research questions for the future are how to make use of cancer registry data for 

systematic quality assessment in oncology. This research question addresses both 

documentation aspects and methodological challenges bearing in mind the mean number of 

incident cancer cases treated in oncologic departments in Tyrol. Secondly, many questions 

regarding cancer patient survival in Tyrol are to be discussed. One key issue will be to refine 

methods for analysing survival for medium and small size cancer registries like the CRT. And 

thirdly, maybe the most important issue is the transition from results achieved by 

epidemiological research to decisions made in the public health area. A main goal should be a 

systematic approach to evaluate risks, benefits and costs in selected areas in oncology within 

the framework of comprehensive decision models. Cancer registry data are one important 

component in the development of decision models and the cooperation between cancer 

registry and researchers developing decision models should be intensified. As a consequence, 

the network between medium and small size cancer registries should be intensified and the 

cooperation between cancer registries and interdisciplinary research teams working on 

decision models must be promoted.  
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Summary
Objective: Record linkage of patient data originating
from various data sources and record linkage for check-
ing uniqueness of patient registration are common
tasks for every cancer registry. In Austria, there is no
unique person identifier in use in the medical system.
Hence, it was necessary and the goal of this work to
develop an efficient means of record linkage for use
in cancer registries in Austria.
Methods: We adapted the method of probabilistic
record linkage to the situation of cancer registries in
Austria. In addition to the customary components of
this method, we also took into consideration typing
errors commonly occurring in names and dates of birth.
The method was implemented in a program written
in DELPHITM with interfaces optimised for cancer
registries.
Results: Applying our record linkage method to
130,509 linkages results in 105,272 (80.7%) iden-
tical pairs. For these identical pairs, 88.9% of decisions
were performed automatically and 11.1% semi-auto-
matically. For results decided automatically, 6.9%
did not have simultaneous identity of last name, first
name and date of birth. For results decided semi-auto-
matically, 48.4% did not have an identical last name,
25.6% did not have an identical date of birth and
83.1% did not have simultaneous identity of last
name and date of birth and first name.
Conclusions: The method implemented in our cancer
registry solves all record linkage problems in Austria
with sufficient precision.

Keywords
Probabilistic record linkage, cancer registry,
homonym rate, synonym rate

Methods Inf Med 2005; 44: 626–30

Introduction

The prime objective of population-based
cancer registries is to document every inci-
dent of cancer cases diagnosed in the target
population [1-5]. According to international
guidelines, a cancer registry should take
into account various data sources containing
valid information on cancer cases. Con-
sequently, in addition to data sent to the
registry by treating physicians, data sources
like pathology reports, department in-
formation systems (i.e. radiotherapy) and
hospital information systems must be in-
cluded in the registration process. Many
cancer registries analyze survival rates as
the most important outcome measure, and
for this analysis patient life status has to be
assessed. Most registries apply a passive
method, meaning record linkage between
incidence data and mortality data [6].

Summing up, record linkage is a central
task to be solved by cancer registries. In
Austria, there is no general use of unique
person identifiers as, for example, in Scan-
dinavian countries. There is a social insur-
ance number that is known to not be unique
in all cases and it is not widely used in medi-
cal information systems. Therefore, the
decision on whether data describe the same
person must be based on information like
last name, first name, date of birth etc. and
can be time-consuming when a high degree
of precision is involved. All registries aim to
obtain complete and reliable information
needed for patient identification, but it must
be remembered that in actual practice all
the components mentioned above can be
distorted by (registration as well as typing)
errors.

Administrative workflow in cancer regis-
tries differs in some respect from that in ad-
ministrative units in hospital departments.
In contrast to hospital administration, in
cancer registries there is no need to register
patient data immediately. Since cancer reg-
istries collect data mostly on the basis of
year of diagnosis, their data collection ef-
forts are more thorough and generally en-
sure good quality of data needed for record
linkage.

In order to develop an efficient, scientifi-
cally founded method for record linkage, we
decided some years ago to implement a
method based on the theory of probabilistic
record linkage and taking into account com-
mon types of error sources in the German
language.

Methods
Basics
This chapter presents the basics of the
theory of probabilistic record linkage to the
extent needed to understand the method
developed for our cancer registry. Detailed
descriptions of the theory can be found for
example in [7, 8].

Data in a cancer registry consist of sev-
eral components describing an individual
person or cancer case. One part of these
components, often called person data, iden-
tifies the person. We assume that no single
component uniquely identifies a person.

If a person is described by n components
k1 to kn, we assign standardized weights
to each component, i.e. w1 to wn, where
w1 + ... + wn = 1.
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For linkage of two records with com-
ponents ki

1 and ki
2 we define pi for each

component ki as follows:

pi = 1 if ki
1 = ki

2
(1){0 otherwise

This gives a sum probability defined as

p = w1 p1 + ... + wn pn (2)

p (in the following often denoted by p prob-
ability) can be interpreted as a measure of
whether two records describe the same per-
son. Then, two cut points p1 and p2 are intro-
duced with the following consequences:
● If p is smaller than p1, it is assumed

(without further checks) that the records
describe different persons.

● If p is greater than p2, it is assumed (again
without further checks) that the records
describe the same person.

● If p lies between p1 and p2, it must be de-
cided on an individual basis whether the
two records describe the same person or
different persons. Usually, this means
further information must be obtained.

The decision process is shown in Figure 1.

Choice of Weights
In order to choose weights according to the
theory of probabilistic record linkage, two
probabilities are computed, usually denoted
as m and u probability.

For any component ki, mi is defined as
the probability that ki is equal for identical
persons. ui describes the probability that ki
is equal for non-identical persons. The
weight wi is then defined by the following
formula:

(3)

From the experience in our cancer registry
the components were chosen as follows [9]:
● Last name
● Phonetic transformation of last name

(used only if last name is not identical for
the two persons under investigation), see
Table 1.

● Birth name
● Phonetic transformation of birth name

(used only if birth name is not identical
for the two persons under investigation),
see Table 1.

● First name
● Date of birth
● Sex
● Zip code (or municipality code)

The German language contains typical
transformations of names following certain
rules. We thus introduced the concept of
phonetic transformation defined by the
rules given in Table 1 (derived from the
so-called Kölner Transformation, see
[10, 11]).

The probabilities mi and ui were calcu-
lated based on results obtained before intro-
ducing the method described here, when we
performed record linkage by heuristic
methods and individual checks. All results
were stored in a meta-relation describing
pairs of data to be linked as well as linkage
results. Based on this relation, it is straight-

forward to compute the probability mi as
follows:

(4)

In the same way, we can compute the prob-
ability ui as follows (we assume that every
patient in our database is unique, hence the
Cartesian product Pat × Pat (denoting all
possible combinations of patients) does not
contain pairs of equal patients):

(5)

These computations gave the weights shown
in Table 2.

Fig.1 Decision process

Rule Example

Eliminate diphthongs Wimmer → WIMER

Transform German “Umlaute” Müller → MUELER

Otherwise transform “c “ to “z “ Mucke → MUZKE

Transform “v” to “f” Vogel → FOGEL

Transform “j ” to “i ” Deljc → DELIZ

Transform “ie” to “i” Liederlich → LIDERLIZH

Transform “ai ” to “ei ” Aigner → EIGNER

Transform “ae ” to “e ” Jaeger → IEGER

Transform “th” to “t ”

Transform “tz ” to “z ”

Transform “d ” to “t ”

Delete silent “ h ”

Transform “qu ” to “q ”

Thaler → TALER

Matzer → MAZER

Danner → TANER

Gehler → GELER

Qualler → QALER

Transform “c ” in front of “e, i ” to “z ” Cicero → ZIZERO

Transform “c ” in front of “a, o, u ” to “k ” Cugel → KUGEL

Component ki wi (standardized)

Phonetic transformation last name 0.22

Phonetic transformation birth name 0.202

First name 0.139

Date of birth 0.289

Sex 0.075

Zip code (or municipality code) 0.075

Table 1
Transformations according
to the “Kölner Trans-
formation”

Table 2 Standardized weight for components
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After detailed analysis of our database
and after investigating typical errors occur-
ring in our registry, we found that our regis-
try contains [9] common typing errors in
last name and birth name and common
typing errors in date of birth.

In order to properly deal with these er-
rors, we added the methods described in
Table 3 to the components described above
and consequently extended the weights
given in Table 2 by the weights defined in
Table 4.

For every component ki the maximum
weight is limited by the weight for this com-
ponent as defined in Table 2, even if all
methods defined in Table 4 add up to a
greater weight.

Choice of Critical Bounds p1 and p2

Our experience shows that p1 = 75 and
p2 = 95 are good choices for cancer regis-
tries in Austria. This means that we inspect
all cases with a p probability between 75 and
95 and assume without further inspection
that pairs with p ∈ (95, 100] describe the
same person.

Inspection of all pairs with p ∈ [75, 95]
is a very time-consuming and tedious job.
Scanning through the lists requires a great
deal of concentration. However, there are
usually some pairs describing the same per-
son but with a smaller p probability (think,
for example, of twins living in the same resi-
dence, perhaps with similar first names).
Hence, in order to keep homonym and syn-
onym rates low (see also the discussion on
the consequences of wrong decisions) it is
necessary to run through all parts of the re-
sulting list with full concentration.

Implementation
The method described above was imple-
mented as a program written in DELPHI.
Interfaces for input are either plain text files
with fields separated by “\”, or Oracle tables
(our cancer registry database is imple-
mented in OracleTM). Results are written
both in a plain text file and in an Oracle
table. Output in either format can be im-

ported for further analysis to any statistical
package and contains original data as well
as p probability (see equation (2)) and in-
formation on the rules applied. Pairs of data
with p probability less than 70 are not in-
cluded in the output. This information
allows us to also do detailed analyses of the
method.

The DELPHI program first transforms
all names according to the Kölner Trans-
formation and implements the methods de-
fined in Tables 3 and 4. When comparing
one person against 100,000 persons the pro-
gram needs about two seconds on a common
PC. The resulting computing times are ac-
ceptable for our typical projects. Therefore,
we did not implement blocking techniques,
which are known to reduce computing time
by a quadratic factor [8].

The program runs well in practice and
has proven advantages with regard to sim-
plicity of interface and interpretation of re-
sults. From the point of view of our cancer
registry its main advantage is that it takes
into account typing errors that derive from
the language used, thus here restricted to the
German language.

Results
The program described above is applied in
the Cancer Registry of Tyrol to join various

Method Example

Left part or right part of
name identical

Müller and
Müller-Westernhagen

1 character wrong Maier and Mayer

1 character missing Maier and Mair

2 neighboring characters
exchanged

Maier and Miaer

Table 3 Additional methods

Component or method for
component

Weight

Last name: left or right part identical wlast name*0.9

Last name: 1 character wrong wlast name*0.8

Last name: 1 character missing wlast name *0.8

Last name: 2 characters exchanged wlast name *0.8

First three digits of last name identical wlast name *0.4

First name: left or right part identical wfirst name*0.5

Last name and birth name exchanged wlast name

Date of birth: 1 character wrong wdate of birth*0.8

Date of birth: 2 characters exchanged

Date of birth: day and month
exchanged

Date of birth: day identical

Date of birth: month identical

Date of birth: year identical

wdate of birth *0.8

wdate of birth *0.8

wdate of birth *0.3

wdate of birth *0.3

wdate of birth *0.3

Table 4 Correction factors for weights

Number of linkages 130,509

Identical pairs 105,272 (80.7%)

Decision automatic 93,627 (88.9%)

semiautomatic 11,645 (11.1%)

Applied rules Decision automatic

Last name identical 91,835 (98.1%)

Phonetic transformation of last name identical 1,692 (1.8%)

First name identical 88,949 (95%)

Decision semiautomatic

6,014 (51.6%)

157 (1.3%

9,926 (85.2%)

Date of birth identical

Sex identical

Last name AND date of birth identical

Last name AND date of birth AND first name identical

One character rules (see Table 3) apply for last name

93,627 (100%)

91,750 (98%)

91,835 (98.1%)

87,160 (93.1%)

0

8,662 (74.4%)

10,872 (93.3%)

3,159 (27.1%)

1,970 (16.9%)

4,701 (40.4%)

Table 5 Results of evaluation for years 1999-2003
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data sources and check duplicates in the
incidence database. Table 5 describes the
main results for all linkages done in the
years 1999 to 2003. A total of 130,509 link-
ages were conducted, of which 105,272
(80.7%) were identical pairs. Of these iden-
tical pairs, 88.9% of decisions were per-
formed automatically and 11.1% semi-auto-
matically (meaning they were made by the
clerical staff).

For results decided automatically, 98.1%
had identical last name and 1.8% had iden-
tical phonetic transformation of the last
name; 95% of cases had identical first name
and all cases had identical date of birth.
Simultaneous identity of last name and date
of birth and first name was observed for
93.1%.

For results decided semi-automatically,
51.6% had identical last name and 1.3%
identical phonetic transformation of the last
name. First name was identical in 85.2% of
cases and date of birth was identical in
74.4%. Simultaneous identity of last name
and date of birth and first name was ob-
served for 16.9%. One-character rules (de-
fined in Table 3) applied to last name for
40.4%.

Discussion
Choice of Critical Bounds
We use this program for two main purposes,
namely for linking two different data
sources and for identification of persons
registered more than once in the database.

One of the key decisions during imple-
mentation was to choose specific values for
the critical bounds p1 and p2. In order to
evaluate this decision, one must bear in
mind the consequences of false-positive and
false-negative decisions [12-17].

For medical applications, false-positive
linkages cause wrong medical information
to be assigned to a person. This must be
avoided in all cases. The consequences of
false-negative linkage (not assigning, for
example, diagnoses or results to a patient)
would mean that data available for a per-
son are not recognized. Of course, this
should also be avoided, but the con-

sequences are not as dramatic as for false-
positive linkage.

In epidemiological studies, false-posi-
tive linkages generally result in underesti-
mating true rates, whereas false-negative
linkages result in overestimating rates. It is
well known that small errors in record link-
age (5%) can yield a substantial error in the
estimated rates (see e.g. Pukkala, lecture at
the IARC 1998 conference in Atlanta).

When applying our method, false-posi-
tive record linkage results (homonyms) can
occur in the following situations based on p
probability: For p ∈ (p2, 100] the decision
is based only on the p probability. Based on
our choice of p2 = 95, a false-positive deci-
sion occurs only when there are minimal
differences in a single component and all
other components have identical values. For
p ∈ [p1, p2] all decisions are made by the
user. The method can prompt false-positive
decisions if the resulting list contains long
parts with identical pairs interspersed by a
few pairs describing different persons.

False-negative record linkage results
(synonyms) can occur in the following
situations based on the p probability: For
p ∈ (0, p1), the pair is not included in the out-
put file. For p ∈ [p1, p2], all decisions are
made by the user. The method can provoke
false-negative decisions if the resulting list
contains long parts with non-identical pairs
interrupted by a few pairs describing the
same person.

In order to reduce false-positive and
false-negative results, the critical bounds p1

and p2 can be changed. It should be noted
that every change in the critical bounds has
consequences for the time needed to decide
the unclear cases and in some respect also
for the overall result, bearing in mind the po-
tentially longer lists with unclear cases
which can also provoke additional errors.
Many decisions can be made just by taking a
close look at the components. Other deci-
sions require further information and in
general a few minutes of time. Good deci-
sions are based on proper knowledge of data
origins, on knowledge of typical registration
errors and on good knowledge of frequent
last names and first names.

Validation of Method
The correctness of the method presented
depends on three factors, namely the correct
implementation of the probabilistic record
linkage method, the proper choice of criti-
cal bounds and the thoroughness of the
clerical staff working on the list of unclear
cases.

Implementation of the method by writing
a software program was checked and care-
fully tested by proper cross-reading of the
code and by applying the program to suit-
able test data. The proper choice of critical
bounds was discussed in the previous
chapter.

By implicit assumption, the method al-
so depends on the availability of the key
information needed for the method. As
described in the Introduction, the cancer
registries usually collect these data accu-
rately.

In order to check the overall result of the
method, we reanalyzed two typical appli-
cations of the record linkage method. As
mentioned, we use the program for two pur-
poses, namely to detect persons registered
multiple times and to combine two data-
bases. Both functions were checked sys-
tematically.

Checking for persons registered multiple
times was done for all incident cancer cases
of the year of diagnosis 1996. Checking for
errors when combining two databases was
performed by linking the incidence data of
the year 1996 and the mortality data for the
years 1996 to 2001. We searched for false-
positive and false-negative pairs. This was
done by means of a long list of heuristic
checks, for example persons for whom the
first three letters of their last name and their
complete date of birth are identical, or per-
sons for whom the first five letters of their
last name and the month and year of birth
are identical. In total, we could not find
any false-positive or false-negative com-
bination. Also, we could not find any person
registered multiple times. It should be men-
tioned that one possible bias within this
check is the fact that the re-evaluation was
done by the same clerical staff, who there-
fore could make the same wrong decision a
second time.
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Practical Considerations
Our method needs additional time as com-
pared to deterministic procedures. This is
the case for every probabilistic record link-
age procedure, because they result in cases
that cannot be decided automatically per
definition. Thus, when applying a probabi-
listic method, one has to decide how much
time to spend on deciding the status of
unclear cases. Both our main applica-
tions, namely detecting persons registered
multiple times and assessing patient life
status, have direct impact on main results
and we therefore decided to invest the extra
time in order to obtain reliable incidence
and survival rates.

Table 5 shows that 11% of identical pairs
were not decided automatically and that of
those cases decided automatically 6.9% did
not have simultaneous identity of last name
and first name and date of birth. This means
that around 15% of cases would not have
been linked by the widely used rules of de-
terministic record linkage procedures.

One further aspect should be mentioned
that is specific for our region: residential
mobility is low. We know from studies that
patients have on average only about three
residences throughout their lifetime [20].
This means that change of patient address is
rather unlikely to occur and so the com-
ponent municipality code or zip code is very
stable.

Commercial programs are available for
record linkage, Automatch [10, 11, 18, 19]
being one of the main programs used in this
area. Automatch offers very good imple-
mentation of the methodology of probabi-
listic record linkage. The main difference
between Automatch and our solution is the
consideration of what we call additional
methods defined in Table 3. In addition, our
implementation is adapted to cancer regis-
try data structure, and all decisions concern-
ing choice of parameters are fix-coded so
that all user interactions are minimized, re-
sulting in a very time-efficient operation. A
further reason was the rather high price of
Automatch.

One of the problems encountered in
practical record linkage is that more or less
precise information is needed to identify a
person while every registry must observe

strict data privacy laws [21-23]. The legal
basis for our cancer registry allows us to
store all data on identification of patients, of
course in compliance with strict guidelines
to safeguard confidentiality. We hope that in
future a unique person identifier will be in-
troduced in our country, which would over-
come record linkage problems and all data
privacy concerns [24].

Conclusions
We have developed a record linkage method
for cancer registries in Austria based on the
theory of probabilistic record linkage ad-
justed for special conditions in the German
language. The method serves two main pur-
poses, namely record linkage of various data
sources and identification of persons regis-
tered more than once in the database. Both
goals were reached with adequate precision.
The time needed to decide unclear cases is
justifiable.
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The objective of this study was to analyze in detail the time trend in prostate cancer mortality in the population of
Tyrol, Austria. In Tyrol, prostate-specific antigen tests were introduced in 1988–1989 and, since 1993, have been
offered to all men aged 45–74 years free of charge. More than three quarters of all men in this age group had at
least one such test in the last decade. The authors applied the age-period-cohort model by Poisson regression to
mortality data covering more than three decades, from 1970 to 2003. For Tyrol, the full model with age and period
and cohort terms fit fairly well. Period terms showed a significant reduction in prostate cancer mortality in the last
5 years, with a risk ratio of 0.81 (95% confidence interval: 0.68, 0.98) for Tyrol; for Austria without Tyrol, no effect
was seen, with a risk ratio of 1.00 (95% confidence interval: 0.95, 1.05). Each was compared with the mortality rate
in the period 1989–1993. Although the results of randomized screening trials are not expected until 2008–2010,
these findings support the evidence that prostate-specific antigen testing offered to a population free of charge can
reduce prostate cancer mortality.

Austria; mortality; prostate-specific antigen; prostatic neoplasms

Abbreviations: APC, age-period-cohort; ASR age-standardized rate; PSA, prostate-specific antigen.

Prostate cancer is the second-leading cause of male can-
cer death in most industrialized countries. Thus, the discus-
sion about whether prostate-specific antigen (PSA) testing
should be offered in organized screening programs acquires
great public health importance. Very large, randomized stud-
ies with more than 100,000 cases and controls per study
are still ongoing in Europe and the United States; to our
knowledge, only one smaller randomized study in Quebec
has been concluded (1). These large studies reflect the excep-
tional interest in scientifically proven evidence on whether
organized PSA screening reduces prostate cancer mortality.
Until now, screening healthy men for prostate cancer has
been shown to be feasible and acceptable in large studies
(2). However, conclusive results are not anticipated until

2008–2010 (3), and one must bear in mind that randomized
studies are expected to entail some problems with contam-
ination of control groups (2).

PSA tests were introduced in Tyrol, Austria, in 1988–
1989 and, since 1993, have been offered to all men aged
45–74 years (4). In Tyrol, where PSA testing is free of
charge and is widely accepted, more than three quarters of
men in this age group had at least one PSA test in the period
1993–2003, and some of them have PSA tests regularly. In
addition, free annual health checks, including a digital rectal
examination, are offered not only in Tyrol but also in all of
Austria. Roughly one fifth of men accept this offer of a gen-
eral medical examination. However, in Austria without
Tyrol, PSA tests are not included in the free annual checks
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and must be paid for by the patient. Consequently, in Tyrol,
the prostate has taken the lead among incident cancer sites
for men, accounting for one third of all incident cancer
cases, although, in terms of mortality, lung cancer is still
much more frequent and accounts for one fourth of male
cancer deaths. Prostate cancer is responsible for 12 percent
of such deaths. The number of incident prostate cancer cases
has more than doubled in the last decade, with up to 600
incident prostate cancer cases diagnosed annually in recent
years (5–8).

These facts prompted us to conduct an in-depth analysis
of time trends in cancer mortality. Our objective was to
examine the time trend in prostate cancer mortality by using
an age-period-cohort (APC) model to determine whether
there was a significant change in the trend and to compare
the results for Tyrol with those for Austria without Tyrol.

MATERIALS AND METHODS

Mortality data, which are collected by Statistics Austria
(9), were analyzed for Tyrol and for Austria without Tyrol.
In Austria, death certificates are issued by official, specially
trained medical physicians, pathologists, and forensic med-
ical experts. Specialists at Statistics Austria, the federal
institution for statistics in Austria, follow international guide-
lines and select one main diagnosis that led to death and
assign it one International Classification of Diseases code
(using the Ninth Revision until 2001, the Tenth Revision
since 2002). All procedures concerning death certificates,
data collection, and coding are applied uniformly through-
out Austria and are not state specific. We analyzed all cases
for whom prostate cancer was coded as the cause of death,
as described above.

Population data are also collected by Statistics Austria.
Census data are available for the years 1971, 1981, 1991,
and 2001; for intercensus years, population figures are ex-
trapolated based on births, deaths, and migration informa-
tion. At the time of our analysis, we had no access to
population data for 2003 and thus used the population data
from 2002 for 2003 (the difference in population for 1 year
is very small: about 0.6 percent for states in western Austria
and even less in the eastern states, namely, about 0.2 per-
cent). The male population of Tyrol in census year 2001 was
328,323. In Austria without Tyrol, it was 3,559,913.

The analysis of mortality time trends was based on APC
modeling by fitting separate models for Tyrol and for
Austria without Tyrol (10, 11). APC models allow separate
effects to be estimated for age (A), period or year of death
(P), and cohort (C) by means of Poisson regression. In
a more formal sense, we fit a series of models as follows:

logðqAPCÞ¼ aAþbPþcC; whereC¼P�A;

q denotes themortality rate:

The model is often written in antilogs as follows:

qAPC ¼ aA#bP#cC#;

where aA# denotes the antilog of aA or

aA#¼ expðaAÞ; and so forth:

As suggested by Clayton and Schifflers (10, 11), a series
of models is fit until model fit is adequate. We start with
A alone and proceed by including P and/or C in the model
if the model fit is not sufficient without the extra term and
inclusion of the term substantially improves goodness of
fit. Goodness of fit is measured by deviance, which should
be equal to or close to the degrees of freedom if the model
fit is reasonably good.

For statistical analysis, the number of prostate cancer
deaths was aggregated in 5-year age groups, 5-year period
groups, and consequently 5-year cohort groups. In Tyrol,
there are very few prostate cancer deaths in men less than
age 60 years (3.3 percent of all prostate cancer deaths). We
thus decided to build the model for age groups beginning
with age 60–64 years and to continue by using 5-year age
groups. We had access to mortality data beginning in 1970,
so our first period group was 1970–1973. The others con-
tinued in 5-year period groups and ended with the period
group 1999–2003. Our hypothesis was that the mortality
rate decreases following PSA testing, so the reference cat-
egory for period was 1989–1993. Consequently, because
C ¼ P – A, cohort groups began with 1882–1886 and con-
tinued in 5-year groups.

The analysis was performed with Stata version 8 soft-
ware, using procedure poisson for Poisson regression (12).

RESULTS

We fitted separate models for prostate cancer mortality
for Tyrol and for Austria without Tyrol according to the
method suggested by Clayton and Schifflers (10, 11). If
a model fits well, the deviance is chi-square distributed with
degrees of freedom as given by the model. Therefore, if the
deviance is equal to or near the degrees of freedom, the
model fits rather well. For Tyrol, the AP model had 30 df
and deviance 50.3; the AC model had 25 df and deviance
69.0. After adding period and cohort terms, the APC model
reached 20 df with deviance 27.1, which seems reasonably
good. For Austria without Tyrol, the AP model had 30 df
and deviance 243.7, the AC model had 25 df and deviance
80.8, and the APC model had 20 df and deviance 61.4. We
also applied the likelihood ratio test for parameters to test
whether the effect of a new parameter was different from
zero. For every step in model extension, the likelihood ratio
test showed that the parameter effect was different from
a zero effect. Thus, it was justified to add each parameter
step by step.

One characteristic of the applied model is that period and
cohort effects were divided into linear effect (called drift)
and nonlinear effect (called nondrift). For Tyrol, we found
that neither the AP model nor the AC model reached suffi-
cient model fit, but the APC model fit fairly well. We could
not distinguish between drift in period and drift in cohort
because, when we modeled drift in cohort terms, we found
a strong nondrift period effect, and when we modeled drift
in period terms, we found a strong nondrift cohort effect.
For Austria without Tyrol, none of the models reached suf-
ficient model fit, so conclusions drawn from the model are to
be interpreted with great caution. We modeled drift in period
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terms, so what we report here as estimators for period is the
linear plus the nonlinear time trend.

Effects from the APC model are described in table 1. The
reference category for age was 60–64 years; for period, the
reference category was 1989–1993; and for cohort, the ref-
erence category was 1882–1886. Figures 1 and 2 show
observed age-specific rates and predicted rates in an age-
period graph and in an age-cohort graph, respectively.

Age effects were comparable for Tyrol and Austria with-
out Tyrol. Compared with the age group 60–64 years, effects
were about 2, 5, 9, 15, and 24 for the age groups 65–69,
70–74, 75–79, 80–84, and �85 years, respectively.

Period effects, each compared with years of death 1989–
1993, were about 0.7–0.8 for the 1970s and 1980s in Tyrol
and about 0.9 for both decades in Austria without Tyrol.
Details are shown in table 1 and figure 3. For the years after
1993, which means after optional PSA testing was intro-

duced for all men in Tyrol, Tyrol showed an effect of 0.94
(95 percent confidence interval: 0.81, 1.10) for 1994–1998
and a significantly reduced effect of 0.81 (95 percent confi-
dence interval: 0.68, 0.98) for 1999–2003. For Austria with-
out Tyrol, the effects were 0.99 for 1994–1998 and 1.00 for
1999–2003.

For Tyrol, cohort effects were about 1.5 until 1916, after
which we found a decrease over the next decade, reaching
1.0 in 1927. For Austria without Tyrol, cohort effects were
rather stable, with estimators of 1.20–1.40.

DISCUSSION

Our analysis was based on an observational study con-
ducted among the population of Tyrol, where PSA testing
has been offered to men free of charge since it was intro-
duced in the early 1990s. Note that PSA testing is offered in

TABLE 1. Model estimators for period and cohort given by the age-period-cohort model,

drift in period, for Tyrol and for Austria without Tyrol, mortality data for Austria, 1970–2003

Tyrol Austria without Tyrol

Estimator 95% CI* Estimator 95% CI

Age (years)

60–64 1 Reference 1 Reference

65–69 2.08 1.63, 2.65 2.29 2.15, 2.43

70–74 4.99 3.93, 6.34 4.62 4.35, 4.92

75–79 8.73 6.72, 11.33 8.96 8.38, 9.57

80–84 14.93 11.07, 20.12 15.44 14.31, 16.66

�85 23.83 17.06, 33.30 24.59 22.61, 26.74

Period

1970–1973 0.71 0.53, 0.96 0.88 0.82, 0.95

1974–1978 0.66 0.51, 0.85 0.90 0.84, 0.96

1979–1983 0.81 0.66, 0.99 0.87 0.83, 0.92

1984–1988 0.83 0.71, 0.97 0.91 0.87, 0.95

1989–1993 1 Reference 1 Reference

1994–1998 0.94 0.81, 1.10 0.99 0.95, 1.03

1999–2004 0.81 0.68, 0.98 1.00 0.95, 1.05

Cohort

1882–1886 1 Reference 1 Reference

1887–1891 1.50 0.94, 2.39 1.22 1.09, 1.38

1892–1896 1.62 1.07, 2.46 1.25 1.12, 1.39

1897–1901 1.80 1.22, 2.65 1.34 1.21, 1.48

1902–1906 1.65 1.13, 2.40 1.41 1.28, 1.55

1907–1911 1.52 1.04, 2.21 1.45 1.32, 1.59

1912–1916 1.57 1.07, 2.30 1.45 1.32, 1.60

1917–1921 1.31 0.87, 1.99 1.27 1.15, 1.41

1922–1926 1.13 0.72, 1.77 1.18 1.05, 1.32

1927–1931 1.02 0.62, 1.67 1.17 1.04, 1.33

1932–1936 1.06 0.60, 1.87 1.23 1.07, 1.41

1937–1941y

* CI, confidence interval.

yBecause there was drift in period, there is no estimator for this last cohort.
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an opportunistic way, not in the framework of an organized
screening program. In addition, without a system of invitation
and reinvitation, about three quarters of men aged 45–74
years underwent at least one PSA test for screening purposes
in 1991–2003 (4). It seems justified to compare the time

trend in prostate cancer mortality in Tyrol with that in the
other Austrian states (detailed figures are given in table 2)
because time trends in prostate cancer mortality were quite
comparable until 1990, and health services in general, as
well as diagnosis and therapy for cancer patients, are
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uniform throughout Austria. PSA tests are also conducted in
Austria without Tyrol but not on the same scale as in Tyrol.

The results of our model showed a statistically significant
reduction in prostate cancer mortality during the last period
(1999–2003) in Tyrol, but no reduction in Austria without
Tyrol. Our final model for Tyrol fit well and also included
cohort as an independent factor, so period effects were ad-
justed for cohort effects. In contrast, for Austria without
Tyrol, model fit was not good.

Figure 4 and table 2 show an increase in the prostate
cancer mortality rate in both geographic areas and higher
rates for Tyrol compared with Austria without Tyrol
between 1980 and 1990. We observed an increase of about
15 percent in prostate cancer mortality for most central
European countries between 1980 and 1990 (13). In Tyrol,
the age-standardized rate (ASR) was 11–17 in 1970–1975
and reached a peak between 1987 and 1995, with a mean
ASR of 19; in the rest of Austria, the ASR was 13–15 in
1970–1975 and peaked at 18 in 1991. We found no clear
reasons for this different increase in Tyrol and in Austria
without Tyrol. In the model, we defined the reference cate-
gory for time as 1989–1993. As a consequence, for both geo-
graphic areas, the estimator for this reference time period
was 1 and the period estimators for Tyrol were smaller in the
1970s and 1980s than for Austria without Tyrol (figure 3).

A recent publication by Vutuc et al. (14) analyzed pros-
tate cancer mortality data in Austria from 1970 to 2002.
That study used a different method, namely, a joined-point
regression model, which assumes linear segments and iden-
tifies points where the slope changes. Age groups were also
defined in a slightly different way. Possibly its greatest dif-
ference from our method is that the joined-point regression

model did not take cohort effects into account. Finally,
Vutuc et al. analyzed mortality data up to 2002, whereas
we considered mortality data up to 2003. For Austria with-
out Tyrol, Vutuc et al. found a significant annual decrease of
�2.36 for the age group 70–79 years beginning in the year
1989 and a significant annual increase of 1.64 for the age
group 80–89 years (we report significant results only). For
Tyrol, the authors reported a nonsignificant annual increase
of 1.15 for the age group 50–59 years, a nonsignificant an-
nual decrease of �0.60 for the age group 60–69 years, a sig-
nificant annual decrease of �6.42 for the age group 70–79
years beginning in 1991 (after a nonsignificant annual in-
crease of 1.99), and a nonsignificant annual increase of 1.16
for the age group 80–89 years.

When we looked at the age groups up to 80 years, about
two thirds of prostate cancer deaths were found in the age
group 70–79 years. However, the Vutuc et al. (14) results
also showed a significant decrease.

One might argue that differences in age structure could be
responsible for some of the differences in prostate cancer
mortality; however, our model considered age groups. In
addition, there were only slight differences in age structure
between Tyrol and Austria without Tyrol. Whereas in Tyrol
the percentages of men aged 65, 75, and 85 years or older
were 12.3, 4.7, and 0.9, in Austria without Tyrol, the re-
spective percentages were 10.9, 4.0, and 0.9.

Because we analyzed mortality data, the quality of death
certificates was very important to the conclusions we drew.
In general, the quality of mortality statistics in Austria has
been high for decades (15). Nevertheless, we cannot rule out
the possibility that PSA testing has had an influence on
death certificates. As mentioned above, coding is performed
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by one central institution for the whole of Austria and thus is
not state specific. Therefore, the only difference could be in
how the death certificates are written. We can imagine a bias
in each direction: a tendency to code either more prostate
cancer deaths because of great public awareness of prostate
cancer or fewer prostate cancer deaths because of more
caution in denoting prostate cancer as the cause of death.
In summary, although we cannot rule out a bias regarding
death certificates attributable to the different time trends,
our assessment is that if a bias exists, it is probably small

and cannot explain the 19 percent reduction in prostate can-
cer mortality we observed in our model.

There are no approximate figures on the volume of PSA
testing conducted in Austria without Tyrol. We tried to use
sales figures collected by test kit companies, but all infor-
mation was too imprecise to realistically estimate the PSA
testing rate in Austria without Tyrol.

For Tyrol, we collected data from all PSA laboratories
and estimated the PSA testing rate based on two assumptions.
First, it was for only the Urology Department of Innsbruck
Medical University that we knew whether a PSA test was for
screening purposes; that is, 85 percent were screening tests,
and we assumed the same percentage for all other laborato-
ries. Second, there was no personal identifier for about
500,000 of the PSA tests, and we assumed that the first four
digits of the surname and date of birth uniquely identified
the person. Details are shown in table 3. After 9 years of
intensive PSA testing, we estimated that 75.1 percent of all
men aged 45–74 years in Tyrol had had at least one screen-
ing PSA test.

Because we had no valid information on the volume of
PSA testing conducted in Austria without Tyrol, looking at
the time trend in cancer incidence can provide some insight
into the amount of such PSA testing. When we compared
incidence time trends between Tyrol and Austria without
Tyrol, we found an ASR of 40–53 for 1988–1991. After-
ward, the incidence rate in Tyrol already had doubled by
1993 (ASR ¼ 87), and we observed an ASR of 100–130
since 1997. In Austria, however, from 1988 to 1991, the
ASR was identical to the rates in Tyrol; we observed an in-
crease beginning in 1993 and an ASR of 79–90 since 1998.
Details are shown in table 3. Thus, for Austria, we expect
a smaller decrease in mortality, and we expect the decrease
to begin some 5 years later.

Our estimation of the PSA testing rate shows that, in 1995
and 1997, more than one third and one half, respectively, of
all men in the age group 45–74 years in Tyrol had at least
one PSA screening test. However, our estimation did not
consider PSA tests before 1993. Thus, we tended to under-
estimate the true PSA screening rate. In other words, the
period when half of the men had at least one PSA screening
test is likely to be 1 or 2 years earlier. The model shows
a decrease in prostate cancer mortality in Tyrol by one third
around 2000. These data would fit a screening latency pe-
riod of 5–7 years, which has been shown for mammography
screening programs.

The effect of screening programs depends on the sensi-
tivity and specificity of the detection method but also on the
efficacy of the therapy applied for the cases detected in the
screening program. This second component should not be
underestimated. In fact, in Tyrol, a large proportion of such
patients are treated by high-quality radical prostatectomy.
This high quality of outcome is also shown by the excellent
survival figures, for example, in the EUROCARE study
(16).

The reduction in prostate cancer mortality in Tyrol could
be due to 1) prevention of the disease, 2) detection of the
disease at a stage when it is more likely to be curable, or
3) improved outcome of therapy for metastatic disease
(4). We discuss these possibilities in order to explain the

TABLE 2. Prostate cancer mortality in Tyrol and in Austria

without Tyrol, mortality data for Austria, 1970–2003

Year of
death

Tyrol Austria without Tyrol

No. ASR* No. ASR

1970 56 17.1 677 13.5

1971 41 12.6 695 13.5

1972 39 11.0 700 13.8

1973 56 15.9 779 14.9

1974 51 13.8 777 15.1

1975 47 13.3 771 14.7

1976 52 14.7 809 15.4

1977 50 13.7 779 14.2

1978 57 15.2 865 16.3

1979 68 18.0 783 14.4

1980 90 22.9 845 15.3

1981 52 13.4 849 15.3

1982 69 17.1 874 16.0

1983 61 15.2 837 15.1

1984 68 17.1 835 15.0

1985 76 17.7 905 15.5

1986 70 16.7 925 15.8

1987 87 20.9 984 16.9

1988 71 15.7 941 16.2

1989 72 15.3 986 17.0

1990 96 20.3 1,014 16.8

1991 96 21.0 1,110 18.3

1992 91 18.3 1,048 17.1

1993 96 20.4 1,081 17.7

1994 95 19.5 993 16.1

1995 93 19.2 1,109 17.4

1996 91 17.8 1,079 16.9

1997 88 15.9 1,096 16.9

1998 60 11.3 1,079 16.1

1999 79 14.2 1,143 16.9

2000 79 13.7 1,150 16.5

2001 85 14.8 1,099 16.1

2002 79 14.0 1,059 15.2

2003 68 11.6 1,092 15.5

* ASR, age-standardized rate per 100,000 using Segi weights.
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TABLE 3. Prostate cancer incidence rates in Tyrol and in Austria without Tyrol, and the PSA* screening

rate in Tyrol, mortality data for Austria, 1970–2003

Year

Prostate cancer incidence PSA screening test in Tyrol in the age group 45–74 years

Tyrol Austriay No. of men
with a PSA

screening test

Male
population

(no.)

Testing
ratez (%)

Cumulative
testing rate§ (%)No. ASR* No. ASR

1988 203 49.2 2,125 44.1

1989 216 51.9 2,322 48.5

1990 179 40.6 2,309 47.6

1991 202 47.2 2,285 46.5

1992 291 68.4 2,422 48.9

1993 365 87.3 2,709 54.5 9,474 86,067 11.0 11.0

1994 490 117.3 3,156 63.0 14,147 88,342 16.0 23.3

1995 403 94.2 3,487 68.4 20,309 90,153 22.5 34.6

1996 408 92.4 3,699 71.5 23,839 91,497 26.1 44.1

1997 480 109.1 4,001 76.2 26,796 92,607 28.9 51.0

1998 506 114.9 4,218 79.2 30,228 93,719 32.3 56.8

1999 471 103.5 4,593 84.6 36,366 95,000 38.3 63.3

2000 596 130.1 4,925 89.5 41,860 96,692 43.3 70.1

2001 600 130.9 5,131 91.5 44,400 98,638 45.0 75.1

* PSA, prostate-specific antigen; ASR, age-standardized rate per 100,000 using Segi weights.

y We had data for Austria only as a whole, not for Austria without Tyrol (the male population of Tyrol constitutes

8 percent of the Austrian male population).

z We had no unique personal identifier; therefore, we estimated men to be uniquely identified by the first four

characters of their surname and date of birth. We had no information on screening intention in the PSA database, so

we estimated the screener percentage as 85 on the basis of detailed data in the database of the Urology Department

of Innsbruck Medical University; each man is counted only once per year.

§ For the cumulative testing rate, each man was counted only once from 1993 to the end of the respective period.
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different results for Tyrol and for Austria without Tyrol.
Obviously, as shown in table 3, the disease has not been
prevented. PSA testing is known to result in a shift toward
earlier stages of the disease (4, 17, 18). Incidence data from
Tyrol show that the ASR for metastatic cancer decreased
from 5.2 to 2.1 and for advanced cancer (stage IVaccording
to Union International Contre Cancer) from 7.9 to 3.7,
whereby each decrease was calculated from the period
1988–1992 to the period 1998–2002. We had only limited
data for Austria without Tyrol showing a reduction in dis-
seminated prostate cancers of 20 percent in the last decade
(19). Labrie et al. (1) reported that, in the Quebec study, only
one of 159 cancers (0.6 percent) was metastatic, and
Hugosson et al. (18) found that 97 percent of the cancers
detected by screening were clinically localized. Jani et al.
(20) also reported stage shifts. Thus, the mortality reduction
in Tyrol and the stage shift are in line with observations
made in other studies, and the different sizes of stage shift
are in line with the different results for Tyrol and for Austria
without Tyrol.

With regard to improved outcome of therapy for meta-
static disease, all patients in Austria have equal access to
therapeutic resources; radiotherapy and hormonal therapy
are offered in a similar way throughout Austria. In addition,
aside from a small amount of money to be paid by hospital
patients beginning recently, diagnosis and therapy are free
of charge for everyone. Therefore, it is very unlikely that
differences in therapy or differences in improvements in
therapy caused the differences in mortality reduction be-
tween Tyrol and Austria without Tyrol. In conclusion, the
main difference between Tyrol and Austria without Tyrol
seems to be the high percentage of men in Tyrol who un-
derwent a PSA test.

Other studies also show benefits of PSA screening. In
a very detailed analysis, the Surveillance, Epidemiology,
and End Results Program group showed possible benefits
of PSA screening, although this study was also population
based with known possible biases. The authors concluded
that part of the decline in prostate cancer mortality in the
United States could be due to PSA screening, although they
did not rule out other interpretations (17, 21, 22). An anal-
ysis of data for England and Wales also showed a reduc-
tion in mortality, but there was little evidence that PSA
screening was the main reason for that reduction; figures
show that a change in therapy probably influenced mortality
there (23).

The main problem with our analysis is that nonrandom-
ized studies are prone to several biases. It is hoped that this
problem will be solved by the large, randomized screening
studies under way in both Europe (European Random-
ized Study of Screening for Prostate Cancer (2)) and the
United States (24). Up to 2002, the European study—in part
population based, in part volunteer based—had enrolled
220,000 men. Neither large study will perform its final
analysis before 2008–2010 (25), and there is some concern
about contamination of control groups (2). A small study
with 46,486 participants was conducted in Quebec, Canada
(31,133 men in the intervention arm and 15,353 in the con-
trol arm), and its last update showed a relative risk of 0.38
(p � 0.0002), in other words, a 62 percent reduction in

prostate cancer deaths in the screened group. The 33 percent
mortality reduction seen in our study 10 years after PSA
testing was offered to all men in the age group 45–74 years
is in line with findings from the Quebec study if we bear in
mind that our result was derived from a population-based
analysis.

While we wait for the conclusive results of the large
randomized studies, there is great public health eagerness
to know more details of the potential benefit of PSA screen-
ing. Our study concerned a well-defined population in Tyrol,
where we had detailed knowledge of PSA testing rates and
information on therapy offered to the population. The APC
model fit well for Tyrol, and, in comparison to Austria with-
out Tyrol, the PSA testing rate seemed to be the main factor
explaining the difference in time trends between Tyrol and
Austria without Tyrol. Of course, our analysis could not
overcome the problems of nonrandomized studies, but it
can provide further information on the potential benefits
of PSA testing or screening.
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Abstract

Objective. The objective of this study was to assess the effect of department volume on survival of patients with gynaecological cancer.
Methods. We conducted an observational population-based study in Tyrol, Austria. The analysis includes all patient data on incident

gynaecological cancer collected by the Cancer Registry of Tyrol. Data were collected since 1988 on a population-based perspective; publication
of incidence data since 1988 in Cancer Incidence in Five Continents gives evidence for good completeness and validity of the database. Patient
survival status is assessed in a passive way by probabilistic record linkage between incidence data and official mortality data. We applied a
multivariate Cox regression with variables age, sex, stage, year of diagnosis, histological verification of diagnosis, transfer to other hospital and
department volume. Department volume was categorised in ≤11/12–23/24–35/≥36 patients per year reflecting one/two/three/more than three
patients per month; categories were computed separately for every site we analysed. Departments with up to 11 patients per year were called
small departments.

Results. For 4191 breast cancer patients, we found a negative effect for small departments; hazard ratio (HR) 1.39, 95% confidence interval
(CI) 1.22, 1.58. For ovarian cancer patients, we also found a negative effect for small departments (HR 1.27, 95% CI 1.05, 1.54). For cervical
cancer patients, we found a positive effect for small departments (HR 0.67, 95% CI 0.51, 0.88). No effect was shown for corpus cancer (HR 0.80,
95% CI 0.63, 1.01).

Conclusion. The results indicate that, in our country, rules on minimum department case-load can further improve survival for breast and
ovarian cancer patients.
© 2006 Elsevier Inc. All rights reserved.
Keywords: Gynaecological cancer; Survival rate; Department volume; Minimum caseload; Cancer epidemiology
Introduction

The question whether for cancer patients department volume
has an influence on overall survival and other outcome param-
eters has been investigated for more than a decade. Answers are
of great relevance for health planning and policy in the re-
spective countries. An overview published in 2000 [1] concludes
that there is an association between centre size and survival for
all solid cancer sites for which therapy is complex. One group of
Abbreviations: CI, confidence interval; HR, hazard ratio; pat/year, patients
per year; DCO, death certificate only.
⁎ Corresponding author. Cancer Registry of Tyrol, Austria, TILAK GmbH,

Anichstrasse 35, Innsbruck, Austria. Fax: +43 512 504 22315.
E-mail address: willi.oberaigner@iet.at (W. Oberaigner).

0090-8258/$ - see front matter © 2006 Elsevier Inc. All rights reserved.
doi:10.1016/j.ygyno.2006.03.044
publications concentrates on specific cancer sites and/or specific
therapy modalities, while another group analyses this question
primarily on a population basis. In addition, some authors dis-
cuss interesting methodological questions like publication bias
or self-interest bias.

In our country, about 25% of patients with gynaecological
cancer are treated in small departments (with less than 11 patients
per year), ranging from 16% to 52% of patients depending on
specific cancer site. Hence, studying the association between
department volume and survival was of special public health
interest. We consequently analysed the question on a population
basis taking into the study all cancer patients diagnosed in the
population of Tyrol, not only patients qualifying, for example, for
clinical trials. Also, we analysed all major gynaecological cancer
sites. In this way, we tried to avoid both biases mentioned above
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Ap
by reporting results for all investigated cancer sites, irrespective of
the kind of results.
Fig. 1. Hazard ratio for small departments, by cancer site (HR: Hazard ratio
adjusted for age, stage, histological confirmation and year of diagnosis.
Reference category is large departments ≥36 pat/year for breast cancer and
cervical cancer and 24–35 pat/year for ovarian and corpus cancer).
Material and methods

The Cancer Registry of Tyrol was established in 1986. Cancer data for the
population of Tyrol have been registered on a population basis since 1988. Also,
since 1988, data have been published in Cancer Incidence in Five Continents
[2], thus giving evidence of good completeness for the incidence data.

Registration is performed from a standardised questionnaire including sex,
age, cancer site and histology, date of diagnosis, stage and basic information on
primary treatment. Information on co-morbidity is not collected routinely. There
are strict rules for collecting these variables in accordance with international
guidelines (see for example [3]). The questionnaire is either completed by a
physician, or a Cancer Registry clerk collects data directly from clinical records
in the treating hospital. Two independent data bases are built up, one incidence
database and one we call search database including all information on possible
cancer diagnoses (mainly pathology reports, but also information from
radiotherapy units and various other data sources) allowing the registry to
check completeness. Cancer cases are attributed to treating departments
according to place of initial treatment.

Patient life status is assessed in a passive way. We do a probabilistic record
linkage between incidence data and the official mortality data set for Tyrol
collected by Statistics Austria [4]. In Austria, there is no general use of unique
person identifiers as, for example, in Scandinavian countries. Therefore, the
Cancer Registry of Tyrol developed a method for probabilistic record linkage
based on probabilistic record linkage theory. Using the components last name,
birth surname, first name, date of birth, sex and municipality code or zip code, a
probability of identity is computed for every pair of persons (denoted p-val),
also taking into account phonetic translations and documentation and typing
errors. If p-val is greater than 0.95, we assume without further checks that the
components describe the same person; for a p-val smaller than 0.75, we assume,
again without further checks, that the components describe different persons. A
p-val between 0.75 and 0.95 calls for a decision on a case-by-case basis. In
general, this means that further information is needed to describe the persons
more precisely.

Closure of this studywas end of 2003. For a few cases, we received information
on out-migration, but only by chance. We cannot systematically check for out-
migrant status due to data privacy constraints. However, aggregated data on out-
migrants in the population of Tyrol show that, in the age classes above 50, which
are the relevant age classes for cancer survival, the out-migrant rate is less than one
percent of the population.

We analysed the main gynaecological cancer sites: breast, ovary, cervix
and corpus. From 1988 to 2000, 4366 breast cancer cases, 976 ovarian cancer
cases, 819 cervical cancer cases and 923 corpus cancer cases were registered
in the Cancer Registry. Of these, 169 breast cancer cases, 64 ovarian cancer
cases, 15 cervical cancer cases and 16 corpus cancer cases were excluded
from analysis because of death certificate only (DCO) status and six breast
cancer cases and one ovarian cancer case because of other reasons, mainly
due to loss of follow-up. Thus, the final study included 4191 breast cancer
cases, 911 ovarian cancer cases, 804 cervical cancer cases and 907 corpus
cancer cases.

Care is provided by gynaecologists, medical oncologists and radiation
oncologists for ovarian, cervix and corpus cancer and, in addition, by
general surgeons for breast cancer. There is no training available in
gynaecologic oncology in Austria. Radiotherapy is offered by one
Department of Radiotherapy of Innsbruck Medical University and by a
radiotherapy unit within the Department of Gynaecology of Innsbruck
Medical University. Transfer to another hospital was defined as transfer
during primary treatment.

A multivariate Cox model was applied using the variables age at diagnosis,
year of diagnosis, histological confirmation, stage according to UICC, transfer
to another hospital and residence. Age was categorised in groups 0≤54/55–64/
65–74/≥75 and year of diagnosis in groups 1988–1992/1993–1996/1997–
2000. Follow-up time is shorter for more recent periods. From a theoretic
point of view, this should not bias the results under the assumption that events
are evenly distributed over time for all three period groups. The study area is
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served by one university hospital treating about half of the patients and nine
regional hospitals. Department size was defined as average number of incident
patients per year (pat/year) and categorised in groups ≤11/12–23/24–35/≥36
pat/year; department size was computed for every site separately. We defined
categories a priori according to the rationale one, two, three or more than three
patients per month. Departments with ≥36 pat/year are called large
departments and departments with 1–11 pat/year are called small departments.
In Cox analysis, reference group is defined by large departments except for
ovarian cancer and corpus cancer, for which the largest departments had no
more than 24–35 pat/year.

Residence was grouped in the capital city Innsbruck and surroundings (Ibk),
the western part of Tyrol (OL), the eastern past of Tyrol (UL) and East Tyrol
(LZ), which is a county geographically separate from the main part of the state.

Statistical analysis was done with Stata Version 8.0 [5]. After univariate
analysis, we fitted a multivariate Cox model separately for every cancer site by
initially entering all variables into themodel and then removing variables without
significant influence (backward elimination). To check the influence of variables,
the likelihood ratio test was applied. After the model was set up, we checked
proportional hazard ratio assumption first graphically and then by procedure
stphtest of Stata.

Significance was tested at the alpha level of 5%. We present hazard ratios
(HR) together with 95% confidence intervals (95% CI).

The population of Tyrol was 612,309 in the year 1988, of which 316,057
were females (51.6%). The female population increased to 342,728 in the
year 2000.

Results

Fig. 1 and Table 1 show an overview of all cancer sites
investigated. For following cancer sites, we found a significant
negative effect for small departments as compared to large
departments: breast cancer with HR 1.39 (95% CI 1.22, 1.58)
and ovarian cancer with HR 1.27 (95% CI 1.05, 1.54). For
cervical cancer, we found a positive effect with HR 0.67 (95%
CI 0.51, 0.88). A nonsignificant effect was found for corpus
cancer at HR 0.80 (95% CI 0.63, 1.01), although the effect was
near significance.

The following section describes results for individual cancer
sites in more detail.

Of 4191 breast cancer patients, 1/3 were age 54 or younger
and 22% were age 75 or older; see Table 2. Multivariate analysis
was adjusted for age, histological confirmation, stage, year of
diagnosis and department volume; see Table 1.

Of all cases, 3% had no histological verification (HR 2.68,
95%CI 2.17, 3.30), while 33%were stage I (reference category),



Table 1
Multivariate hazard ratios with 95% confidence intervala

Breast
cancer

Ovarian
cancer

Cervical
cancer

Corpus
cancer

Age group HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
≤54 1.00 1.00 1.00 1.00
55–64 1.19 (1.02, 1.39) 2.07 (1.55, 2.78) 1.35 (0.98, 1.86) 2.64 (1.35, 5.14)
65–74 1.37 (1.19, 1.58) 2.93 (2.23, 3.85) 1.96 (1.44, 2.66) 5.97 (3.18, 11.21)
≥75 2.51 (2.20, 2.87) 4.34 (3.29, 5.72) 3.08 (2.28, 4.16) 16.34 (8.75, 30.51)

No histological verification 2.68 (2.17, 3.30) 2.77 (2.01, 3.80) 10.14 (6.38, 16.10) 4.08 (2.27, 7.34)
UICC Stage

I 1.00 1.00 1.00 1.00
II 2.11 (1.83, 2.44) 2.61 (1.68, 4.04) 1.98 (1.34, 2.94) 1.91 (1.30, 2.81)
III 4.16 (3.51, 4.93) 4.02 (2.99, 5.42) 4.19 (3.02, 5.82) 3.16 (2.10, 4.76)
IV 9.89 (8.26, 11.83) 7.64 (5.60, 10.42) 9.45 (6.04, 14.76) 6.62 (4.40, 9.97)
X 4.51 (3.69, 5.53) 3.27 (2.32, 4.63) 3.77 (2.66, 5.34) 2.62 (1.95, 3.51)

Year of diagnosis b e

1988–1992 1.00 1.00 1.00
1993–1996 0.85 (0.76, 0.95) 0.89 (0.73, 1.09) 0.83 (0.63, 1.09)
1997–2000 0.78 (0.68, 0.90) 0.76 (0.61, 0.95) 0.66 (0.48, 0.91)

Department volume
≥36 pat/year 1.00 c 1.00 d

24–35 pat/year 1.07 (0.93, 1.23) 1.00 d 1.00
12–23 pat/year 1.10 (0.96, 1.27) c d d

≤11 pat/year 1.39 (1.22, 1.58) 1.27 (1.05, 1.54) 0.67 (0.51, 0.88) 0.80 (0.63, 1.01)
a Transfer to other department and Study Region make no significant contribution to multivariate model for any cancer site.
b Year of diagnosis makes no significant contribution to multivariate model for cervical cancer.
c There are no departments with ≥36 or 12–23 pat/year for ovarian cancer or corpus cancer.
d There are no departments with 12–35 pat/year for cervical cancer.
e The global effect of year of diagnosis is significant and so remains in the multivariate model, P = 0.0492 (Likelihood Ratio Test) and P = 0.0498 (Wald Test).
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43%were stage II (HR 2.11, 95%CI 1.83, 2.44), 11%were stage
III (HR 4.16, 95% CI 3.51, 4.93), 7% were stage IV (HR 9.89,
95% CI 8.26, 11.83) and 7% were stage X (HR 4.51, 95% CI
3.69, 5.53). Of all breast cancer patients, 34% were diagnosed in
the years 1988–1992 (reference category), 32% in 1993–1996
(HR 0.85, 95% CI 0.76, 0.95) and 34% in 1997–2000 (HR 0.78,
95% CI 0.68, 0.90). Of these patients, 51% were treated in large
departments, 17% in departments with 24–35 pat/year (HR 1.07,
95% CI 0.93, 1.23), 16% in departments with 12–23 pat/year
(HR 1.10, 95% CI 0.96, 1.27) and 16% in small departments
(HR 1.39, 95% CI 1.22, 1.58).

We analysed a total of 911 ovarian cancer patients, of whom
29% were age 54 or younger and 24% were age 75 or older, see
Table 3. Multivariate analysis was adjusted for age, histological
confirmation, stage, year of diagnosis and department volume;
see Table 1.

Of all ovarian cancer patients, 7% had no histological
verification (HR 2.77, 95% CI 2.01, 3.80), while 26% were
stage I (reference category), 6% were stage II (HR 2.61, 95%
CI 1.68, 4.04), 34% were stage III (HR 4.02, 95% CI 2.99,
5.42), 20% were stage IV (HR 7.64, 95% CI 5.60, 10.42) and
14% were stage X (HR 3.27, 95% CI 2.32, 4.63). Of these
patients, 36% were diagnosed in the years 1988–1992
(reference category), 31% in 1993–1996 (HR 0.89, 95% CI
0.73, 1.09) and 32% in 1997–2000 (HR 0.76, 95% CI 0.61,
0.95); 50% of patients were treated in departments with 24–35
pat/year (reference category), 50% in small departments (HR
1.27, 95% CI 1.05, 1.54). We observed no patients in other size
categories.
Of 804 cervical cancer patients, 58% were age 54 or younger
and 13% were age 75 or older; see Table 4. Multivariate analysis
was adjusted for age, histological confirmation, stage and
department volume; see Table 1.

Of all cervical cancer patients, 4% had no histological
verification (HR 10.14, 95% CI 6.38, 16.10), while 47% were
stage I (reference category), 13% were stage II (HR 1.98, 95%
CI 1.34, 2.94), 18% were stage III (HR 4.19, 95% CI 3.02,
5.82), 4% were stage IV (HR 9.45, 95% CI 6.04, 14.76) and
17% were stage X (HR 3.77, 95% CI 2.66, 5.34). Of these
patients, 44% were diagnosed in the years 1988–1992, 29% in
1993–1996 and 27% in 1997–2000 (year of diagnosis had no
significant influence in the multivariate model); 64% of patients
were treated in large departments and 36% in small departments
(HR 0.67, 95% CI 0.51, 0.88).

We analysed 907 corpus cancer patients, of whom 15% were
age 54 or younger and 27% were age 75 or older; see Table 5.
Multivariate analysis was adjusted for age, histological
confirmation, stage, year of diagnosis and department volume;
see Table 1.

Of all corpus cancer patients, 2% had no histological
verification (HR 4.08, 95% CI 2.27, 7.34), while 64% were
stage I (reference category), 7% were stage II (HR 1.91, 95%
CI 1.30, 2.81), 7% were stage III (HR 3.16, 95% CI 2.10,
4.76), 4% were stage IV (HR 6.62, 95% CI 4.40, 9.97) and
18% were stage X (HR 2.62, 95% CI 1.95, 3.51). Of these
patients, 34% were diagnosed in the years 1988–1992
(reference category), 32% in 1993–1996 (HR 0.83, 95% CI
0.63, 1.09) and 35% in 1997–2000 (HR 0.66, 95% CI 0.48,
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Table 2
Patient characteristics and univariate HR for breast cancer by department size (N=4191)

Department size Totals Univariate HR
(95% CI)≥36 pat/year 24–35 pat/year 12–23 pat/year ≤11 pat/year

Age group
≤54 791 (37.0%) 224 (31.5%) 202 (29.6%) 177 (26.9%) 1394 (33.3%) 1.00
55–64 460 (21.5%) 142 (20.0%) 157 (23.0%) 132 (20.0%) 891 (21.3%) 1.18 (1.01, 1.38)
65–74 474 (22.2%) 164 (23.1%) 187 (27.4%) 145 (22.0%) 970 (23.1%) 1.52 (1.32, 1.75)
≥75 413 (19.3%) 137 (20.1%) 137 (20.1%) 205 (31.1%) 936 (22.3%) 3.35 (2.94, 3.81)

No histological verification 20 (0.9%) 5 (0.7%) 17 (2.5%) 101 (15.3%) 143 (3.4%) 8.13 (6.78, 9.74)
UICC stage
I 752 (35.2%) 240 (33.8%) 222 (32.5%) 180 (27.3%) 1394 (33.3%) 1.00
II 968 (45.3%) 317 (44.6%) 311 (45.5%) 200 (30.3%) 1796 (42.9%) 2.14 (1.86, 2.48)
III 208 (9.7%) 93 (13.1%) 82 (12.0%) 55 (8.3%) 438 (10.5%) 4.77 (4.03, 5.65)
IV 122 (5.7%) 40 (5.6%) 31 (4.5%) 92 (14.0%) 285 (6.8%) 12.47 (10.47, 14.86)
X 88 (4.1%) 21 (3.0%) 37 (5.4%) 132 (20.0%) 278 (6.6%) 6.83 (5.66 8.24)

Year of diagnosis
1988–1992 706 (33.0%) 251 (35.3%) 211 (30.9%) 269 (40.8%) 1437 (34.3%) 1.00
1993–1996 670 (31.3%) 251 (35.3%) 227 (33.2%) 192 (29.1%) 1340 (32.0%) 0.74 (0.66, 0.83)
1997–2000 762 (35.6%) 209 (29.4%) 245 (35.9%) 198 (30.0%) 1414 (33.7%) 0.62 (0.54, 0.71)

Transfer to other department 28 (1.3%) 11 (1.6%) 8 (1.2%) 21 (3.2%) 68 (1.6%) 1.78 (1.28, 2.49)
Study region
Ibk 1653 (77.3%) 3 (0.4%) 10 (1.5%) 318 (48.3%) 1984 (47.3%) 1.00
UL 257 (12.0%) 353 (49.6%) 438 (64.1%) 154 (23.4%) 1202 (28.7% 1.00 (0.95, 1.10)
OL 203 (9.5%) 355 (49.9%) 145 (22.0%) 703 (16.8%) 1.02 (0.89, 1.16)
Lz 25 (1.2%) 235 (34.4%) 42 (6.4%) 302 (7.2%) 1.10 (0.90, 1.33)

Department volume
≥36 2138 (51.0%) 1.00
24–35 711 (17.0%) 1.14 (0.99, 1.31)
12–23 683 (16.3%) 1.13 (0.98, 1.31)
≤11 659 (15.7%) 1.94 (1.71, 2.20)
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0.91); 48% of patients were treated in departments with 24–35
pat/year (reference category) and 52% in small departments
(HR 0.80, 95% CI 0.63, 1.01). We observed no patients with
other department size categories.

Discussion

Departments

The main conclusion of the analysis is highly influenced by
how we define which department is responsible for initial
treatment. For cancer patients treated by only one department,
this definition was clear. But for some of the patients, more than
one department was involved in initial treatment. Our country
has no strict rules governing prime responsibility for cancer
treatment. So we assigned the chronologically first treating
department, and this rule seems to be rather straightforward and
make sense. The percentage of patients treated by more than one
department is rather small. In addition, when subsetting the
analysis of patients treated by only one department, the effects
were of similar size. We thus conclude that errors made in
defining who holds prime responsibility for cancer treatment
did not disturb our results.

The variable for transfer is defined as transfer during primary
treatment. Our cancer register is an incidence register that does
not collect information on the whole period from diagnosis to
death. Therefore, we are not able to present more in-depth
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information on transfer and we especially do not have data on
co-morbidities.

We attempted to estimate the percentage of patients
treated by more than one department. Since full data are
lacking, we can present only a rough estimate for primary
treatment, namely 6% of breast cancer patients, 17% of
cervical cancer, 18% of corpus cancer and 9% of ovarian
cancer patients.

Staging and other confounders

Every survival analysis depends on how well we can
adjust for inter-departmental differences in patient character-
istics. In Cox regression, we can adjust for patient
characteristics if the information is available. Our Cancer
Registry contains information on sex, age at diagnosis,
staging, year of diagnosis, histological verification of cancer,
transfer to other departments, and residence. We set up a
model specific for every cancer site by starting with all
parameters in the model and then eliminating parameters with
no significant influence on the effects (backward elimination).
This is a standard procedure described in many textbooks; see
for example [6].

Staging is collected as either TNM stage or FIGO for
ovarian cancer sites. Because there were too many combina-
tions of TNM values, we transformed TNM stage to stages I
to IV according to UICC rules [7]. For example, the Finnish



Table 3
Patient characteristics and univariate HR for ovarian cancer by department size
(N = 911)

Department size Totals Univariate
HR (95% CI)

24–35
pat/year

≤11
pat/year

Age group
≤54 155 (34.2%) 108 (23.6%) 263 (28.9%) 1.00
55–64 100 (22.1%) 96 (21.0%) 196 (21.5%) 2.27 (1.70, 3.03)
65–74 123 (27.2%) 112 (24.5%) 235 (25.8%) 3.46 (2.64, 4.54)
≥75 75 (16.6%) 142 (31.0%) 217 (23.8%) 5.69 (4.36, 7.43)

No histological
verification

3 (0.7%) 62 (13.5%) 65 (7.1%) 4.43 (3.36, 5.85)

UICC stage
I 128 (28.3%) 108 (23.6%) 236 (25.9%) 1.00
II 26 (5.7%) 30 (6.6%) 56 (6.2%) 2.73 (1.76, 4.22)
III 215 (47.5%) 93 (20.3%) 308 (33.8%) 3.72 (2.78, 4.99)
IV 43 (9.5%) 141 (30.8%) 184 (20.2%) 9.24 (6.81, 12.52)
X 41 (9.1%) 86 (18.8%) 127 (13.9%) 5.04 (3.63, 7.00)

Year of diagnosis
1988–1992 163 (36.0%) 168 (36.7%) 331 (36.3%) 1.00
1993–1996 137 (30.2%) 149 (32.5%) 286 (31.4%) 0.87 (0.71, 1.06)
1997–2000 153 (33.8%) 141 (30.8%) 294 (32.3%) 0.75 (0.60, 0.94)

Transfer to other
department

6 (1.3%) 27 (5.9%) 33 (3.6%) 1.61 (1.07, 2.42)

Study region
Ibk 225 (49.7%) 197 (43.0%) 422 (46.3%) 1.00
UL 154 (34.0%) 117 (25.5%) 271 (29.8%) 0.88 (0.72, 1.08)
OL 70 (15.5%) 81 (17.7%) 151 (16.6%) 1.11 (0.88, 1.41)
Lz 4 (0.9%) 63 (13.8%) 67 (7.4%) 1.16 (0.84, 1.60)

Department volume
24–35 453 (49.7%) 1.00
≤11 458 (50.3%) 1.78 (1.50, 2.12) Table 4

Patient characteristics and univariate HR for cervical cancer by department size
(N = 804)

Department size Totals Univariate HR
(95% CI)≥36

pat/year
≤11
pat/year

Age group
≤54 291 (56.7%) 175 (60.1%) 466 (58.0%) 1.00
55–64 89 (17.3%) 41 (14.1%) 130 (16.2%) 1.93 (1.41, 2.64)
65–74 67 (13.1%) 39 (13.4%) 106 (13.2%) 3.41 (2.54, 4.58)
≥75 66 (12.9%) 36 (12.4%) 102 (12.7%) 6.02 (4.53, 7.99)

No histological
verification

31 (10.7%) 31 ( 3.9%) 17.62 (11.73, 26.47)

UICC Stage
I 233 (45.4%) 148 (50.9%) 381 (47.4%) 1.00
II 85 (16.6%) 22 (7.6%) 107 (13.3%) 2.70 (1.85, 3.95)
III 124 (24.2%) 18 (6.2%) 142 (17.7%) 5.83 (4.28, 7.94)
IV 17 (3.3%) 18 (6.2%) 35 (4.4%) 14.12 (9.22, 21.64)
X 54 (10.5%) 85 (29.2%) 139 (17.3%) 5.55 (4.05, 7.61)

Year of diagnosis
1988–1992 233 (45.4%) 123 (42.3%) 356 (44.3%) 1.00
1993–1996 144 (28.1%) 90 (30.9%) 234 (29.1%) 0.88 (0.68, 1.13)
1997–2000 136 (26.5%) 78 (26.8%) 214 (26.6%) 0.68 (0.50, 0.92)

Transfer to other
department

10 (1.9%) 41 (14.1%) 51 (6.3%) 1.15 (0.75, 1.77)

Study region
Ibk 274 (53.4%) 80 (27.5%) 354 (44.0%) 1.00
UL 158 (30.8%) 112 (38.5%) 270 (33.6%) 0.82 (0.64, 1.05)
OL 75 (14.6%) 57 (19.6%) 132 (16.4%) 1.03 (0.77, 1.39)
Lz 6 (1.2%) 42 (14.4%) 48 ( 6.0%) 0.49 (0.27, 0.88)

Department volume
≥36 513 (63.8%) 1.00
≤11 291 (36.2%) 0.87 (0.69, 1.09)
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nationwide cancer registry categorises staging information as
localised/nonlocalised/unknown, and the European Network
of Cancer Registries recommends collecting not detailed
TNM stage but only what they call condensed TNM. If one
of the TNM components is missing, this transformation
results in stage X, thus counting unknown as well as
imprecise stages. Percentage of stage X depends heavily on
cancer site but also on department, because we have
indications that some departments have a higher percentage
of imprecise staging information (at least imprecise staging
information documented in the Cancer Registry). Thus, some
problems are encountered when comparing stage X between
departments. The percentage of stage X is in line with other
publications when we consider that our data set contains all
cancer patients of a population, and not only histologically
verified cases or cases treated in the framework of clinical
trials [8,9].

What remains is the question whether our adjustment for
staging effects was precise enough. Following international
studies and well-established registries, adjusting for UICC stage
seems to be precise enough. For certain cancer sites and for
clinical aspects, our analysis may be too imprecise, but on a
population basis, this was the best we could achieve. We also
tried to find a surrogate measure for terminal cases (meaning
cases with very poor prognosis), which were also part of our
population-based analysis. We believe that the combination of
histological verification, age and stage IV should allow
adjustment for terminal patients.

Age at diagnosis was modelled in categories also
allowing adjustment for nonlinear effects in age. Age
categories were defined a priori. For all cancer sites, the
reference category “≤54” was large enough to provide
stable estimates. We observed poorer survival in older
patients, also in multivariate analysis. In general, our cancer
register contains only limited information that can help to
explain this fact, especially since we do not collect data on
co-morbidities. Information about primary treatment for
patients aged 75 and older as compared to patients up to
age 74, reveals less radiotherapy and chemotherapy for
breast cancer, less surgery and chemotherapy for cervical
cancer, less radiotherapy for corpus cancer and less
chemotherapy for ovarian cancer. Our results are in line
with, for example, those of the EUROCARE working group,
who found survival rates to decrease with increasing age for
almost all cancer sites [10].

Period effects were modelled to adjust for time effects, for
example departments changing their treatment guidelines over
the years. Reference category was defined as years of diagnosis
1988–1992. Thus, HR can be interpreted as change in treatment
as compared to years 1988–1992. Multivariate analysis shows
improved survival over time for breast cancer and ovarian
Appendix 21



Table 5
Patient characteristics and univariate HR for corpus cancer by department size
(N = 907)

Department size Totals Univariate HR
(95% CI)

24–35
pat/year

≤11
pat/year

Age group
≤54 70 (15.9%) 62 (13.2%) 132 (14.6%) 1.00
55–64 116 (26.4%) 126 (26.9%) 242 (26.7%) 2.35 (1.21, 4.55)
65–74 140 (31.9%) 153 (32.7%) 293 (32.3%) 4.80 (2.57, 8.95)
≥75 113 (25.7%) 127 (27.1%) 240 (26.5%) 014.18 (7.66, 26.24)

No histological
verification

1 (0.2%) 17 (3.6%) 18 (2.0%) 3.78 (2.16, 6.59)

UICC Stage
I 297 (67.7%) 281 (60.0%) 578 (63.7%) 1.00
II 27 (6.2%) 38 (8.1%) 65 (7.2%) 2.23 (1.52, 3.27)
III 31 (7.1%) 31 (6.6%) 62 (6.8%) 2.66 (1.77, 3.99)
IV 21 (4.8%) 18 (3.8%) 39 (4.3%) 7.51 (5.04, 11.20)
X 63 (14.4%) 100 (21.4%) 163 (18.0%) 2.40 (1.81, 3.19)

Year of diagnosis
1988–1992 159 (36.2%) 145 (31.0%) 304 (33.5%) 1.00
1993–1996 132 (30.1%) 156 (33.3%) 288 (31.8%) 1.08 (0.83, 1.41)
1997–2000 148 (33.7%) 167 (35.7%) 315 (34.7%) 0.86 (0.63, 1.18)

Transfer to other
department

17 (3.9%) 71 (15.2%) 88 (9.7%) 1.06 (0.71, 1.59)

Study region
Ibk 261 (59.5%) 153 (32.7%) 414 (45.6%) 1.00
UL 104 (23.7%) 146 (31.2%) 250 (27.6%) 1.00 (0.77, 1.31)
OL 69 (15.7%) 104 (22.2%) 173 (19.1%) 0.77 (0.55, 1.07)
Lz 5 (1.1%) 65 (13.9%) 70 (7.7%) 1.32 (0.89, 1.98)

Department volume
24–35 439 (48.4%) 1.00
≤11 468 (51.6%) 0.98 (0.78, 1.23)
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cancer. For cervical cancer, an improvement was seen in
univariate analysis, but not in multivariate analysis. Finally,
corpus cancer does not show an improvement in univariate
analysis, but only in multivariate analysis. As already men-
tioned in the discussion of age effects, our cancer register has
limited data and therefore is not able to fully explain the
observed time trends. Information on primary treatment shows
an increase in chemotherapy for breast cancer, but we do not
have detailed information on chemotherapy regimen. For
cervical cancer, our data show an increased surgical volume
in early stages. In general, we see a clear shift towards early
stages for breast cancer and cervical cancer which of course
improves outcome.

Our general judgement is that the limited data available in
our cancer register restrict our ability to analyse in depth some
of the trends observed. This is beyond the scope of cancer
registers and should be dealt with in specially designed studies.

We did not adjust for treatment. The reason was that
adjustment should compensate for factors influencing survival
which cannot be influenced by departments, but not for factors
chosen by departments. If we consider the case of a department
that offers poor treatment, adjusting for treatment could
eliminate differences in outcome, which we feel would not be
justified. It can be argued that therapy could heavily confound
our analysis. Thus, a subanalysis examined basic variables for
primary treatment in the model. Compared to our main analysis,
pendix 22
the effects for breast cancer (HR for small departments 1.29,
95% CI 1.13, 1.47) and ovarian cancer (HR for small
departments 1.26, 95% CI 1.04, 1.53) are a little smaller but
still statistically significant. The effect for corpus cancer (HR
0.87, 95% CI 0.67, 1.12) is smaller and not statistically
significant, as already shown in the analysis without therapy,
and the effect for cervical cancer (HR 0.81, 95% CI 0.61, 1.09)
loses statistical significance. In summary, our main results,
namely negative effects for small departments for breast and
ovarian cancer, change only slightly and remain statistically
significant.

External comparison

The question studied here has been of public interest for
more than a decade. Some articles also discuss methodological
problems like self-interest bias and publication bias. Our
general goal was to analyse all gynaecological cancer sites
and report all results. Hence, neither biases mentioned above
was relevant for our study. Another bias able to distort results is
selection bias in the departments, meaning not all cancer
patients are included in the analysis, for example only patients
qualifying for certain trials. It is well known that patients treated
in clinical trials differ in their survival from other patient groups.
Again, this did not play a role in our analysis because we
analysed a population-based cancer registry data set covering all
cancer patients in our population.

Some articles deal with different outcome measures, for
example hospital mortality or 30-day mortality and complica-
tions after surgery. This was not possible in our analysis,
because we included all cancer patients, namely also patients
who did not undergo surgery or even curative therapy.
Moreover, we had no information on surgeon; this was never
part of the Cancer Registry data set.

When comparing our results with published results, one must
consider whether a specific study region employs guidelines
which contribute to standardised diagnostics and therapy, or
whether a country uses the best treatment principle, as in our
country. Such guidelines would tend to minimise outcome diffe-
rences, because small departments usually should not treat
patients with advanced cancer.

This analysis obviously cannot answer the question whether
department size per se influences patient outcome or whether
department size is merely a surrogate measure counting for
various factors influencing results.

When comparing our results with published results, we use the
term effect as shorthand for negative effect for small departments.

Our results for breast cancer are consistent with published
results. Roohan [11] reported an analysis from New York State
with a total of 47890 patients hospitalised between 1984 and
1989. In addition to hospital volume, the investigators had
information on patient age, surgery type, stage, co-morbidity,
race, socioeconomic status and distance to the hospital. For five-
year survival, they reported a risk ratio of 1.6 for very low
hospital volume (10 or fewer patients) as compared to high
hospital volume (151 or more per year). In addition, the inves-
tigators discuss a “dose–response” relationship between volume
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and survival. However, the study period dates back quite far,
which means the results might not be applicable for the most
recent decade. Skinner [12] reports a negative effect for small
departments too. Two main factors are discussed as being
responsible for the effect, namely hospital caseload [11] and
surgical specialisation [13]. The UK has guidelines for
minimum case-load [14,15]. Our database lacks detailed
information on surgical specialisation, so we cannot distinguish
between these factors.

Our results for ovarian cancer are also in line with most
relevant publications. An analysis from Austria [16] found an
effect of similar size. This study also includes information on
residual cancer after surgery and covers more than half of the
gynaecological units in Austria. Elit [17] for Canada investigat-
ed academic status and surgical speciality for cases diagnosed in
Ontario from 1992 to 1998 in a total of 3355 patients. Analysis
was adjusted for age, co-morbidity and metastatic status. The
authors reported an HR of 0.7 for gyn-oncologist and of 0.65 for
gynaecologist, each compared to general surgeon. Woodman
[18] also investigated effects for surgeons as compared to
gynaecologists and transfer to oncologists and found no effect
for surgeon volume. For these two studies, the focus is not
directly comparable to our study. Ioka [19] investigated 3523
patients newly diagnosed in 1975–1995 in Osaka, Japan. By
adjusting for age, histological type and cancer stage, the authors
report an HR of 1.6 for very low volume (less than one operation
per year) as compared to high volume (average of 9 operations
per year). Kumpulainen [20] did a population-based study in
Finland with 3851 ovarian cancer patients diagnosed from 1983
to 1994. Hospitals were categorised as university, central or
other, and by volume quartile. After adjusting for age and stage,
the authors reported a relative risk of 1.06 for other hospitals as
compared to university hospitals (nonsignificant) and a relative
risk of 1.13 for smallest as compared to largest hospitals when
categorised by quartile (significant). Du Bois [21] reported
results from a German study group and found an 82% elevated
risk for nonstudy hospitals versus study hospitals, but no effect
for hospital volume. The discussion mentioned that about 15%
of German hospitals participated, and a bias towards participa-
tion by centres more interested in quality assurance cannot be
ruled out. The main reasons discussed for benefits in large
centres are that teaching hospitals are reported to do more
accurate staging [22] and, in general, cancer management should
be done by a multidisciplinary team [18]. Recommendations for
centralisation have been given in England [23,24], Scotland [25]
and the United States [26].

For cervical cancer, we found a significant positive effect with
an HR of 0.67 for small departments. At first view, this result was
unexpected.When breaking down the analysis by stage, we found
a nonsignificant positive effect for all stages but stage II (data not
shown). Departments in Tyrol have agreed that stages II and III
are not expected to be treated in small departments. If we repeat
our analysis excluding stages II and III, the result remains
unchanged (HR 0.63, 95% CI 0.45, 0.89). Patients are not
younger in small departments. All nonhistologically verified
cases were observed in small departments and slightly more stage
I cases were also observed in small departments. We see many
more cases with unknown stage in small departments (29.2%
versus 10.5% in large departments). Consequently, the adjustment
for staging might not be able to fully compensate differences in
stage distribution for cervical cancer. We found no recent
publications dealing with centre volume and survival for cervical
cancer. This might be attributed to publication bias.

For corpus cancer, we found an HR of 0.82 (95% CI 0.65,
1.01), the effect being near significance. Again, this result was
unexpected. When we split the analysis by stage, we saw
nonsignificant positive effects for stages III, IVand X, no effect
for stage I and a negative effect for stage II, each for small
departments as compared to larger departments. Excluding sta-
ges II and III (which are unlikely to be treated in small hospitals,
as for cervix cancer), the resulting HR is nearly unchanged
(0.86, 95% CI 0.66, 1.12). There are no differences in age
structure between larger and small departments; all but one
nonhistologically verified case were diagnosed in small depart-
ments as well as more unknown stages in small departments
(21.4% versus 14.4%). Again, adjustment for staging might not
be able to fully correct differences in stage distribution due to
misclassification of stages.

For both cervix cancer and corpus cancer, additional
information is needed in order to shed more light on the unex-
pected results. This means that we would need more precise
information on therapy and multidisciplinary treatment. In our
interpretation, we have doubts whether these results are chance
findings and would need detailed information on therapy (not
only information on whether surgery or chemotherapy was
applied but also more details on treatment regimens) as well as
on the degree of coordination by various departments, which
seems to occur for these cancer sites.
Conclusion

Our analysis demonstrated for small departments significant
negative effects for breast cancer and ovarian cancer and
significant positive effects for cervical cancer. The analysis is
based on Cancer Registry data sets and hence information on
confounders is limited. As in every epidemiological analysis,
possible confounders are subject to some limitation. However,
most of our results are in line with published results. Conse-
quently, it is necessary to carefully discuss results with clini-
cians and set up guidelines for minimum department case-load,
at least for breast cancer and ovarian cancer.
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Are survival rates for Tyrol published in the Eurocare studies biased?
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Abstract
Objective. To investigate whether survival rates published in the EUROCARE studies for Tyrol are distorted, we evaluated
data quality in the Cancer Registry of Tyrol. Material and methods. Potential errors in completeness of Tyrolean incidence
data were assessed by applying semi-quantitative and quantitative methods, in part by comparing indices for Tyrol with
those of neighboring countries published in Cancer Incidence in Five Continents. Validity of patient survival status was
checked for all cancer patients diagnosed in 1997 (n�2 556). For all 1 026 of these patients still alive at end of 2007, we re-
assessed survival status. Finally, we re-abstracted date of diagnosis for a subset of 295 patients. Results. Quality indices on
completeness showed no greater bias with the exception of borderline ovarian cancer, which was in part miscoded in the
early nineties. Some differences for bladder cancer and prostate cancer between Tyrol and neighboring countries are due to
PSA testing and pathology diagnosis. Concerning patient survival status, four cases were erroneously assessed as alive, five
cases died outside Austria, three cases were proven not to belong to the population of Tyrol at time of diagnosis and 21 cases
emigrated. Absolute errors in survival rates were less than 0.5 for up to five-year survival rates and less than 1.0 for ten year
survival rates. Conclusions. Evaluation of data quality in the Cancer Registry of Tyrol demonstrated that the survival rates
published for Tyrol are only minimally biased by registration or analysis procedures. However, access to data on emigration,
which until now is not possible because of data protection restrictions, would reduce the bias in patient survival status,
bearing in mind that the extent of emigration of cancer patients is expected to increase in Austria over the coming years.

Key Words: Cancer registry, record linkage, survival, survival status

The EUROCARE studies published survival rates for

many European countries including Austria [1�3].

There has been a broad discussion of the advantages

and problems involved in this group of studies. In

EUROCARE-3, Tyrol was the only Austrian state to

contribute data, while EUROCARE-4 included in-

cidence data from all of Austria. For most cancer sites,

Tyrol in EUROCARE-3 and Austria in EURO-

CARE-4 were among the countries showing the best

survival rates in Europe. For example, cohort survival

analysis for years of diagnosis 1995�1999 showed for

Austria relative five-year survival rates of 13.9%

for lung cancer, 84.9% for prostate cancer and

40.0% for ovarian cancer. For some of the authors/

editors and international experts, these survival

results were unexpectedly good and raised scepticism

about methodology and possible bias in incidence

data and in assessing patient survival status.

A recently published review [4,5] grouped data

quality for cancer registries into comparability, va-

lidity, timeliness and completeness aspects. We will

focus on selected aspects that are directly associated

with possible bias in survival rates. First, complete-

ness of incidence data is a selection bias for survival

rates [6,7]. This bias can influence survival rates in

both directions, towards better survival rates if cases

with poor prognosis are not included in the incidence

dataset, or towards poorer survival rates if cases with

good prognosis are not registered. In total, the impact

of problems in under-ascertaining cases is somewhat
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complex. Cases with poor prognosis are more likely

to lack histological confirmation and also cause fewer

hospital admissions. Hence, it is more difficult to

trace these cases. Problems involving completeness

can be caused by registration processes but also

by errors in diagnosis, due to both pathology

diagnosis and coding errors. For example, there are

well-recognized differences in the classification and

registration of bladder tumors [8]. Secondly, bias

regarding the date of diagnosis will clearly influence

survival rates. If the registered date of diagnosis is

later than the true date of diagnosis, survival is

shortened, and vice versa. The definition of the

correct date of diagnosis is non-trivial: IARC and

ENCR guidelines are followed by many cancer

registries [9]. The third bias we will investigate

concerns misclassification of patient survival status

or by an error in determining the correct date of

death. If a patient who has in fact died is registered as

alive, this clearly biases towards better survival.

Our objective was to investigate data quality in the

Cancer Registry of Tyrol and its impact on the

survival rates published for Tyrol.

Materials and Methods

The Cancer Registry of Tyrol

The Cancer Registry of Tyrol was established in

1986. Cancer data for the population of Tyrol have

been registered on a population basis since 1988.

Also since 1988, data have been published in Cancer

Incidence in Five Continents (CI5C) [10�12]. The

population of Tyrol in the year 1988, the first year

for which incidence data are available, was 612 309,

of which 316 057 were females (51.6%), and in-

creased to 674 080 in the year 2001 with a female

proportion of 51.3%.

Registration is performed from a standardized

questionnaire including sex, age at diagnosis, cancer

site and histology, date of diagnosis, stage and basic

information on primary treatment. Information on

co-morbidity is not collected routinely. There are

strict rules for collecting these variables in accordance

with international guidelines, see for example [13].

The questionnaire is either completed by a physician,

or a Cancer Registry clerk collects data directly from

clinical records in the treating hospital. In addition to

the incidence database, we also generate a so-called

search database, which includes all information on

possible cancer diagnoses (mainly pathology reports,

but also information from radiotherapy units and

various other data sources). Then, all entries in the

search database are traced, which results either in an

entry in the incidence database or in rejection of the

potential cancer diagnosis.

The Cancer Registry of Tyrol routinely assesses

patient survival status in a passive way. We employ a

probabilistic record linkage method to combine

incidence data and the official mortality dataset for

Tyrol collected by Statistics Austria [14]. In Austria,

there is no general use of unique person identifiers as,

for example, in Scandinavian countries. Therefore,

the Cancer Registry of Tyrol developed a method for

probabilistic record linkage based on probabilistic

record linkage theory using the components last

name, birth surname, first name, date of birth, sex

and municipality code or zip code [15]. Pairs of

person identifiers that cannot be automatically iden-

tified as identical or different persons must be

individually checked by registry personnel.

Evaluation of bias

As we argued in the Introduction, the first bias

selected by us for analysis is under-ascertainment or

in other words completeness of the incidence data-

set. There is no gold standard for assessment of

completeness in a cancer registry [5]. We followed

the suggestions in [5] and selected both semi-

quantitative and quantitative methods for estimating

possible bias in completeness.

Concerning semi-quantitative methods, we in-

cluded a) the historic data method (figure of time

trend for the four most frequent cancer sites per sex

plus all cancer sites combined except non-melanoma

skin cancer (NMSC)), b) methods based on morta-

lity:incidence (M:I) ratio (by comparing M:I ratio

with that of neighboring countries whose data were

published in CI5C and plotting the M:I ratio (2002�
2006) versus one minus relative five-year survival

(1999�2003), and c) a method based on the micro-

scopically verified (MV) cases method (figure of MV

proportion in Tyrol as compared to that of neighbor-

ing countries whose data are published in CI5C). For

comparison with neighboring countries, we selected

the registries for Vorarlberg in Austria, Saarland in

Germany, St. Gallen and Graubünden in Switzer-

land, and Northern Italy. The comparisons were

based on the latest edition of CI5C, namely Volume

IX covering years of diagnosis 1998 to 2002.

Concerning quantitative methods, we estimated

completeness of incidence data by applying the flow

method proposed by Bullard et al. [16]. The flow

method estimates completeness of incidence data by

taking into consideration the logical flow of the

registration process and requires information on

data from first registration of a cancer case, a copy

of all death certificates with cancer as cause of death

(‘‘mentioning cancer’’) and the knowledge whether

or not a cancer case was death certificate-initiated

(DCI). This method estimates the probability of a

Are survival rates for Tyrol biased? 985
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patient diagnosed with cancer still being alive at time

t after diagnosis, the probability of the death certifi-

cate of a patient including a mention of cancer, and

the probability of a patient surviving until time t after

diagnosis still being unregistered. Using these three

probabilities the completeness at time t after diag-

nosis is estimated; details can be found in [16,17].

Our analysis was performed for year of diagnosis

1999. We used a statistical procedure programmed in

STATA [18] that applies Bullard’s method and was

provided by the Thames Registry.

In a second step, we investigated validity of patient

survival status and date of diagnosis, both of which

have direct impact on survival rates. Our general goal

was to study the validity of patient survival status for

a complete year of diagnosis, namely 1997. This year

was chosen so that we were able to estimate the

impact of possible errors on five- and ten-year

survival rates. A total of 2 674 cancer cases were

registered for year of diagnosis 1997; NMSC cases

were excluded. Thirty-four patients had multiple

tumors and 81 were DCO cases, thus leaving a total

of 2 559 cancer patients. Of these, 1 026 were alive at

end of 2007 according to the registry database. For

all of these 1 026 cases we contacted the respective

municipal office to obtain up-to-date information on

life and migrant status. For some cases, we had to

contact other municipal offices if the case had

emigrated from the municipality. Impact on survival

was investigated by comparing uncorrected and

corrected observed and relative survival rates. Survi-

val rates were computed using the STATA procedure

strs provided by Paul Dickman [18]. Finally, for a

subset of 295 cases drawn for other purposes we also

checked the date of diagnosis (which is registered in

strict compliance with IARC and ENCR guidelines

[9]) by inspecting the pathology reports and/or the

hospital records and deriving a re-abstracted date of

diagnosis.

Statistical analysis was performed using STATA,

Version 9.0 [19].

Results

The results of our completeness analysis applying

the flow method are displayed in Figure 1. For year

of diagnosis 1999, completeness after three years

reached 95%, and after four years, when we finished

the registration process, it was 96%.

Results obtained when applying some semi-quan-

titative methods are shown in Table I and Figures 2�5.

To analyze age-specific rates for childhood cancer, we

aggregated data for ten years in order to have more

stable numbers. For age group 10�14, rates in Tyrol

are outside the upper decile of the reference interval

[5,10], also for boys aged 5�9 years. The deciles were

derived from data published in Cancer Incidence in

Five Continents [10]. Overall, there seems to be a

tendency towards higher rates in Tyrol as compared to

the reference.

Application of the historical data method by

inspecting the incidence time trend is shown in

Figure 2. There are of course gradients that vary

with cancer, especially for prostate cancer. PSA

screening was introduced in the 1990s and caused

prostate cancer rates to double. The time trends do

not seem to fluctuate in a systematic way.

Plotting M:I ratios against 1-survival shows very

good correlation. Some deviations exist for ovarian

cancer, kidney cancer and prostate cancer. Next, we

compared the M:I ratio with that of neighboring

countries published in Cancer Incidence in Five

Continents, Vol. IX. Females showed some greater

differences for ovarian cancer, while differences in

males are greater for bladder cancer, prostate cancer

and all sites combined. Finally, we compared the

proportion of microscopically verified cases with that

reported for the same neighboring countries as

above. In total, we observed small differences be-

tween Tyrol and its neighboring registries, but some

larger MV proportions in Tyrol for lung cancer and

pancreas cancer. A statistical test by applying the

test-statistics described in [5,11] for Tyrol and the

neighboring countries did not flag any of the sites

investigated, neither for M:I ratio nor for MV

proportion, as statistically significant.

To check patient survival status, we traced back all

cancer patients diagnosed in 1997 (NMSC cases

were excluded) and still alive at end of 2007, namely

1 026. Of these 1 026 cases, 992 (96.7%) were

proven to have been alive at end of 2007, four cases

(0.4%) died in Austria before end of 2007, five cases

(0.5%) died before end of 2007 on holiday outside

Austria and such cases are not registered in the
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Figure 1. Estimated completeness of incidence dataset for Tyrol,

year of diagnosis 1999.
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mortality files. Seven cases (0.8%) emigrated to

other Austrian states, 11 cases (1.1%) emigrated to

foreign countries and three cases emigrated with

unknown destination. Finally, four cases were pro-

ven not to have belonged to the population of Tyrol

at time of diagnosis. Details are shown in Table II.

The uncorrected observed one, three, five and ten

year survival rate was 73.3%, 60.7%, 53.9% and

41.1% and the corrected observed survival rate for

one, three, five and ten years was 73.1%, 59.9%,

53.0% and 39.9%, respectively. The differences in

relative survival rates are of similar magnitude,

details are shown in Table III.

For a subset of 295 cases chosen for other

purposes we also re-abstracted the date of diagnosis

by inspecting pathology reports and hospital records.

For 168 cases (56.9%) the re-abstracted date of

diagnosis was completely identical to the registered

Table I. Childhood cancer in Tyrol: Age-specific rates (years of diagnosis 1997�2006) and reference deciles.

Girls Boys

Age group Age-specific rate Reference deciles Age-specific rate Reference deciles

0�4 16.3 B9.7�21.4 14.5 B12.3�24.7

5�9 9.4 B6.9�12.0 16.0 B8.5�15.6

10�14 17.2 B6.8�13.6 16.9 B8.5�15.0
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Figure 2. Time trend of age-standardized incidence rate for all

sites combined except NMSC and for the most frequent sites

(SEGI weights).
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date of diagnosis, and for a total of 286 (96.9%)

cases the re-abstracted date of diagnosis was within

one month of the registered date of diagnosis. For

four cases the re-abstracted date of diagnosis was

one to four months too late (thus underestimating

published survival time), and for five cases it was one

to two months too early (thus overestimating pub-

lished survival time). Details are shown in Table IV.

Discussion

We investigated data quality in the Cancer Registry

of Tyrol. Completeness was studied by applying

selected quantitative and semi-quantitative methods

for assessing the completeness of incidence data.

Furthermore, we studied patient survival status and

the impact on survival rate for all cancer patients

diagnosed in 1997 and the validity of date of

diagnosis for a subset of 297 patients.

First, we will discuss completeness of the inci-

dence data. There is no gold standard or any one

simple indicator for assessing the completeness of a

cancer registry [5]. Hence, it is necessary to apply

various methods and discuss completeness by form-

ing an opinion on the basis of all information.

Application of the flow method gave an estimation

of completeness of 97% after four years. The flow

method relies, among other things, on the fact that
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Figure 4. M:I ratio Tyrol versus that of neighboring countries* by

cancer site; data from Cancer Incidence in Five Continents, Vol.

IX (1998�2002).

*Northern Italy, Germany (Saarland), Austria (Vorarlberg),

Switzerland (St. Gallen), Switzerland (Graubünden/Glarus)
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Figure 5. Proportion of microscopically verified cases in Tyrol

versus in neighboring countries* by cancer site; data from Cancer

Incidence in Five Continents, Vol. IX (1998�2002).

Table II. Corrected patient survival status for all malignant cancer

cases diagnosed in 1997 and still alive at 31.12.2007 (N�1026).

Corrected Survival Status N (%)

Alive at 31-12-2007 992 (96.7%)

Deceased before 31-12-2007 in Tyrol 4 (0.4%)

Deceased before 31-12-2007 outside Austriaa 5 (0.5%)

Emigrationb 21 (2.0%)

No regular residence in Austria at diagnosisc 4 (0.4%)

aPersons living in Tyrol, who die outside Austria, are not

registered in the mortality file.
bOf 21 emigrants, seven moved to other Austrian states, four to

Germany, two to former Yugoslavia, one to Italy, one to Great

Britain, one to Spain, two to South America and for three cases we

were not able to determine the destination.
cIn Austria, we have two types of residence, a primary and a

secondary residence. All four cases had only a secondary residence

in Austria, and mortality information is provided only for persons

holding a primary residence.
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the exact date of first registration and the DCI status

for a cancer case were recorded. We register this

information carefully, because it is directly linked to

the search database and thus essential for the

registration procedures.

In addition to the flow method as a quantitative

method, we also applied four semi-quantitative

methods, namely we looked at age-specific rates of

childhood cancer and compared these to reference

values, looked at time trends for frequent cancer

sites, compared the M:I ratio to survival estimates in

the registry and compared the M:I ratio to that of

neighboring countries and finally compared MV

proportions to those of neighboring countries.

Childhood cancer age-specific rates are at the

upper limit of reference deciles and in part exceed

the upper decile. Underestimation is thus unlikely.

One possible reason for high rates could be dupli-

cates. This was carefully checked and we found no

errors. Pediatricians told us that all cases are treated

within clinical studies and diagnoses are cross-

checked with a reference institution in Austria.

When looking at time trends, the most striking

effect is seen for prostate cancer, where the age-

standardized rate doubled in the early 1990s as a

result of intensive PSA testing; this phenomenon has

been described elsewhere [21�23]. We observed that

prostate cancer accounts for about one-third of all

male cancer sites. Thus, prostate cancer also has a

great impact on survival rates for all cancer sites

taken together.

Investigation of the M:I ratio shows some differ-

ences for ovarian cancer, bladder cancer and prostate

cancer by comparison with neighboring countries.

Prostate cancer was described above. We observed

that for females, the rates for ovarian cancer and for

bladder cancer are higher than those in neighboring

countries. For ovarian cancer, the proportion of

borderline tumors might explain this phenomenon.

It is known that borderline ovarian cancer accounts

for up to one-quarter of all ovarian cancer cases [24],

and indeed we noticed that in the nineties, our

registry erroneously coded some ovarian cancer cases

(it should be mentioned that version 1 of ICD-O

involved great problems in correctly coding border-

line ovarian cancer). In the meantime, this error has

been corrected.

Bladder cancer is known to be strongly influenced

by pathology definitions and coding errors, see for

example [8]. We checked our bladder cancer cases and

came to the conclusion that a coding error is unlikely.

However, it is known that the one main pathology

institute that performs diagnostic tests for most of our

bladder cancer cases follows a rather strict rule for

diagnosing this cancer (personal communication).

It is worth noting that the registry area is quite small

and its population is served by not more than ten

hospitals in the state. Few patients are treated in

neighboring regions of Austria; these cases are traced

back, because we know the most likely treating

hospitals. Furthermore, Innsbruck Medical Univer-

sity attracts cases because of its academic status and,

consequently, immigration of patients is far stronger

than is emigration. Also, for certain diagnoses like

head and neck, neoplasms in the hematopoietic and

the lymphatic system the predominant majority of

patients is treated at Innsbruck Medical University

plus one or two additional hospitals. This fact

Table III. Uncorrected and corrected observed and relative survival rates for patients diagnosed in year 1997 (n�2559).

Observed Survival Ratea Relative Survival Ratea

Uncorrected Corrected Uncorrected Corrected

One-year survival 73.4 73.2 76.0 75.9

Three-year survival 60.6 60.3 66.8 66.4

Five-year survival 53.8 53.4 63.4 62.9

Ten-year survival 41.1 40.4 58.1 57.1

aBoth observed and relative survival rates were calculated with the STATA procedure strs written by Paul Dickman, which is used by our

registry to compute survival rates.

Table IV. Analysis of a subset of 295 patients for re-abstracting

date of diagnosis, difference between documented and corrected

date of diagnosis.

Difference in monthsa N (%)

�2 1 (0.3%)

�1 4 (1.4%)

0 286 (96.9%)

1 2 (0.7%)

3 1 (0.3%)

4 1 (0.3%)

aThe difference was defined by subtracting the corrected date of

diagnosis from the uncorrected date of diagnosis. For a positive

difference, this means that the corrected date of diagnosis was

before the uncorrected date of diagnosis (thus underestimating

the published survival rate), and for a negative difference the

corrected data of diagnosis was after the uncorrected date of

diagnosis (thus overestimating the published survival time).
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facilitates registration procedures as compared to

registries covering larger regions.

In summary, some coding and/or other diagnostic

problems for ovarian cancer could have produced a

small bias in survival rates. With regard to bladder

cancer, there seem to be some differences in pathology

diagnosing procedures that are beyond the influence

of the Cancer Registry. Finally, the high prostate

cancer incidence rate clearly influences the survival

rate for men in total, bearing in mind that about

one-third of all male cancer cases are prostate cancer

and a large part of these are at a very early stage with

favorable prognosis.

Date of diagnosis shows minimal errors. The small

effects of over- and underestimating survival caused

by errors in the date of diagnosis mostly cancel out

each other. Therefore, a relevant bias of survival

rates caused by date of diagnosis is unlikely.

To check validity of patient survival status we

investigated all patients diagnosed in 1997: of 2 559

patients diagnosed in 1997, all 1 026 patients alive at

end of 2007 were actively followed up. These cases

were traced by phoning the respective municipal

office for every case. Only few cases (two) were

missed by the record linkage program, and two cases

that we proved to have died before end of 2007

could not be identified in the mortality files. It was

interesting to learn that five cases died on holiday

outside Austria, whereby there is no formal proce-

dure for registering such cases in Austrian mortality

files. About 1% of cases emigrated; this fits to data

provided by Statistics Austria showing that emigra-

tion in the year 1999 was below 3% for age up to 50

and below 1% for age 50 and above [25]. The

Austrian Ministry of the Interior keeps a migration

database, but because of its very strict data protec-

tion rules provides no access for cancer registries. As

a consequence of our study, we will enforce our

efforts to obtain access to information on emigrants

and to secure registration of persons who die outside

Austria.

The impact of these errors on survival rates was

relatively small in the subset we investigated: the

absolute error was less than 0.5 for up to five-year

survival rates and less than one for ten-year survival

rates. This fits well with results from, for example,

the Ontario Cancer Registry [26].

While this analysis involves some strengths, it also

presents limitations. Possibly the most severe limita-

tion is that we were not able to investigate all quality

indicators proposed in [4,5]. Because of our limited

resources, we concentrated on those indicators

related to possible bias in survival rates.

Although the impact of errors resulting from

emigration after cancer diagnosis was shown to be

small in the analysis subset, we expect this effect to

increase over the next years. About 10% of the

population of Tyrol is composed of immigrants,

mainly from Turkey and former Yugoslavia, and

our personnel and record linkage procedures have

problems with non-German-language names. In

addition, part of the Tyrolean population consists

of seasonal workers. We must make it a point to

correctly count persons with cancer diagnosis as

long-stay residents. However, most of these persons

are younger and thus far not so relevant for cancer

diagnosis.

There are several factors that we expect to

contribute to improving data validity in the future.

In recent years, Austria introduced an electronic

health card system. This system is already used by

medical practitioners and hospital outpatient depart-

ments and will be introduced to the inpatient

departments. We expect that in a few years this

system will be employed by all partners in the

healthcare system and should thus provide an

electronic identifier. As a consequence, errors from

record linkage procedures will be avoided in future.

Conclusion

The potential for selection and information biases in

survival rates in the Tyrolean cancer registry was

carefully investigated. Only minor problems were

identified. In total, the rate of error in the registra-

tion procedures influencing survival rates is very low

and is unlikely to have caused a relevant bias in

published survival rates. However, access to data on

emigration, which is by now impossible because of

data protection restrictions, would reduce the bias in

patient survival status if we remember that the extent

of cancer patient emigration in Austria is expected to

increase over the next years.

Declaration of interest: The authors report no

conflicts of interest. The authors alone are respon-
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Breast cancer incidence and mortality in Tyrol/
Austria after fifteen years of opportunistic
mammography screening
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Uwe Siebert2,3,8,9†

Abstract

Background: The aim of this study was to analyse breast cancer incidence and mortality in Tyrol from 1970 to
2006, namely after performing more than a decade of opportunistic mammography screening and just before
piloting an organised screening programme. Our investigation was conducted on a population level.

Methods: To study time trends in breast cancer incidence and mortality, we applied the age-period-cohort model
by Poisson regression to the official mortality data covering more than three decades from 1970 to 2006 and to
the incidence data ranging from 1988 to 2006. In addition, for incidence data we analysed data on breast cancer
staging and compared these with EU guidelines.

Results: For the analysis of time trend in breast cancer mortality in age groups 40-79, an age-period-cohort model
fits well and shows for years 2002-2006 a statistically significant reduction of 26% (95% CI 13%-36%) in breast
cancer mortality as compared to 1992-1996.
We see only slight non-significant increases in breast cancer incidence. For the past five years, incidence data show
a 10% proportion of in situ cases, and of 50% for cases in stages II+.

Conclusions: The opportunistic breast cancer screening programme in Tyrol has only in part exploited the
mortality reduction known for organised screening programmes. There seems to be potential for further
improvement, and we recommend that an organised screening programme and a detailed screening database be
introduced to collect all information needed to analyse the quality indicators suggested by the EU guidelines.

Background
Breast cancer (BC) is the leading cause of female cancer
death in all industrialised countries (and also worldwide)
and the breast is also the leading incident cancer site for
females [1]. Therefore, screening methods for BC are of
greatest public health importance. Efficiency and efficacy
of organised mammography screening programmes have
been proven in large randomised trials conducted in
Europe and North America. For several years already,
organised mammography screening programmes have
been recommended in the EU[2]. Austria is one of the
European countries where up to 2006 no organised

programmes were implemented, but where coverage in
spontaneous mammography screening could have been
rather high. In a micro-census conducted in Austria in
2006-2007, more than 80% of women aged 40-59
answered that they had had at least one mammography
(ever) and more than 40% had had one in the past year
[3]. However, it is known that self-reporting of screening
usage overestimates true coverage [4], and first prelimin-
ary data from the organised mammography screening
programme in Tyrol strongly confirm this interpreta-
tion. In 2006, the Austrian health minister declared
mammography to be one of the top health agendas, and
in July 2006 a decision was made to implement orga-
nised mammography screening programmes, in a first
step in pilot regions, of which Tyrol is the largest.* Correspondence: willi.oberaigner@iet.at
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In Tyrol, spontaneous mammography screening was
set up around 1993. In July 1998 the “Working Group
for Early Breast Cancer Detection for Tyrol” was estab-
lished. Since that year recommendations including
monthly breast self-examination, annual examination by
a physician and annual mammography, if necessary with
adjunctive breast sonogram, beginning at age 35-40,
were formulated. Assessment is offered centrally by
eight hospitals. Results of this strategy have been pub-
lished [5]. Generally, in Austria spontaneous mammo-
graphy screening is offered in the framework of general
health exams done by general practitioners and of
gynaecologic exams performed by gynaecologists in pri-
vate practice. Women are referred for screening mam-
mography mostly to radiologists in private practice.
Both services are free of charge for women as of age 40.
In 2007 and 2008, five pilot projects were launched in
several of Austria’s federal states in order to evaluate
how to implement organised mammography screening.
In Tyrol, a state screening programme was started in
June 2007. In a one-year pilot phase, the methods were
tested in two counties of Tyrol and in June 2008 the
programme was extended to the whole state of Tyrol.
The basic goal was to smoothly change the existing
opportunistic screening system. Main characteristics are
personal invitation, screening offered by radiologists and
hospitals (out-patient departments), assessment at two
hospitals, training of all partners and careful quality
control by collecting all data in a central screening data-
base and periodic inspection of data by a medical quality
assurance group. No double reading was implemented.
We feel there is a need to publish the baseline charac-

teristics of incidence and mortality in order to give a
transparent public view of the situation in Tyrol before
changing the mammography system. Although pro-
gramme characteristics have not been collected to date,
we can roughly judge the outcome achieved with the
former spontaneous system by analysing time trends in
incidence and mortality and by looking at stage shifts in
BC cases. To our knowledge, it is not only in our coun-
try that spontaneous mammography screening is offered
to women broadly, and there is ongoing discussion
about whether the mammography system should be
changed [6]. Therefore, it is of general interest to ana-
lyse the effects of spontaneous mammography screening
offered free of charge to all women in a population. The
analysis was only to be published now, because mortality
and incidence data for female BC in Tyrol were pub-
lished just a few months ago for the period to 2006 [7].
It was our aim to analyse BC incidence and mortality

before changing the mammography system in Tyrol and
to estimate the effects of the spontaneous programme
offered free of charge to women for about fifteen years
in order to have a public discussion of results before

making the decision on whether and how to change the
mammography system in Tyrol.

Methods
Mortality Data
Mortality data are collected by Statistics Austria for the
whole of Austria [8]. In Austria, death certificates are
issued by official, specially trained medical doctors,
pathologists and forensic medical experts. Specialists at
Statistics Austria, the federal institution for statistics in
Austria, follow international guidelines and select one
main diagnosis that led to death and assign it one ICD
code (ICD9 up to 2001, ICD10 since 2002). All proce-
dures concerning death certificates, data collection and
coding are applied in a uniform way throughout Austria
and are not state-specific. We analysed all female cases
coded for cause of death BC as described above.

Incidence Data
Incidence data have been collected by the Cancer Regis-
try of Tyrol since year of diagnosis 1988 on a popula-
tion-based perspective. Publication of incidence data in
Cancer Incidence in Five Continents gives some hints
for good completeness and validity of the database
[9,10]. Registration is performed from a standardised
questionnaire including sex, age, cancer site and histol-
ogy, date of diagnosis, stage and basic information on
primary treatment. Information on co-morbidity is not
collected routinely. There are strict rules for collecting
these variables in accordance with international
guidelines. Either the questionnaire is completed by a
physician or a Cancer Registry clerk collects data
directly from clinical records in the treating hospital.

Modelling of time trends
Time trends were analysed by fitting age-period-cohort
(APC) models [11,12]. APC models allow separate
effects to be estimated for age (A), period or year of
death (P) and cohort (C) by means of Poisson regres-
sion. In a more formal sense we fit a series of models

log( )   APC A P C  

where C=P-A, and r, denotes the mortality rate
The model is often written in antilogs as follows:

   APC A P C   

where aA’ denotes the antilog of aA or aA’ = exp(aA)
etc.
As suggested by Clayton and Schifflers, a series of

models is fit until adequate model fit is attained. We
start with A alone and proceed by including P and/or C
in the model if model fit is not sufficient without the
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extra term and inclusion of the term substantially
improves goodness of fit. Goodness of fit is measured by
deviance, which should be equal or close to the degrees
of freedom (DF) if model fit is reasonably good.
For statistical analysis the number of BC deaths was

aggregated in ten-year age groups and five-year period
groups. We started with age group 40-49 and continued
in ten-year age groups ending with age group 70-79,
because we expected mammography screening to also
affect this age group, bearing in mind that women aged
60-69 at the beginning of the screening programme
around 1993 are now in age group 70-79. We have
access to mortality data beginning in 1970. Our first
period group was 1972-1976 in order to finish with the
five year group 2002-2006. Our hypothesis was that the
mortality rate decreased following the introduction of
mammography screening around 1993. Thus, the refer-
ence category was the period 1992-1996. Consequently,
because C = P-A, cohort groups begin with a cohort
group centred at 1899.
To analyse the incidence time trend, we fitted an APC

model for age groups 40 to 69, namely the age groups
aimed at by the screening programme. The incidence
data set begins with 1988. Therefore, we defined period
groups 1988-1991 and then five-year period groups end-
ing with 2002-2006.
For incidence data, we also analysed the proportion of

in situ cases and the proportion of stages according to
UICC and compared these with accepted levels given by
EU guidelines [2].
Age-specific rates were calculated using official popu-

lation numbers as denominators. Population data are
also collected by Statistics Austria. Census data are
available for the years 1971, 1981, 1991 and 2001; for
intercensus years population figures are extrapolated
based on birth, death and migration information. The
female population of Tyrol in the census year 2001 was
345,757. The analysis was performed with Stata, Version
9; the APC model was set up using the procedure pois-
son for Poisson regression [13].
This study was conducted in conformity to the Hel-

sinki Declaration [14].

Results
For an impression of overall BC mortality and incidence,
Figure 1 shows the time trend in age-standardised mor-
tality and incidence rates (for all age groups); age stan-
dardisation was based on world population proposed by
SEGI and modified by Doll et al. [9]. The line of moving
averages suggests a decline in mortality since 1998 and
an increase in incidence until 2003, however on a purely
descriptive level.
For a formal analysis of time trend, we fitted an APC

model separately for mortality and incidence. For

mortality, the final model includes terms for period and
cohort because there are statistically significant cohort
effects, model fit is very good (8 degrees of freedom,
deviance 3.5). The resulting estimates for the APC
model are described in Table 1 and Figure 2. Age
effects, each compared to age group 40-49, are 2.15 for
age group 50-59, 3.67 for age group 60-69 and 5.75 for
age group 70-79. Period effects, each compared to 1992-
1996, are about 1.05 before 1992, but 0.83 (95% CI 0.57,
1.21) for 1997-2001 and 0.74 (95% CI 0.64, 0.87) for
2002-2006. In general, the effects we report can be
interpreted a change in mortality compared to the refer-
ence period, for example the effect of 0.83 for year
1997-2001 means a mortality reduction of 17% in 1997-
2001 as compared to 1992-96. We also observe a strong
cohort effect for cohorts born around 1920 and between
1930 and 1950 with relative risks at 1.4-1.8, each com-
pared to the cohort centred at 1899.
For incidence, the time period from 1988 to 2006 is

much shorter. We modelled the time trend for age
groups for which mammography screening was recom-
mended, namely 40 to 69. The AP model reaches suffi-
cient model fit with 8 degrees of freedom and a
deviance of 8.3. Since adding a cohort parameter does
not cause a significant improvement, we accepted the
AP model. Period effects, each compared to 1992-1996,
show a non-significant increase in BC incidence up to
1992, a slight but non-significant increase of 1.05 after
1996 and a steady situation during the last five years,
see Table 2.
In addition, we also analysed some of the quality indi-

cators proposed by EU guidelines [2]. The proportion of
in situ cancers out of the total in situ and invasive can-
cers shows a steady increase from 5% around 1990 to
13% around 2000 and a slight decrease to 10% in recent
years (see Figure 3). This time trend is consistent for all
three age decades investigated (data not shown) and
meets the 10% acceptable level given by EU guidelines.
Figure 3 shows staging groups according to UICC. We
see a clear stage shift towards early stages I and II up to
around 2000 and a slight decrease afterwards. The EU
acceptable proportion of stages II+ (30%) is clearly
missed; in the last years the proportion of stages II+ in
Tyrol was about 50%.
A more detailed analysis for the last five years shows a

proportion of very small cancer with a size of less than
1 cm (TNM staging T1a,b) of 24% (age group 40-49),
22% (age group 50-59) and 19% (age group 60-69), the
acceptable level according to EU guidelines being 25%.
However, this information is not available for the 1990s.
The proportion of node-negative cases also increased

to 58% (age group 40-49) and 53% (age group 50-69) at
about 2000, the acceptable proportion in EU guidelines
being 70%.
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Applying a COX model to analyse the effect of adju-
vant hormonal therapy resulted in a hazard ratio of 0.87
(95% CI 0.77, 0.99) adjusted for age and stage, this
means that patients receiving adjuvant hormonal ther-
apy have a 13% lower risk of death than patients with-
out this therapy.

Discussion
Our results indicate a significant decrease in BC mortality
over the past five years, a nonsignificant slight increase in
incidence and a stage shift towards early stages over the
past fifteen years with some proportions in the range of
the accepted levels given by EU guidelines.

Strengths and Limitations
This observational study was conducted in the popula-
tion of Tyrol. Mortality and incidence data were col-
lected on a population level. Mortality data were
provided by Statistics Austria. The quality of death certi-
ficates was very important for the conclusions drawn. In
general, mortality statistics in Austria have been of high
quality for decades [8]. Coding of cause of death is done
according to international guidelines by specialists who
attend international benchmarking exercises. As already
stated above, death certificates are written by specially
trained doctors.

Data on BC incidence on a population level are pro-
vided by the Cancer Registry of Tyrol, which is a mem-
ber of IACR and whose data are published in Cancer
Incidence in Five Continents, thus giving some evidence
for good quality of incidence data [9,10,15]. Figures on
completeness of incidence data show that for BC, in the
past decade the proportion of death certificate-notified
cases was 3.2% and the proportion of death certificate
only cases 1.4% [7]. Both proportions allow the conclu-
sion that completeness is good as compared to interna-
tional data.
In addition, the proportion of cases with unknown or

unspecified stage is less than 5% in age groups 40 to 69.
When we analyse incidence data on a population level,
we always encounter some cases that lack detailed infor-
mation for various reasons. Since year of diagnosis 2004,
the cancer registry includes a variable for mode of
detection. However, the information is very incomplete,
because in many cases we cannot obtain sufficient infor-
mation from the hospital discharge records.
The model we fitted for analysis of the time trend

shows very good model fit. This means we can trust the
time trend parameters and can therefore draw reliable
conclusions from the model. Moreover, the staging
information used to describe stage shift should be
reliable.
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The main limitation is the lack of a screening data-
base. Consequently, we do not have detailed information
on screening performance parameters. Another weak-
ness is that we have only some limited information on
coverage from a micro-census performed in 2006/2007
and from a publication by Frede [5]. Both sources indi-
cate a coverage of 70%. In Catalonia, Spain, Baré et al
[16] reported also a coverage of 70% prior to introdu-
cing a screening programme and the authors investi-
gated reasons for non-participation which can be very
helpful in improving coverage. On the other side, it is
known that self-reporting overestimates true coverage,
[4] and a more realistic estimation could be a coverage
of about 50%. This would fit to first preliminary data
from the organised programme in Tyrol (data not
shown). The lack of information on coverage and, of
course, also on many other screening details was one of
the reasons for changing the screening system, because
we are convinced that a detailed knowledge of screening
parameters is essential to draw valid conclusions in

future. For staging distribution, the only source of infor-
mation is the Cancer Registry dataset, whose focus was
not to obtain information on screening indices but to
concentrate on cancer cases.

Time trend for mortality and incidence data, model fit
We applied an APC model that takes age, period and
cohort effects into account and models time trends that
differ from a linear trend. Such models are widely used
in epidemiology, see for example [17,18]. Each of the
models we applied for both mortality and incidence fits
well on its own, and all parameters allowing judgment
of model fit are reasonably good. Also, the graphs show-
ing observed and predicted rates give additional evi-
dence that the model describes the data very well and
hence that we can rely on estimated parameters (graphs
not shown). In summary, the time trends given by the
models should adequately describe the situation we
observe.
Concerning the decrease in BC incidence in recent

years, Ravdin et al. [19] hypothesized for the USA that
the reduction in hormone replacement therapy (HRT) is
the main cause of the rapid decrease in BC incidence
seen in the USA from 2003 to 2004. Also in Tyrol, we
observe a decrease in BC incidence only in age groups
50+, although the decrease is not as sharp as in the
USA. According to local experts, it is likely that also in
Tyrol, part of the decrease in breast cancer incidence in
the age group 50+ between 2004 and 2006 is due to a
reduction in HRT.
The main question remains whether the significant

26% reduction in BC mortality over the past five years
as compared to 1992-1996 is associated with opportu-
nistic mammography screening. Both randomised trials
and data from population-based organised mammogra-
phy screening programmes provide clear evidence that
organised mammography screening can reduce BC mor-
tality. This was also communicated at an IARC interna-
tional expert conference [20]. The extent of mortality
reduction differs in detail, but in general is estimated to
be between 20% and 25% [21-32]. However, for popula-
tion-based organised programmes it is necessary to dis-
tinguish between various factors influencing BC
mortality [33]. Some authors[33] estimate that a great
part of BC mortality reduction (approximately 2/3 of
reduction in England and Wales) is related to improve-
ments in therapy, mainly the introduction of tamoxifen.
For the USA, Berry et al. [34] found a range of 28% to
65% (median 46%) for the proportion of BC mortality
reduction attributed to screening by modelling this pro-
portion by seven independent investigators. For Tyrol,
this would imply a mortality reduction of 7% to 17%
attributable to screening. In addition, when comparing
BC mortality trends between countries, stage

Table 1 Model estimators for age, period and cohort
given by the APC model, drift in period, for breast
cancer mortality in Tyrol 1972-2006

Estimator 95% CI

Age

40-49 1 Reference

50-59 2.15 1.85 2.50

60-69 3.67 3.05 4.42

70-79 5.75 4.58 7.22

Period

1972-1976 1.12 0.92 1.37

1977-1981 1.07 0.79 1.44

1982-1986 1.07 0.91 1.26

1987-1991 1.05 0.74 1.48

1992-1996 1 Reference

1997-2001 0.83 0.57 1.21

2002-2006 0.74 0.64 0.87

Cohort (centred at)

1899 1 reference

1904 Collinearity

1909 1.06 0.84 1.35

1914 1.20 0.92 1.56

1919 1.41 1.11 1.77

1924 1.32 0.98 1.77

1929 1.27 0.99 1.62

1934 1.60 1.13 2.28

1939 1.61 1.21 2.15

1944 1.80 1.18 2.74

1949 1.48 1.04 2.09

1954 1.55 0.90 2.66

1959 Drift

* Because there is drift in period, there is no estimator for the last cohort
centered at 1959
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distribution and differences in therapy also have to be
discussed as factors influencing BC mortality at the
population level.
Adjuvant therapy with tamoxifen was routinely intro-

duced in Tyrol around 1985. We do not collect detailed
information on BC therapy in the Cancer Registry, but
we have an overall variable for adjuvant hormonal ther-
apy. When we analysed the effect of adjuvant hormonal
therapy in a COX model adjusted for age and stage, an
overall effect of 13% was seen. With regard to time
trend in survival rates, over the past fifteen years we
observed an increase in relative five-year survival rates
split by staging groups according to UICC (5% increase

in stage I, 13% in stage II, and 5% in stage IV). Both
observations are consistent with an estimated therapy
effect on survival of between 10% and 15%, which is in
line with the UK estimate [21]. Furthermore, as com-
pared with EU guidelines, we miss some of the accepted
levels (coverage, proportion of small cancers, proportion
of II+ cancers, proportion of node-negative cancers). In
conclusion, we estimate that less than half of the mor-
tality reduction should be due to screening. This would
mean that the screening effect is less than 13% and that,
consequently, the opportunistic screening programme
does not realise the potential of organised programmes,
namely a mortality reduction of 20% - 25%.
However, when we compare BC data for Tyrol with

quality indicators for mammography screening, we must
remember that the BC data we analysed included all BC
cases diagnosed in the population of Tyrol, not only
those detected by opportunistic mammography screen-
ing. For example, Paci et al. [35] show a proportion of
53% for II+ breast cancer in the total population as
opposed to 29% in the screen-detected subgroup.
Vutuc et al. recently analysed BC mortality in Austria

[6]. The authors argue that BC screening is a plausible
explanation for BC mortality reduction and doubt that a
change in screening policy (meaning changing from
opportunistic screening to an organised programme)
would significantly improve the situation in Austria. We
agree that BC screening is indeed one possible explana-
tion for BC mortality reduction. However, if we take
into consideration the fact that we have no detailed
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Table 2 Model estimators for age and period given by
the AP model, for breast cancer incidence in Tyrol 1988-
2006

Estimator 95% CI

Age

40-49 1 Reference

50-59 1.65 1.53 1.79

60-69 2.08 1.93 2.25

Period

1988-1991 0.92 0.83 1.01

1992-1996 1 Reference

1997-2001 1.05 0.96 1.14

2002-2006 1.05 0.96 1.14

Remark: There is no significant cohort effect. Therefore, the model was set up
without cohort terms.
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information on diagnostic performance or coverage for
opportunistic BC screening in Austria, we feel it is abso-
lutely necessary that detailed information on mammo-
graphy screening be collected, at least for several years.
We need to know all the well-established quality indices
for BC screening[2] before we can draw a final conclu-
sion on how to proceed with mammography screening
in Austria.
Interestingly, the greatest reduction in BC mortality

was observed in the age group 40 to 49. This differs
somewhat from international data, where doubts still
prevail on the efficacy of mammography screening in
the age groups below 50, see for example [36,37]. Surro-
gate performance indicators like stage shift, cancer size
less than 1 cm and proportion of node-negative cancer
also showed a clear tendency towards better perfor-
mance in the age group 40 to 49 as compared to the
age groups 50 to 59 and 60 to 69. In addition, during
the past decade, these indicators improved more quickly
in the age group 40 to 49 (details not shown). One pos-
sible explanation is the wide-spread use of sonography
as an adjunct to mammography in Tyrol. It has been
shown by various authors that the additional use of
sonography can improve cancer detection rates, espe-
cially in younger women and women with dense breasts.
The relative percentage of carcinomas found in supple-
mental breast ultrasound examinations as a fraction of
the total number of detected cancers was reported by
four studies, with a mean percentage of 22.5% (15%-
34%) [38].

In opportunistic screening in Tyrol, sonography was
offered to women with dense breasts (ACR density
grades 3 and 4) and with inconclusive findings on mam-
mography [39]. In addition, women in the younger age
groups are likely to go more frequently to their general
practitioner or gynaecologist, which results in higher
coverage by opportunistic screening [3].
The discussion in the USA after publishing the revised

recommendation by U.S. Preventive Services Task Force
[40,41] shows that it is very challenging and hard to
understand by women to remove a service that was
recommended for several years. Without well founded
data, we feel it is not justified to stop screening in age
class 40-49. We are collecting detailed data and will
evaluate the balance between goods and harms during
the next years.
Some of the EU recommendations like double reading

and making an appointment for mammography when
inviting women will not be part of the organised pro-
gramme in Tyrol. Thus, further investigation will be
needed to prove whether mammography screening has
an effect on BC mortality, even in the absence of these
EU recommendations.

Conclusions
Up to now, in terms of BC mortality reduction our ana-
lysis shows that it is likely that the full potential of
mammography screening has not yet been realised. In
addition, available cancer registry data are not sufficient
to assess the efficiency or efficacy of the current
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opportunistic screening programme. Therefore, to ana-
lyse surrogate indices like decrease in advanced stages
and increase in early stages, interval cancer rates, and to
investigate the cost efficiency of the established pro-
gramme, it is absolutely necessary that a well-organised
screening database be built up that contains all informa-
tion needed to analyse the quality indicators suggested
by the EU guidelines. In conclusion, we strongly advise
that an organised mammography screening programme
be introduced in Tyrol, namely one that will also allow
a detailed analysis of the effects of mammography
screening.

List of Abbreviations
CI: confidence interval; AP: age-period model; APC: age-
period-cohort model; BC: breast cancer; HRT: hormone
replacement therapy.
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Background: Gender aspects in medicine are receiving increasing attention, namely also in oncology. For
this reason, we decided to investigate whether for solid cancer sites women have better survival
outcome than do men in the population of Tyrol, Austria. Methods: We conducted an observational
population-based study in Tyrol. All solid cancer sites excluding non-melanoma skin cancer and
sex-specific sites were analysed in total and all specific sites with more than 500 patients in the
analysis. By the end of 2006, follow-up was ended. We applied a relative excess risk model, thus
correcting for differences in life expectancy between women and men. Results: For all cancer sites
combined, after adjusting for case mix, women had a relative excess risk of 0.95 (95% CI 0.91–0.99).
For the following sites our analysis resulted in a relative excess risk statistically different from 1, namely
for women as compared to men: head and neck without larynx 0.72 (95% CI 0.56–0.93), stomach
0.86 (95% CI 0.75–0.97) and lung 0.82 (95% CI 0.75–0.90). Conclusion: In a healthcare system with
free access to diagnostics and therapy, after adjusting for staging distribution female cancer patients
have a lesser excess mortality risk than do men for lung, stomach and head and neck cancer and also for
all cancer sites combined after adjusting for case mix.

Keywords: cancer, gender, population based, prognosis, survival
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Introduction

Gender aspects in healthcare systems are receiving increasing
attention, but are still not adequately recognized either in

terms of public health or of diagnosis and treatment. Already
in the 1990s evidence for poorer survival in women was
demonstrated for cardiovascular diseases.1 On the other
hand, some evidence shows better survival of female
oncology patients: for some cancer sites like lung cancer
better survival in women is well established, while for other
cancer sites the picture is still unclear. Also, for all cancer sites
combined, investigations have shown better survival for
women than for men. However, the relative risk depends on
age and diminishes or even reverses for older age groups.2,3

Some authors conclude that a detailed investigation of gender
aspects could lead to improvement in treatment.4,5

Of course, in order to establish gender as a prognostic
factor, we must take into consideration that cancer is a multi-
factorial system. For some sites like stomach or colorectum,
women are older at the time of diagnosis than are men.
Furthermore, we know that in nearly all countries women
have a longer life expectancy than do men.6,7

Properly dealing with all these factors poses methodological
challenges. We know that the method of relative survival

properly accounts for differences in age structure and in life
expectancy.8–10 However, these models are not so well
recognized, and many publications base their analysis on
Cox models.

Our main goal was to analyse survival differences between
women and men for the main solid cancer sites by applying a
model that adjusts for the main factors registered in a cancer
registry. The analysis was performed using the incidence data
set for Tyrol for years of diagnosis from 1988 (when our cancer
registry was started) to 2003.

Methods

Incidence data for the population of Tyrol are collected by the
Cancer Registry of Tyrol. The cancer registry was established in
1986, and data have been registered on a population basis since
1988. Also since 1988, our registry data have been published
data in Cancer Incidence in Five Continents,11–13 thus giving
evidence of good completeness of the incidence data.

Assessment of patient life status is passive. We do a prob-
abilistic record linkage between incidence data and the
official mortality data set for Tyrol collected by Statistics
Austria.14,15
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We analysed all patients with solid cancer cases in the incidence
data set for Tyrol with year of diagnosis from 1988 to 2003,
N = 43 987. DCO cases (N = 1945), cases found at
autopsy (N = 494) and non-melanoma skin cancer (NMSC)
cases (N = 2969) were excluded. In addition, for eight cases
we could not identify patient status; these cases were also
excluded from the analysis. Analysis was restricted to
adult patients (defined as age �20 years). For patients with
multiple cancer sites, only the chronologically first cancer
was included in the analysis. Finally, we excluded sex-
specific cancer sites. We ended up with an analysis data set
of 21 102 cases. Closure of this study was end of 2006.

We analysed all sites for which we had at least 500 cases. The
number of 500 derives from applying rules of thumb proposed
by Harrell et al.16 For an overview of all solid cancer sites, we
aggregated all solid cancer sites without gender-specific sites
(this means we excluded the female cancer sites ovary, cervix,
corpus and other gynaecological sites and the male sites
prostate, testis and other male genital system). In addition,
because breast cancer is predominantly a female cancer and
we observe in our population only up to three cases per year
in males, we also excluded male breast cancer from the analysis.
Gender-specific cancer sites contribute, of course, to overall
cancer incidence and cancer survival. But in order to analyse
whether women share better survival than men, it is in our
opinion best to restrict the analysis to cancer sites occurring
in both sexes in order to have comparable settings. In the
analysis for all cancer sites combined in one group, we also
adjusted for case mix.

Gender difference in survival was modelled using a relative
excess risk model (RER).17 In a first step, relative survival rates
are computed using a stata procedure strs provided by Paul
Dickman.18 These relative survival rates are then modelled
using a generalized linear model. In more formal terms: the
hazard-function �(t,x) for a patient with characteristics x at
time t is estimated as the sum of a baseline hazard �*(t,x) and a
so-called excess hazard �(t,x). It is assumed that the excess
hazard is a product of covariates x1 to xn, here written as
exp(x�)=ex�. This means:

� t ,xð Þ ¼ �� t ,xð Þ þ ex� ¼ �� t ,xð Þ þ e�0þ�1x1þ:::þ�nxn : ð1Þ

We applied the Hakulinen–Tenkanen model using the stata
code proposed by Paul Dickman.18 For all models, we
included follow-up time in the model, and the analysis was
restricted to the first 5 years of follow-up because it is usually
inappropriate to assume proportional hazard assumption on
longer follow-up periods. All relative excess risks given by the
respective RER model are for women compared to men as the
reference group. For short, we use the notation RER for
women. Models were built separately for every cancer site.
We started with a kind of full model with terms for gender,
year of follow-up, four age categories, two period categories,
stage and histological verification. Cases with stage unknown
remained in the analysis, whereby unknown stage was
explicitly categorized. We then dropped terms if they were
not statistically significant; significance was tested using the
likelihood ratio test. Afterwards, if model fit was not good,
we added interaction terms if the respective term had a statis-
tically significant effect. Model fit was assessed by deviance and
Pearson residuals, divided by degrees of freedom. Confidence
intervals (CIs) for estimators were computed based on
standard errors given by observed information matrix, the
standard Stata option.

Data on life expectancy were provided in routine statistics
published by Statistics Austria and the Department of Statistics
in Tyrol.

All computations were performed with Stata Version 9.19

Results

In the following paragraphs, we describe in brief some basics of
patient characteristics for every cancer site investigated. Details
of patient characteristics are given in table 1 and univariate and
multivariate relative risks with information on model fit in
table 2.

We analysed a total of 941 head and neck cancer cases
(without larynx), one-quarter of which were in women; see
table 1. Mean age was 60 years and there were only small dif-
ferences in age structure. There are distinct differences in
staging distribution: the proportion of early Stage I was 18%
for women and 13% for men and the proportion of Stage IV
was 20% for women and 38% for men. RER for women was
0.57 in univariate analysis and 0.72 (95% CI 0.56–0.93) in
multivariate analysis, see table 2.

We analysed a total of 2418 stomach cancer cases, 47% of
which were in women; see table 1. Female cases were older in
the mean (72 vs. 69). We found no differences in staging dis-
tribution. RER for women was 0.97 in univariate analysis and
0.86 (95% CI 0.75–0.97) in multivariate analysis, see table 2.

We analysed a total of 4519 colorectal cancer cases, half of
which were in women (51%); details are shown in table 1.
Female cases were older in the mean (71 vs. 67). RER for
women was 1.16 in univariate analysis and 1.06 (95% CI
0.95–1.18) in multivariate analysis; see table 2.

We analysed a total of 951 pancreatic cancer cases, slightly
more than half of which were in women (54%); details are
shown in table 1. Female cases were older in the mean
(73 vs. 67). About one-third of cases had no staging informa-
tion; Stage IV accounted for 44% of men and 37% of
women. RER for women was 1.06 in univariate analysis and
0.96 (95% CI 0.78–1.19) in multivariate analysis; see table 2.

We analysed a total of 3742 lung cancer cases, about
one-quarter of which were in women (26%); details are
shown in table 1. There were only minor differences in age
structure. We observed only small differences in staging distri-
bution, however for one-quarter of the cases stage was
unknown. RER for women was 0.87 in univariate analysis
and 0.82 (95% CI 0.75–0.90) in multivariate analysis; see
table 2.

We analysed a total of 1670 bladder cancer cases, about
one-quarter (28%) being in women; details are shown
in table 1. There were some differences in age distribution;
mean age was 71 years for women and 69 years for men.
We observed distinct differences in staging distribution:
the proportion of early Stage I was 49% for women
and 61% for men, the proportion of Stages III and IV was
15% for women and 11% for men, and the proportion of
cases whose stage was unknown was 19% for women and
13% for men. RER for women was 1.57 in univariate
analysis and 1.13 (95% CI 0.88–1.46) in multivariate
analysis; see table 2.

We analysed a total of 1264 kidney cancer cases, 42% of
which were in women; see table 1. There were differences in
age distribution: mean age was 68 years for women and
63 years for men. We observed no differences in staging dis-
tribution. RER for women was 1.18 in univariate analysis and
1.19 (95% CI 0.93–1.53) in multivariate analysis; see table 2.

We analysed a total of 1607 melanomas, with a slight
predominance in women (54%); details are shown in table 1.
There were no differences in age distribution and no differ-
ences in staging distribution: �90% of cases were Stages I
and II, 5–8% Stages III and IV and 4% had no staging
information. RER for women was 0.92 in univariate analysis
and 0.85 (95% CI 0.55–1.31) in multivariate analysis, see
table 2.

We analysed a total of 752 thyroid cancer cases,
three-quarters of which were in women; see table 1.
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There were some differences in age structure: mean age was
53 years for women and 55 years for men. We observed dif-
ferences in staging distribution: the proportion of Stages I and
II was 69% in women and 59% in men and of Stages III and IV
22% in women and 28% in men. RER for women was 0.70 in
univariate analysis and 0.74 (95% CI 0.42–1.30) in multivariate
analysis; see table 2.

For all solid cancer sites combined, we analysed 21 102 cases,
42% of which were in women; details are shown in table 1.
Women were slightly older, mean age being 67 years for
women and 65 years for men. There were only slight differences
in staging distribution for all sites combined. RER for women
was 0.91 in the univariate analysis, 0.88 (95% CI 0.84–0.91) in
the multivariate analysis without adjusting for case mix and
0.95 (95% CI 0.91–0.99) after adjusting for case mix. If the
analysis was broken down by age group, univariate RER
for women was 0.67, 0.81, 0.93 and 1.07, multivariate RER
for women without adjusting for case mix was 0.81 (95% CI
0.76–0.89), 0.78 (95% CI 0.71–0.84), 0.91 (95% CI 0.84–0.99)
and 1.07 (95% CI 0.96–1.19) and multivariate RER for women
after adjusting for case mix 0.95 (95% CI 0.87–1.04), 0.84
(95% CI 0.77–0.92), 0.95 (95% CI 0.88–1.03) and 1.10
(95% CI 0.98–1.22) for age groups 20–59, 60–69, 70–79 and
�80, respectively. For details see table 3 and figure 1.

Discussion

Our main objective was to investigate whether survival differs
between women and men in the population of Tyrol. Using the
incidence data set for Tyrol, we applied a RER model that
adjusts for main factors. The analysis was conducted for the
main solid cancer sites and for the combination of all solid
cancer sites in total and was split according to age class.

Most of our site-specific results are in line with published
results, see for example.2–5,20–22 We observed poorer survival
for women only for colorectal cancer, bladder cancer and
kidney cancer, with none of these results being statistically
significant. For colorectal cancer, our finding of a non-
significant RER (1.06) does not stand in contradiction to
published studies, see for example.4,5 A publication bias
might have prevented non-significant results from being
published, whereas we analysed and report results on all
solid cancer sites with an adequate number of cases.

For bladder cancer, we obtained a multivariate RER of
1.13 for women without statistical significance. Recent
analysis by Mungan et al.20 showed poorer survival for
women in the SEER (significant) and also in the Netherlands
(non-significant) data set. However, the results differed for
Stage I (better survival for women) and Stages II and IV
(poorer survival for women). Micheli et al.2,3 also found
poorer survival for women. Therefore, for bladder cancer,
there seems to be some tendency towards poorer survival in
women. However, there are well-recognized differences in the
classification and registration of tumours that are recorded as
malignant by some cancer registries and as non-malignant
(benign) by others.23

For aggregation of all cancer sites combined, we separately
fitted a model instead of aggregating site-specific results. This
procedure thus indirectly adjusted for differences in site mix
between women and men.

For all cancer sites combined, the lesser excess mortality for
females is 0.88 without adjusting for case mix and 0.95 after
adjusting for case mix. This result is identical to a recent
analysis by Micheli et al.3 on the large EUROCARE-4 data
set. However, Micheli et al. observed a rather homogeneous
gradient from a larger difference for younger age groups to a
minor difference for older age groups. Our results do not show
this homogeneous gradient and we observe a tendency towards
worse survival for females in age group �80 years. Part of these
differences can be explained by the distribution of sites by age
groups in our data: whereas for younger females, the
proportion of sites with better survival for females compared
to males is larger then 55%, this proportion reduces to about
one-third for women aged �80 years and in contrast the
proportion of, for example, colorectal cancer with an insignifi-
cant RER of 1.06 increases from 17% to 32% (data not shown).

Table 2 RER estimators for solid cancer sites (univariate and multivariate relative risk and information on model fit)

Site Univariate RERa with 95% CI Multivariate RERa with 95% CI Variables in modelb Model FITc

Head and neck 0.57 (0.44–0.75) 0.72 (0.56–0.93) Age, Stage 1.04/0.98

Stomach 0.97 (0.87–1.08) 0.86 (0.75–0.97) Age, Stage, Period, Fup*Stage 1.12/1.01

Colorectum 1.16 (1.04–1.29) 1.06 (0.95–1.18) Age, Stage, Period, HV, Fup*Stage 1.12/1.00

Pancreas 1.06 (0.92–1.23) 0.96 (0.78–1.19) Age, Stage, Period, HV, Fup*Stage 1.23/1.15

Lung 0.87 (0.80–0.95) 0.82 (0.75–0.90) Age, Stage, Period, HV, Fup*Stage 1.21/1.07

Bladder 1.57 (1.23–2.00) 1.13 (0.88–1.46) Age, Stage, Period, HV, Fup*Stage 0.98/1.00

Kidney 1.18 (0.92–1.50) 1.19 (0.93–1.53) Age, Stage. HV, Fup*Stage 1.20/1.13

Melanoma 0.92 (0.57–1.49) 0.85 (0.55–1.31) Age, Stage, Fup*Stage 0.99/0.90

Thyroid 0.70 (0.40–1.23) 0.74 (0.42–1.30) Age 1.06/0.81

a: For women compared to men
b: Year of follow-up (Fup) is always in model, also in univariate model; Fup*Stage, interaction term for follow-up and stage; HV,
histological verification; Period, year of diagnosis
c: Deviance divided by degrees of freedom and Pearson divided by degrees of freedom

Table 1 Patient characteristics

Site N Percent Mean

age

Head and neck (without larynx)

[C00–C14, C30–C31]

941 Women 26 60

Men 74 59

Stomach [C16] 2418 Women 47 72

Men 53 69

Colorectum [C18–C21] 4519 Women 51 71

Men 49 67

Pancreas [C25] 951 Women 54 73

Men 46 67

Lung [C33–C34] 3742 Women 26 66

Men 74 65

Bladder [C67] 1670 Women 28 71

Men 72 69

Kidney [C64–C66, C68] 1264 Women 42 68

Men 58 63

Melanoma [C43] 1607 Women 54 54

Men 46 54

Thyroid [C73] 752 Women 74 53

Men 26 55

All solid sites (except NMSC)

[C00–C80, except

C44 and C50–C63]

21 102 Women 42 67

Men 58 65
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Factors that explain the observed differences between
women and men under discussion are differences in tumour
cell biology, which could be influenced by reproductive
hormones,21 differences in anatomical situation, for example,
for bladder cancer20 and melanoma,22 and possibly most im-
portantly differences in risk factors, especially comorbidity
combined with smoking-related cancers. It is well known
that about 3 of 10 cancer cases can be attributed to smoking
and that smoking increases general mortality.24 Relative
survival adjusts for differences in background mortality,
however, does not adjust for differences in mortality between
smokers and non-smokers. Cancer registries usually contain
no information on smoking habits of patients. Therefore, it
would be very interesting to estimate the effect that differences
in smoking prevalence between women and men have on the
survival difference we observed.

Strengths and limitations

The following paragraphs will deal with the strengths and limi-
tations of our study. One of the strengths of our study is that it
employs a population-based data set, thus analysing all cancer

patients in the whole population, because we know that trial
patients are often a prognostically favourable subset of all
patients.25 The incidence data set for Tyrol has been
published in Cancer Incidence in Five Continents since 1988,
which is an indirect measure of good completeness.

The next question is whether the model we applied is
well-suited to answer our question. First, in survival analysis
for oncological patients, it is state of the art to adjust for
baseline mortality by applying relative survival. Therefore,
relative survival is applied, for example, to compare survival
figures in various countries.8,9 It is also well known that
women and men have distinct life expectancy and mortality
rates. Therefore, in order for a comparison of survival between
women and men to be valid it is essential to adjust for differ-
ences in life expectancy. The model we applied is based on
relative survival rates and, as such, should adequately adjust
for that difference.

Summarizing, the main strengths are that the model we
applied seems to be appropriate and the survival data are valid.

We are, of course, faced with some limitations. Cancer
registries usually have only limited data for controlling infor-
mation biases. If we compare survival for women and men, it is
necessary to adjust for factors influencing survival. We noted
in the ‘Results section’ that for some cancer sites like stomach,
colorectum, pancreas and kidney, women are older than men
at time of diagnosis. Also, some sites show clear differences in
staging distribution. Our model adjusts for these few factors.
However, residual confounding could be a limiting factor.
Whether gender has a direct effect on survival, whether the
effect is confounded in a classical way by, for example,
tumour stage or whether the effect is influenced by some
unknown factor interacting with tumour stage and with
survival needs to be discussed; see for example Cole and
Hernan.26

It is also possible that a change occurred over time in factors
influencing survival differences. Access to the medical system
in Austria was already free of charge in the 1980s and 1990s.
However, the social situation of women has changed greatly in
the last three decades with a transition occurring from a very
traditional female role to women holding a position in modern
society. We cannot rule out the possibility that these changes
influenced survival figures.

Head&Neck-Larynx (N=941)
Stomach (N=2418)

Colorectum (N=4519)
Pancreas (N=951)

Lung (N=3742)
Bladder (N=1670)
Kidney (N=1264)

Melanoma (N=1607)
Thyroid (N=752)

All sites (N=21,102)

Age 20-59 (N=6547)

Age 60-69 (N=5395)

Age 70-79 (N=5680)

Age 80+ (N=3480)

.5 .8 1 1.2 1.4 2

RER
Univariate
Multivariate without case mix adjustment
Multivariate with case mix adjustment

Figure 1 Gender effects for solid cancer sites and all sites combined by age class: gender RER with 95% CIs. RER estimates are
shown for women compared to men as the reference group

Table 3 RER estimators for all solid cancer sites except NMSC
combined (univariate and multivariate relative risk)

Age

(years)

N (% female) Univariate

RERa

Multivariateb

RERa without

adjusting for

case mix with

95% CI

Multivariateb

RERa after

adjusting for

case mix with

95% CI

All 21 102 (42%) 0.91 0.88 (0.84–0.91) 0.95 (0.91–0.99)

20–59 6547 (39%) 0.67 0.81 (0.76–0.89) 0.95 (0.87–1.04)

60–69 5395 (34%) 0.81 0.78 (0.71–0.84) 0.84 (0.77–0.92)

70–79 5680 (45%) 0.93 0.91 (0.84–0.99) 0.95 (0.88–1.03)

�80 3480 (57%) 1.07 1.07 (0.96–1.19) 1.10 (0.98–1.22)

a: For women compared to men
b: Adjusted for age, stage, year of diagnosis, histological
verification and interaction terms for follow-up and stage
and follow-up and age; year of follow-up (Fup) is always in
model, also in univariate model
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Key points

� In a healthcare system with free access to diagnostics
and therapy, female cancer patients have a lesser excess
mortality risk than do men for lung, stomach and head
and neck cancer sites after adjusting for staging distri-
bution and for all sites combined after also adjusting
for case mix.
� Every cancer registry’s report should routinely break

down all results for gender.
� When analysing gender differences in survival, differ-

ences in life expectancy must be considered.
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Introduction of organised mammography
screening in tyrol: results of a one-year pilot phase
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Abstract

Background: Efficiency and efficacy of organised mammography screening programs have been proven in large
randomised trials. But every local implementation of mammography screening has to check whether the well
established quality standards are met. Therefore it was the aim of this study to analyse the most common quality
indices after introducing organised mammography screening in Tyrol, Austria, in a smooth transition from the
existing system of opportunistic screening.

Methods: In June 2007, the system of opportunistic mammography screening in Tyrol was changed to an
organised system by introducing a personal invitation system, a training program, a quality assurance program and
by setting up a screening database. All procedures are noted in a written protocol. Most EU recommendations for
organised mammography screening were followed, except double reading. All women living in Tyrol and covered
by social insurance are now invited for a mammography, in age group 40-59 annually and in age group 60-69
biannually. Screening mammography is offered mainly by radiologists in private practice. We report on the results
of the first year of piloting organised mammography screening in two counties in Tyrol.

Results: 56,432 women were invited. Estimated participation rate was 34.5% at one year of follow-up (and
55.5% at the second year of follow-up); 3.4% of screened women were recalled for further assessment or
intermediate screening within six months. Per 1000 mammograms nine biopsies were performed and four
breast cancer cases detected (N = 68). Of invasive breast cancer cases 34.4% were ≤ 10 mm in size and 65.6%
were node-negative. In total, six interval cancer cases were detected during one year of follow-up; this is 19% of
the background incidence rate.

Conclusions: In the Tyrolean breast cancer screening program, a smooth transition from a spontaneous to an
organised mammography screening system was achieved in a short time and with minimal additional resources.
One year after introduction of the screening program, most of the quality indicators recommended by the
European guidelines had been reached.
However, it will be necessary to introduce double reading, to change the rule for BI-RADS 3, and to concentrate
on actions toward improving the participation rate.

Background
Breast cancer is the leading cause of female cancer
death in all industrialised countries (and also world-
wide), and the breast is also the leading incident cancer
site for females [1]. Therefore, screening methods for
breast cancer are of greatest public health importance.

Efficiency and efficacy of organised mammography
screening programs have been proven in large rando-
mised trials conducted in Europe and North America
[1-9]. For several years already, organised mammogra-
phy screening programs have been recommended in the
EU [2]. Austria is one of the European countries where
up to 2006 no organised programs were implemented,
but where coverage by spontaneous mammography
screening has been reported to be rather high: in a
health survey conducted in Austria in 2006-2007 more
than 80% of women aged 40+ answered that they had
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had at least one mammography (ever) and more than
40% had had one in the past year [10]. However, it is
known that self-reporting of screening usage overesti-
mates true coverage [11], and our results are in line
with this observation comparing the 40% coverage
reported in the above-mentioned health survey to 34.5%
in our study. In 2006, the Austrian health minister
declared mammography to be one of the top health
agendas, and in July 2006 a decision was made to imple-
ment organised mammography screening programs,
namely in a first step in pilot regions, of which Tyrol is
the largest.
Two questions now arise. The first question is

whether it is really necessary to change the existing
spontaneous mammography system, and severe doubts
have been raised [12]. Up to now, our knowledge about
the performance of the existing spontaneous program is
minimal. We have only very limited information from
routine reports from the Cancer Registry of Tyrol giving
data on stage distribution of breast cancer cases on the
population level and on the time trend of breast cancer
incidence and mortality [13]. But it is well agreed that
this information is by far not sufficient to assess the
quality of a mammography program. To date most qual-
ity indices recommended by the EU guidelines cannot
be calculated because we do not have the necessary
information. It is our opinion that it is not justified to
offer a mammography screening system to healthy
women without having at least profound information on
commonly agreed quality measures.
After that, the second question is how to change the

existing screening system in the most efficient manner. It
is well accepted that there is no uniform solution for
implementing an organised screening system in a coun-
try, but, instead, when setting up the mammography sys-
tem the health system conditions in the respective
country must be given consideration. The outstanding
challenge in introducing a mammography screening pro-
gram in a country where a spontaneous screening system
was conducted for some time is whether to make a
smooth transition to an organised system or to comple-
tely redesign the existing screening system as was done,
for example, in Germany [14]. In Tyrol, a clear decision
was made to set up the new program while making best
possible use of the existing experience and mammogra-
phy screening network, which was established over the
last fifteen years. Based on the latter strategy, it was pos-
sible to establish a country-wide mammography screen-
ing program in very short time. The price to be paid was
the risk of potential quality problems, because some EU
guidelines concerning the structure of the screening sys-
tem were not fully adhered to.
To our knowledge, also in Europe a number of countries

still have no organised mammography programs [15],

and therefore the experience in Tyrol can make an impor-
tant contribution to the question how to switch a health
system with spontaneous mammography screening to an
organised system that meets well-accepted quality
guidelines.
In June 2007, an organised mammography screening

program was introduced in two central counties of
Tyrol accounting for forty percent of that state’s popula-
tion. It was the aim of this study to analyse whether a
smooth change from a spontaneous to an organised
mammography system can meet the quality indicators
recommended by the EU guidelines.

Methods
Study population, invitation
The target population includes all women aged 40 to 69
living in two counties of Tyrol (i.e., the capital of
Innsbruck, and the surrounding area) and covered by
compulsory social insurance. More than 97% of the
population of Tyrol are covered by compulsory social
insurance (personal communication). All women in the
target population are sent a personal invitation letter:
women aged 40-59 annually, and women aged 60-69
biannually. All women are invited regardless of their
screening history and their individual cancer status.
Invitations are addressed directly to the women; the
invitation is to consult a screening unit. Women invited
to screening receive detailed information on the screen-
ing programme and must sign an informed consent
before screening. Mammography screening is offered by
12 screening units, nine of them run by radiologists in
private practice and three by hospital outpatient depart-
ments at the two public hospitals in the study area. The
mammogram is read by only one radiologist; ultrasound
(US) is offered to women at the radiologist’s decision.
The mammography result is coded according to the
BI-RADS [16] scheme, and the participating women are
informed of the screening result immediately after the
screening test. Women with BI-RADS 1-2 go back to
screening, women with BI-RADS 3 are invited for inter-
mediate screening in six months and women with
BI-RADS 4 or 5 are invited for further assessment.
Assessment is offered by three hospital radiology units
in the study area and includes clinical inspection, mam-
mography, US, MRI and biopsy as needed. The one
large assessment unit at Innsbruck University Hospital
works closely with a breast cancer centre. As the system
is open, women are free to contact the assessment unit
irrespective of the mammogram result, and a number of
the women go to assessment even if the mammography
result is BI-RADS 1,2,3. All program activities were
planned carefully and documented in a written protocol.
The program is directed by a screening group that
meets monthly. A subgroup of the project team is
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responsible for quality assurance, which is based on
quarterly analysis of screening data. According to social
insurance regulations, women must first visit their gen-
eral practitioner who refers them to a screening unit.
All radiologists participating in the program had to
undergo a training program and need ÖRG (Austrian
Radiology Association) certification. In the median, pri-
vate radiologists performed 2450 mammograms and the
three hospital units 1134, 1379 and 4620 mammograms
per year. There is no waiting time for mammography.
Of the women who were referred to assessment, 64%
waited less than five working days, 18% between six and
ten working days and 19% more than ten working days.

Data collection
All mammography units register basic information in a
database. It is noteworthy that all mammograms are
registered, not only those for women belonging to the
target population. Due to data privacy restrictions,
women must sign a written consent to permit data
transfer to the screening database; if a woman refuses
consent, an empty dataset marked simply “data transfer
declined” is sent to the mammography database. Screen-
ing information is transferred to the screening database
after pseudonymising the woman’s social insurance
number. The pseudonymisation process permits linkage
of data for a specific woman coming from different
units and guarantees data confidentiality, because the
pseudonymisation process can be reversed only within
the screening unit. An analogous procedure was estab-
lished for assessment units. Finally, data on tumour
characteristics are collected by the Cancer Registry of
Tyrol. The Cancer Registry has developed a network of
various data sources that guarantees a high degree of
completeness and validity of cancer data in the popula-
tion of Tyrol. Details on registry procedures and figures
on completeness have been reported elsewhere [17].
The Cancer Registry also collects each patient’s social
insurance number and, consequently, Cancer Registry
data can be linked to the screening database by applying
the same pseudonymisation process. Cancer Registry
data enable us to analyse data on tumour characteristics
(e.g., tumour size, lymph node status, information on
surgery) and to assess interval cancer cases.
Participation rate should reflect all women undergoing

a screening mammography. Part of them refuse consent
to permit data transfer. In order to account for these
women, we estimated the proportion of all women
denying consent and belonging to age group 40-69 as
being 56% of 5.8%, namely 3.2%. Thus, the estimated
participation rate is equal to the observed participation
rate plus 3.2%. Finally, invitation data are provided by
the invitation system run by the social insurance carrier.
Invitation data are transferred to the screening database

as aggregated numbers of invited women per month of
invitation, age group (five-year age classes) and county.
Recall is defined as call for further assessment or invita-
tion to intermediate screening within six months.

Statistical analysis
Plausibility checks are implemented both at the mam-
mography and the assessment unit level and at the cen-
tral screening database level.
The screening database is realised as STATA data-

sets. Linkage between screening data, assessment data
and Cancer Registry data is based on the pseudonym
number. We report numbers and proportions as
defined in the EU guidelines. For some indices, popu-
lation-based rates are computed using the official
population data supplied by Statistics Austria. No sta-
tistical testing is applied. All reporting is done with
STATA Version 9 [18].
Spontaneous mammography screening was introduced

in Tyrol already in the early 1990 s. Thus, the underly-
ing background incidence is defined by years 1988-1990,
see Table 1.
This study was conducted in conformity to the

Helsinki Declaration [19]. The project was approved by
the Ethics Committee of Medical University Innsbruck.

Results
From June 2007 to May 2008, 56,432 women in the tar-
get population were invited, 40.3% in age group 40-49,
31.1% in age group 50-59 and 28.6% in age group 60-69,
see Table 2. A total of 1,188 invitation letters were
returned as undeliverable. Because of their small num-
ber, we did not take the returned invitations into con-
sideration for analysis. After deleting N = 80 cases
without a BI-RADS classification, we ended up with
17,645 screening cases in the analysis dataset. Of the
screening cases 40.4% were in age group 40-49, 32.2% in
age group 50-59 and 27.4% in age group 60-69.

Table 1 Breast cancer incidence rate in Tyrol before
spontaneous screening program 1988-1990 (background
incidence) and before changing the screening system
2005-2007

40-491) 50-591) 60-691) Total (40-69)1)

1988-1990

Breast Cancer 52 (128.8) 54 (176.0) 74 (244.0) 180 (177.5)

Invasive 50 (123.8) 53 (172.7) 72 (238.5) 175 (172.9)

In situ 2 (5.0) 1 (3.3) 2 (5.5) 5 (4.6)

2005-2007

Breast Cancer 82 (146.2) 87 (206.3) 96 (263.0) 265 (196.5)

Invasive 74 (132.0) 79 (187.3) 89 (245.6) 242 (179.9)

In situ 8 (14.2) 8 (19.0) 7 (17.4) 23 (16.6)
1)Average number of incident cases per year and age-specific rate per 100,000.
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The observed participation rate in the first year of fol-
low-up was 31.3%; after correcting for women declining
data transfer to the screening database, the overall parti-
cipation rate was 34.5% (34.5%, 35.7% and 33.1% in age
groups 40-49, 50-59 and 60-69, respectively). After com-
pleting a second year of follow-up (end of observation
was 31 May 2009), 55.5% of the invited women had
undergone at least one screening examination, with a
higher participation rate in younger age classes (57.5%,
56.7% and 51.4% for age groups 40-49, 50-59 and 60-69,
respectively), see Table 2.
Screening outcome was negative for 96.6%; 1.6% of

cases were recommended for intermediate mammogra-
phy (six months) after screening (1.2% in age group
60-69), 1.8% were referred for further assessment (1.4%
in age group 60-69) and in 10 cases the screening out-
come was unknown (Table 3).
According to screening policy, the screening radiolo-

gists were free to perform additional US. The reason for
additional US was recorded as breast density grades
according to the American College of Radiology (ACR)
3 or 4 in 37.6%, equivocal findings on mammography in
16.9%, and other nonspecified reasons in 45.5% of cases.
Overall, 83.3% of women had an additional US examina-
tion, with clear differences between the age groups: the
proportions were 89.2%, 81.3% and 77.1% in age groups
40-49, 50-59 and 60-69, respectively (Table 4).
Of 315 assessments performed, 38.4% had a core

biopsy (45.5% in age group 60-69), 7.6% a fine needle
biopsy and 1.9% (six cases) an open biopsy. This means
that of 1000 women screened, nine had a biopsy (8 in

age group 60-69) and 0.3 underwent an open biopsy
(Table 5). Of all assessments 75.6% were negative, 2.9%
were recommended for intermediate screening and in
68 (21.6%) screening cases breast cancer was diagnosed
(12.9%, 20.2% and 42.4% in age groups 40-49, 50-59 and
60-69 respectively), see Table 6.
For all fine needle biopsies, the diagnosis was benign.

The positive predictive value of core biopsy was 50.4%
in total and 35.3%, 47.5% and 80.0% in age groups
40-49, 50-59 and 60-69, respectively. The six open biop-
sies showed two benign and four malignant cancer cases.
Of the 68 breast cancer cases, 61 were invasive, and

seven were ductal carcinoma in situ. The cancer detec-
tion rate was 3.9 per 1000 mammograms in total and
2.5, 3.9 and 5.8 in age groups 40-49, 50-59 and 60-69
respectively, see Table 6.
Of all invasive cancers detected, 34.4% were less then

10 mm in size and 65.6% were node-negative, without
differences for age group, see Table 7.
After linking screening data and Cancer Registry data

(only depseudonymised data), we observed a total of
six interval cancer cases within one year after screen-
ing, four in age group 40-49, one in age group 50-59
and one in age group 60-69. The interval cancer rate
was 34 per 100,000 mammograms; this is 19% of the
underlying background incidence rate (defined by years
of diagnosis 1988-1990). Details are shown in Table 8,
which shows the most important quality indicators
defined in the EU guidelines restricted to age group
50-69, because EU recommendations are given for that
age group.

Table 2 Invitation system: Number of women invited, number of mammograms performed (numbers and age
percentages)

40-49 50-59 60-69 Total (40-69)

Women invited 22739 17531 16162 56432

Number of screens in first year 7124 5689 4832 17645

Observed participation rate in first year 31.3% 32.5%

Estimated participation rate in first year1) 34.5% 35.7%

Cumulative participation rate after two years2) 54.3% 53.5% 48.2% 52.3%

Estimated cumulative participation rate after two years1) 2) 57.5% 56.7% 51.4% 55.5%
1)Also a part of women age 40-59 go to mammography screening at a two year interval.

Table 3 Screening outcome

40-49 50-59 60-69 Total

Negative 6853 (96.2%) 5482 (96.4%) 4704 (97.4%) 17039 (96.6%)

Intermediate screening test following screening 125 (1.8%) 95 (1.7%) 57 (1.2%) 277 (1.6%)

Assessment

Recommended 142 (2.0%) 109 (1.9%) 68 (1.4%) 319 (1.8%)

Performed 140 (2.0%) 109 (1.9%) 66 (1.4%) 315 (1.8%)

Unknown1) 4 3 3 10

Total 7124 5689 4832 17645
1)BI-RADS 0 without assessment was treated as unknown.
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Discussion
We analysed the situation after a first year of introdu-
cing organised mammography screening in two counties
in Tyrol accounting for 40% of that state’s population.
The organised program was established in a smooth
transition from the existing spontaneous mammography
screening system, namely by introducing a written pro-
tocol, a personal invitation system, a training program,
and by setting up a screening database allowing us to
investigate performance and outcome parameters in
detail. Although not all EU recommendations have been
followed to date, most quality indicators are in the
range of accepted and/or desired levels given by the EU
guidelines: the proportion of cases called for further
assessment (20 per 1000 mammograms), the biopsy rate
(9 per 1000 mammograms), the proportion of invasive
screening-detected cancer (89.7%), the proportion of
invasive cancer ≤ 10 mm in size (34.4%) and the interval
cancer rate expressed as a multiple of the background
incidence rate (19%). The average number of screens
read by a radiologist (about 2400) does not meet the EU
recommendation of 5000. However, in about four of five
women an additional US is done, which is known to
improve the sensitivity of the screening test, see for
example [20,21].
Some of the parameters are near the value expected in

subsequent screening rounds and not in a first round
(for example, recall rate and breast cancer detection
rate). However, we must remember that the organised

program was introduced after fifteen years of the spon-
taneous screening program. Some indicators like pro-
portion of stage II+ cancers and node-negative cancer
are slightly outside the EU-accepted levels. Some of the
observations could be due to small numbers (we
observed a total of 68 cancer cases). So it is too early to
come to final conclusions on the mammography screen-
ing model we describe here.
Only one indicator clearly misses the EU recommen-

dations, namely the participation rate. However, partici-
pation rate depends not only on program organisation,
but also on cultural background. A look at neighbouring
German-speaking countries, which should have a similar
culture, shows participation rates of 54% in Germany
[14] and 25.9% to 65.9% in five cantons of Switzerland
[22]. Thus, a cumulative participation rate of 55% in the
first two years would seem to be rather successful by
comparison to that of countries with a similar cultural
background, albeit not the goal we aimed for.
Among the strengths of the Tyrolean breast cancer

screening program is its implementation: within a short
time and with minimal additional resources it was possible
to set up an organised population-based screening pro-
gram that - at least at evaluation after one year - met all of
the EU quality indicators except participation rate. It was
not necessary to set up extra screening units; instead, the
program used the existing network of screening and
assessment units. In terms of epidemiology, another of the
program’s strengths is a complete pseudonymised database

Table 4 Additional ultrasound imaging at screening

40-49 50-59 60-69 Total

Ultrasound added to mammography screening 6358 (89.2%) 4624 (81.3%) 3723 (77.1%) 14705 (83.3%)

Reason for ultrasound:

Breast density (ACR 3/4) 2855 (44.9%) 1638 (35.4%) 1041 (28.0%) 5534 (37.6%)

Equivocal finding 1037 (16.3%) 810 (17.5%) 635 (17.1%) 2482 (16.9%)

Other 2466 (38.8%) 2176 (47.1%) 2047 (55.0%) 6689 (45.5%)

Table 5 Assessment procedure

40-49 50-59 60-69 Total

Additional imaging

Ultrasound 140 (100%) 106 (97.2%) 61 (92.4%) 307 (97.5%)

MRI 24 (17.1%) 21 (19.3%) 21 (31.8%) 66 (21.0%)

Biopsy 63 (45.0%) 51 (46.8%) 37 (56.1%) 151 (47.9%)

Core biopsy 51 (36.4%) 40 (36.7%) 30 (45.5%) 121 (38.4%)

Fine needle biopsy 10 (7.1%) 10 (9.2%) 4 (6.1%) 24 (7.6%)

Open biopsy 2 (1.4%) 1 (0.9%) 3 (4.5%) 6 (1.9%)

Biopsy rate per 1000 mammograms 8.8 9.0 7.7 8.6

PPV for core biopsy1) 35.3.4% 47.5% 80.0% 50.4%

PPV for open biopsy2) 66.7%

Total 140 109 66 315
1)For all fine needle biopsies the result was benign.
2)For six open biopsies two were benign and four malignant. Because of small numbers, PPV is shown only for the total.
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that covers all mammography exams and can be linked to
the Cancer Registry data. The database was set up in a
very short time, it is up to date within one month and
serves as a very important tool for monitoring the pro-
gram quality indicators or, more generally speaking, for all
kinds of quality assurance tasks.
Nevertheless, the program differs from many orga-

nised programs in the EU in three aspects. Firstly, we
also included women aged 40-49. During previous spon-
taneous screening campaigns women aged 40-49 were
officially invited to participate in mammography screen-
ing. The discussion in the USA after publishing the
revised recommendation by USPSTF [23,24] shows that
it is very challenging and difficult for women to under-
stand why a service is cancelled that was recommended
for several years. Without well founded data, we feel it
is not justified to discontinue screening in age class

40-49. We are collecting detailed data and will evaluate
the goods and harms [23,25] in coming years. In addi-
tion, the analysis of breast cancer mortality in Tyrol in
the past decade shows that mortality decrease was great-
est in women aged 40-49, an effect that can at least
partly be attributed to spontaneous screening [13].
Secondly, we offer breast US as an additional diagnos-

tic tool in screening. In opportunistic screening in
Tyrol, US was offered to women with dense breasts
(ACR density grades 3 and 4) and with inconclusive
findings on mammography [26,27]. The line of reason-
ing concerning screening in age group 40-49 also holds
for adjunct US, bearing in mind that adjunct US was
offered during the last decade. It has been shown by
various authors that the additional use of US can
improve cancer detection rates, especially in younger
women and women with dense breasts [20,21,26]. The
relative percentage of carcinomas found in supplemental
breast US examinations as a fraction of the total number
of detected cancers was reported by four studies with a
mean percentage of 22.5% (15%-34%) [19]. In the second
year of the organised program we collected detailed data
allowing us to analyse the contribution of US to sensi-
tivity and specificity outside the framework of studies,
namely in a population-based setting.
And thirdly, we were not able to implement double

reading during the piloting phase. Interestingly, perfor-
mance parameters, especially interval cancer rate,
showed that also without double reading an acceptable
quality level was achieved. The question of the comple-
teness of interval cancer rate depends on the complete-
ness of the Cancer Registry of Tyrol, which covers the
target population. We analysed quality measures for the
Cancer Registry in detail, also completeness, and found
a high degree of completeness, both for all cancer sites
and for breast cancer [17]. Therefore, we think it is unli-
kely that we missed interval cancers. However, the num-
bers are small and we cannot exclude the possibility that
we missed one or two cases, which would mean a 33%
increase in the interval cancer rate (from 6 to 8 cases).
Clearly, a longer observation period is necessary before

Table 6 Assessment outcome

40-49 50-59 60-69 Total

Negative 117 (83.6%) 85 (78.0%) 36 (54.5%) 238 (75.6%)

Recommendation for intermediate screening after assessment 5 (3.6%) 2 (1.8%) 2 (3.0%) 9 (2.9%)

Breast cancer 18 (12.9%) 22 (20.2%) 28 (42.4%) 68 (21.6%)

In situ 4 (2.9%) 2 (1.8%) 1 (1.5%) 7 (2.2%)

Invasive 14 (10.0%) 20 (18.3%) 27 (40.9%) 61 (19.4%)

Breast cancer detection rate per 1000 mammograms 2.5 3.9 5.8 3.9

Ratio screening breast cancer detection rate vs. background incidence rate1) 1.9 2.2 2.4 2.2

Total 140 109 66 315
1)Background incidence rate: see Table 1.

Table 7 Characteristics of invasive cancers

40-49 50-59 60-69 Total

Tumour size (mm): 13.5; 3-50 14; 2-60 12; 1-49 13; 1-60

Median; range

Tumour size (mm):

<= 10 mm 6 (42.9%) 6 (30.0%) 10 (37.0%) 21 (34.4%)

11-20 mm1) 6 (42.9%) 8 (40.0%) 12 (44.4%) 26 (42.6%)

>20 mm 3 (21.4%) 6 (30.0%) 5 (18.5%) 14 (23.0%)

Lymph node
involvement

5 (35.7%) 7 (35.0%) 9 (33.3%) 21 (34.4%)

Total 14 20 27 61

Tumor stage
according to TNM

pT1 12 (85.7%) 14 (70.0%) 22 (81.5%) 48 (78.7%)

pT2 2 (14.3%) 5 (25.0%) 5 (18.5%) 12 (19.7%)

pT3 1 (5.0%) 1 (1.6%)

pN0 9 (64.3%) 13 (65.0%) 18 (66.7%) 40 (65.6%)

pN1 4 (28.6%) 4 (20.0%) 6 (22.2%) 14 (23.0%)

pN2 1 (7.1%) 2 (10.0%) 2 (7.4%) 5 (8.2%)

pN3 1 (5.0%) 1 (3.7%) 2 (3.3%)

M0 13 (92.9%) 19 (95.0%) 26 (96.3%) 58 (95.1%)

M1 1 (7.1%) 1 (5.0%) 1 (3.7%) 3 (4.9%)
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coming to a final conclusion on this parameter. This
observation could in part be explained by short screen-
ing intervals in the age group 40-59 and by the use of
additional US. Nevertheless, double reading will be
introduced in the regular screening program after con-
cluding the piloting phase.
Also, as we do not have a scheduling system, women

are invited to consult the screening unit at any time
that is convenient to them. The time when the invita-
tion is sent is independent of a woman’s individual
screening history. The latter point is corrected in the
next invitation round, which required a change in the
written consent for reasons of data privacy.
Many countries have had a mammography screening

program running for decades or for a shorter time. On
the other hand, six EU member states still have no orga-
nised nationwide breast cancer screening program, and
in seven member states a nationwide rollout was in
2007 [15]. What can be learned from our experience by
countries that are thinking of introducing or are already
in the process of planning to introduce a mammography
screening program? In our opinion, the greatest differ-
ence between our approach and many other approaches
is the smooth transition made from the existing sponta-
neous program to organized population-based screening.
We made use of the network of screening and assess-
ment units that had already been set up during sponta-
neous screening. What we added was an invitation
system covering the entire population of Tyrol, a screen-
ing database that allows quality indices to be monitored
and a well-defined training program for both screening
and assessment units. With this strategy we were able to
meet most EU quality indices in a very short time.

Conclusions
A smooth transition from a spontaneous to an organised
mammography screening system that uses the existing

screening units, introduces an invitation system and a
quality assurance program (including a screening data-
base) can meet the quality indicators recommended by
European guidelines in a short time and with minimal
additional resources. However, it will be necessary to
introduce double reading, to change the rule for
BI-RADS 3 and to concentrate on actions toward
improving the participation rate.

List of Abbreviations
US: ultrasound; ÖRG: Austrian Radiology Association; ACR: American College
of Radiology.
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Abstract

Objectives The objective of this study was to update an

in-depth analysis of the time trend for prostate cancer

(PCA) mortality in the population of Tyrol by 5 years,

namely to 2008. In Tyrol, prostate-specific antigen (PSA)

tests were introduced in 1988/89; more than three-quarters

of all men in the age group 45–74 had at least one PSA test

in the past decade.

Methods We applied the same model as in a previous

publication, i.e., an age-period-cohort model using Poisson

regression, to the mortality data covering more than three

decades from 1970 to 2008.

Results For Tyrol from 2004 to 2008 in the age group

60? period terms show a significant reduction in prostate

cancer mortality with a risk ratio of 0.70 (95% confidence

interval 0.57, 0.87) for Tyrol, and for Austria excluding

Tyrol a moderate reduction with a risk ratio of 0.92 (95%

confidence interval 0.87, 0.97), each compared to the

mortality rate in the period 1989–1993.

Conclusions This update strengthens our previously

published results, namely that PSA testing offered to a

population at no charge can reduce prostate cancer mor-

tality. The extent of mortality reduction is in line with that

reported in the other recent publications. However, our data

do not permit us to fully assess the harms associated with

PCA screening, and no recommendation for PSA screening

can be made without a careful evaluation of overdiagnosis

and overtreatment.
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Introduction

Prostate cancer (PCA) is the second-leading cause of male

cancer death in most industrialized countries (Boyle et al.

2008). One out of six men in the United States and in most

industrialized countries will be affected by PCA during his

lifetime (SEER 2011). These facts explain why there is an

exceptional interest in scientifically proven evidence on

whether organized prostate-specific antigen (PSA) screen-

ing reduces PCA mortality and what harms are associated

with such screening. Until now, screening healthy men for

PCA has shown to be feasible and acceptable in the large

studies (De Koning et al. 2002). The results of two large

randomized studies with more than 75,000 cases and con-

trols in each study were recently published (Schröder et al.

2009; Andriole et al. 2009), one showing a 20% reduction

in the PCA death rate with a p value of 0.04, and the other

showing no reduction.

Tyrol is one of the few countries where PSA testing was

introduced already as early as 1988/89, and since 1993 it

has been offered to all men aged 45–74 (Bartsch et al.

2001). In 2006, we published an analysis of PCA mortality

in Tyrol until the year of death 2003 and concluded that

PSA testing offered free of charge to a population can

reduce PCA mortality (Oberaigner et al. 2006). Critical

questions were raised about the short observation period

and too small numbers and therefore unstable results.

Recently, the mortality data for Austria to year of death

2008 were released, which enables us to update our anal-

ysis by adding 5 years to the observation period, namely

2004–2008.

Therefore, in order to determine whether PSA testing

might be able to reduce PCA mortality in Tyrol, our goal

was to update our analysis of PCA mortality in Tyrol by a

5-year period, namely by years of death 2004–2008.

Methods

Mortality data were analyzed for Tyrol, and for Austria

excluding Tyrol. In Austria, mortality data are collected by

Statistics Austria (Hansluwka 1989); details are described

elsewhere (Oberaigner et al. 2006). We analyzed all cases

coded for cause of death PCA as described above.

Population data are also collected by Statistics Austria.

Census data are available for the years 1971, 1981, 1991

and 2001; for intercensus, years population figures are

extrapolated based on births, deaths and migration

information.

The male population of Tyrol in the last year of obser-

vation, namely 2008, was 343,340, and of Austria

excluding Tyrol 3,715,295.

Analysis of mortality time trends was based on age-

period-cohort (APC) modeling (Clayton and Schifflers

1987a, b). APC models allow separate effects to be esti-

mated for age (A), period or year of death (P) and cohort

(C) by means of Poisson regression. The method is iden-

tical to that used in our previous publication and was

described there (Oberaigner et al. 2006).

We fitted separate models for PCA mortality for Tyrol,

and for Austria excluding Tyrol. For Tyrol, the APC model

reaches 24 degrees of freedom (DF) and deviance 30.4,

which seems to be reasonably good. For Austria excluding

Tyrol, the APC model reaches 24 DF and deviance 103.0.

For every step in model extension, the likelihood ratio test

shows that the parameter effect is different from a zero

effect. Thus, it is justified to add each parameter step by step.

For statistical analysis, the number of PCA deaths was

aggregated in 5-year age groups, 5-year period groups and

consequently 5-year cohort groups. There are a very few

PCA deaths for age below 60 in Tyrol (3.3% of all PCA

deaths). We thus decided to build the model for age groups

beginning with age 60–64 and continue in 5-year age

groups. Our hypothesis was that the mortality rate

decreases following PSA testing, so the reference category

for period was 1989–1993.

In order to rule out the possibility that the choice of the

age of PCA deaths analyzed by us, namely 60?, had a

predominant influence on the result, we performed a sen-

sitivity analysis by applying the same model to age groups

50?, 50–74 and 60–74.

The analysis was performed with Stata Version 9, using

poisson procedure for Poisson regression (Stata Statistical

Software 2005).

Results

Basic numbers of PCA deaths and age-standardized rates

are given in Table 1; Fig. 1. Effects of the APC model are

described in Table 2; reference category for age is the age

group 60–64, for the period group 1989–1993 and for

cohort the cohort group 1882–1886. Figure 2 shows the

period effects for Tyrol and for Austria excluding Tyrol.

Age effects are of similar size for Tyrol and for Austria

excluding Tyrol: as compared to age group 60–64, the

effects are about 2, 5, 8, 14 and 22 for age groups 65–69,

70–74, 75–79, 80–84 and ?85, respectively.

Period effects, each compared to years of death

1989–1993, are about 0.7–0.8 for the 1970s and 1980s in

Tyrol, and about 0.9 for each of the two decades for Austria

excluding Tyrol; details are shown in Table 2; Fig. 2. In
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the time period after optional PSA testing was introduced

for all men in Tyrol, for Tyrol we observe effects of 0.97

(95% confidence interval (CI) 0.84, 1.12), 0.86 (95% CI

0.72, 1.04) and 0.70 (95% CI 0.57, 0.87) for time periods

1994–1998, 1999–2003 and 2004–2008, respectively. For

Austria excluding Tyrol, we observe effects of 1 (95% CI

0.96, 1.04), 1.03 (95% CI 0.98, 1.08) and 0.92 (95% CI

0.87, 0.97), again for time periods 1994–1998, 1999–2003

and 2004–2008, respectively. The confidence intervals for

the risk ratios for Tyrol and for Austria excluding Tyrol for

2004–2008 overlap only at the border.

For Tyrol, the cohort effects are about 1.5 until 1916,

after which we see a decrease to about 0.8 for cohorts born

after 1930. For Austria excluding Tyrol, the cohort effects

are rather stable with estimators between 1.20 and 1.40 and

about 1 for cohorts born after 1927.

By extending and/or subsetting the age of PCA deaths in

the analysis for the time period 2004–2008, we observe

estimators of 0.70 (95% CI 0.51, 0.95), 0.47 (95% CI 0.30,

0.75) and 0.40 (95% CI 0.26, 0.61) for age groups 50?,

50–74 and 60–74, respectively, each compared to

1989–1993. Details of period estimators are shown in

Table 3.

Discussion

Our analysis is based on an observational study of PCA

mortality data conducted in the population of Tyrol, where

PSA testing has been offered to men free of charge since it

was introduced in the early 1990s. For Tyrol, we observed

a mortality reduction of 14% for 1999–2003 and 30% for

2004–2008, and for Austria excluding Tyrol a mortality

reduction of 8% for 2004–2008. The reduction for

2004–2008 is statistically significant for both Tyrol and

Austria excluding Tyrol.

Are observations for Tyrol and for Austria excluding

Tyrol plausible?

Our main study design is a historical comparison within

Tyrol. The second comparison, although not formally

Table 1 Prostate cancer mortality in Tyrol and in Austria excluding

Tyrol

Year of death Tyrol Austria excluding Tyrol

Number ASRa Number ASRa

1970 56 17.1 677 13.5

1971 41 12.6 695 13.5

1972 39 11.0 700 13.8

1973 56 15.9 779 14.9

1974 51 13.8 777 15.1

1975 47 13.3 771 14.7

1976 52 14.7 809 15.4

1977 50 13.7 779 14.2

1978 57 15.2 865 16.3

1979 68 18.0 783 14.4

1980 90 22.9 845 15.3

1981 52 13.4 849 15.3

1982 69 17.1 874 16.0

1983 61 15.2 837 15.1

1984 68 17.1 835 15.0

1985 76 17.7 905 15.5

1986 70 16.7 925 15.8

1987 87 20.9 984 16.9

1988 71 15.7 941 16.2

1989 72 15.3 986 17.0

1990 96 20.3 1,014 16.8

1991 96 21.0 1,110 18.3

1992 91 18.3 1,048 17.1

1993 96 20.4 1,081 17.7

1994 95 19.5 993 16.1

1995 93 19.2 1,109 17.4

1996 91 17.8 1,079 16.9

1997 88 15.9 1,096 16.9

1998 60 11.3 1,079 16.1

1999 79 14.2 1,143 16.9

2000 79 13.7 1,150 16.5

2001 85 14.8 1,099 16.1

2002 79 14.0 1,059 15.2

2003 68 11.6 1,092 15.5

2004 59 10.2 1,080 14.8

2005 62 9.7 1,035 13.7

2006 68 10.5 1,015 12.8

2007 74 11.2 992 12.1

2008 63 9.0 1,121 12.9

a Age-standardized rate per 100,000 using SEGI weights
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Fig. 1 Prostate cancer mortality: age-standardized rate in Tyrol and

in Austria excluding Tyrol for years of death 1970–2008 (vertical line
is end of previous publication)
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included in the model, is between Tyrol and Austria

excluding Tyrol. In the absence of PSA testing, we have

good reasons to assume parallel time trends in PCA mor-

tality in both regions, because health services in general as

well as the diagnosis and therapy for cancer patients are

uniform throughout Austria. Therefore, it is likely that the

reduction in PCA mortality in Tyrol is mostly due to PSA

testing, which was the main difference in PCA manage-

ment between Tyrol and Austria excluding Tyrol up to

2000. In Tyrol, PSA cutoff levels equalled to 2.5, 3.5, 4.5

and 6.5 in age groups 40–49, 50–59, 60–69 and 70–79,

respectively, up to October 1996 and were cut in half to

1.25, 1.75, 2.25 and 3.25 in the same age groups mentioned

above (Bartsch 2008). Nevertheless, some smaller part of

the reduction could be a consequence of other unknown

factors. Whereas in Tyrol, PSA testing was introduced

already in the early 1990s, in Austria excluding Tyrol PSA

testing began some 7–10 years later. A look at PCA inci-

dence (Statistics Austria 2008) supports this interpretation

(see Fig. 3), because to our knowledge the introduction of

PSA testing is the only possible explanation for the sharp

increase in PCA incidence in Austria excluding Tyrol

between 1995 and 2000. Hence, the 8% PCA mortality

reduction in Austria excluding Tyrol could also be due to

PSA testing.

Compared to the literature, what this study adds

to known facts?

It is well known that observational studies are prone to a

number of possible biases (e.g. confounding), and we

expect much stronger evidence from randomized studies.

To date, we know of results from four randomized studies

on PSA screening and mortality, see (Boyle and Brawley

2009) for a discussion of the randomized studies. However,

due to contamination and attendance, the true value of

screening could have been underestimated (van Leeuwen

et al. 2010). Therefore, efforts have been taken to control

for contamination and attendance in the ERSPC studies,

and after correcting for these biases our result is in line

with other results, see for example (Robool et al. 2009, van

Leeuwen et al. 2010, Kerkhoff et al. 2010, Hugosson et al.

2010), bearing in mind that our approach is rather con-

servative because we have no age limit on PCA mortality

cases.

The number needed to treat was reduced from 1,410 in

the ERSPC study (Schröder et al. 2009) to 293 in the

Göteburg study (Hugosson et al. 2010). Therefore, we feel

it is time to revise the conclusion drawn by Boyle and

Brawley, which was based on the original ERSPC results.
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Fig. 2 Prostate cancer mortality in Tyrol and in Austria excluding

Tyrol for years of death 1970–2008, age 60?: estimated period

effects

Table 2 Results of the age-period-cohort model, drift in cohort

Tyrol Austria excluding Tyrol

Estimator 95% CI Estimator 95% CI

Age

60–64 1.00 Reference 1.00 Reference

65–69 2.05 1.65, 2.57 2.24 2.12, 2.38

70–74 4.63 3.73, 5.74 4.38 4.14, 4.64

75–79 7.86 6.23, 9.92 8.43 7.93, 8.97

80–84 13.29 10.23, 17.27 14.44 13.46, 15.48

?85 21.40 16.00, 28.62 23.65 21.88, 25.57

Period

1970–1973 0.66 0.50, 0.86 0.86 0.80, 0.93

1974–1978 0.62 0.49, 0.79 0.88 0.83, 0.94

1979–1983 0.78 0.65, 0.94 0.86 0.82, 0.91

1984–1988 0.81 0.70, 0.95 0.91 0.87, 0.95

1989–1993 1.00 Reference 1.00 Reference

1994–1998 0.97 0.84, 1.12 1.00 0.96, 1.04

1999–2003 0.86 0.72, 1.04 1.03 0.98, 1.08

2004–2008 0.70 0.57, 0.87 0.92 0.87, 0.97

Cohort

1882–1886 1.00 Reference 1.00 Reference

1887–1891 1.49 0.93, 2.38 1.24 1.10, 1.40

1892–1896 1.59 1.05, 2.42 1.27 1.14, 1.41

1897–1901 1.74 1.18, 2.55 1.35 1.22, 1.49

1902–1906 1.55 1.08, 2.24 1.41 1.28, 1.55

1907–1911 1.40 0.98, 2.00 1.44 1.31, 1.58

1912–1916 1.42 0.99, 2.03 1.43 1.30, 1.58

1917–1921 1.21 0.84, 1.74 1.29 1.17, 1.42

1922–1926 0.97 0.66, 1.42 1.14 1.03, 1.27

1927–1931 0.79 0.53, 1.20 1.10 0.98, 1.23

1932–1936 0.79 0.50, 1.25 1.05 0.92, 1.18

1937–1941 0.80 0.48, 1.34 0.89 0.77, 1.03

1942–1946a

a Because there is drift in cohort, there is no estimator for the last

cohort 1942–1946
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The advantage of our study is that it permits us to

investigate the effect of PSA screening in a real-life situ-

ation. While randomised studies concentrate on the efficacy

of screening, we analyze the effectiveness of a PSA testing

program conducted in a well-defined population. But, of

course, we cannot overcome problems that are inherent to

nonrandomised studies.

In order to rule out the possibility that the model

choice had a predominant effect, we compared our results

with results obtained with a joinpoint regression model.

We applied the SEER package (Joinpoint 2010, Kim et al.

2000), see Fig. 4. The results fit to the results obtained

with the APC model, with a reduction in Tyrol beginning

at about 1990 and in Austria excluding Tyrol at about

2000. The size of the mortality decrease given by the

joinpoint regression model is even greater, meaning our

estimates are rather conservative. In addition, we con-

ducted a sensitivity analysis of the influence of age by

extending and/or subsetting the analysis to age groups

50?, 50–74 and 60–74 (see Table 3) and obtained stable

estimates.

Limitations

The facts that PSA testing was already introduced in Tyrol

around 1990 and that about three-fourths of all men aged

45–74 have undergone at least one PSA test for screening

purposes seem to be good reasons for conducting this

analysis. However, we are faced with severe limitations.

First, and this is probably the most severe limitation, our

analysis is based on an observational design, which does

not allow for any control of confounders. We conducted a

comparison with a historical control group and attributed

the main effect to PSA testing. Of course, we cannot rule

out the possibility that other factors contributed to the

reduction in PCA mortality.

Second, the outcome measure we analyzed is PCA

mortality, and we have no validation of PCA as cause of

death. We know that mortality statistics in Austria has been

of high quality for decades (Hansluwka 1989). Linking

Table 3 Sensitivity analysis of the age-period-cohort model by subsetting age groups, period estimators

Age 50? Age 50–74 Age 60–74

Estimator 95% CI Estimator 95% CI Estimator 95% CI

Period

1970–1973 0.66 0.44, 0.99 0.62 0.34, 1.13 0.59 0.37, 0.96

1974–1978 0.63 0.45, 0.87 0.62 0.3, 1.03 0.59 0.37, 0.93

1979–1983 0.78 0.61, 0.99 0.73 0.49, 1.11 0.70 0.46, 1.04

1984–1988 0.82 0.70, 0.98 0.99 0.73, 1.36 0.96 0.69, 1.34

1989–1993 1.00 Reference 1.00 Reference 1.00 Reference

1994–1998 0.95 0.80, 1.12 0.86 0.64, 1.17 0.90 0.66, 1.23

1999–2003 0.86 0.68, 1.09 0.62 0.42, 0.92 0.55 0.37, 0.80

2004–2008 0.70 0.51, 0.95 0.47 0.30, 0.75 0.40 0.26, 0.61
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mortality data with the Cancer Registry data gives an

estimate of false-positive PCA deaths: about 95% of those

PCA deaths showed a PCA diagnosis in the Cancer Reg-

istry database. This proportion does not change over time

(data not shown).

Third, we have no detailed knowledge of the volume of

PSA testing. For Tyrol, we collected data from all PSA labs

and estimated the PSA testing rate. After 9 years of intense

PSA testing, we estimate that 75.1% of all men aged 45–74

in Tyrol have had at least one PSA screening test (Obe-

raigner et al. 2006).

Fourth, we have only a very limited data on harms

caused by PSA testing. Pelzer analyzed 1,445 consecutive

patients undergoing radical prostatectomy at the Depart-

ment of Urology of Innsbruck Medical University and

concluded that the rate of overdiagnosis is small (between

8 and 17%), but also noticed underdiagnosis (Pelzer 2008).

After weighing all limitations and strengths, our per-

sonal estimate is that although these limitations exist and

cannot be formally ruled out, it is unlikely that all possible

biases could have caused a 50% reduction in PCA mor-

tality in men aged 50–74, albeit some part of this reduction

can be due to a combination of biases.

Our study concerns a well-defined population of Tyrol,

where we have some knowledge of PSA testing rates and

information on therapy offered to the population. The APC

model fits well for Tyrol, and when compared to Austria

excluding Tyrol the PSA testing rate seems to be the main

factor which is able to explain the difference in time trends

between Tyrol and Austria excluding Tyrol. Of course, our

analysis cannot overcome the problems of nonrandomized

studies, but it can provide further information on the

potential benefits of PSA testing or screening.
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Introduction of organised mammography
screening in Tyrol: results following first year
of complete rollout
Willi Oberaigner1,2,3*, Martin Daniaux4, Sabine Geiger-Gritsch1, Rudolf Knapp5, Uwe Siebert2,3,6,7 and
Wolfgang Buchberger2,8

Abstract

Background: In Tyrol, Austria, the existing system of spontaneous mammography screening was switched in 2007
to an organised program by smoothly changing the established framework. This process followed most EU
recommendations for organised mammography screening with the following exceptions: women aged 40-49 are
part of the target population, screening is offered annually to the age group 40-59, breast ultrasound is available as
an additional diagnostic tool, and double reading has not yet been implemented. After a pilot phase the program
was rolled out to all of Tyrol in June 2008. The aim of this study was to analyse the performance of the organised
screening system by comparing quality indices and recommended levels given in the well-established EU guidelines.

Methods: Working from the results of the pilot phase, we extended the organised mammography system to all counties
in Tyrol. All women living in Tyrol and covered by compulsory social insurance were invited for a mammography, in the
age group 40-59 annually and in the age group 60-69 biennially. Screening mammography was offered mainly by
radiologists in private practice, with further assessment performed at hospitals. Using the screening database, all well-
established performance indicators were analysed and compared with accepted/desired levels as per the EU guidelines.

Results: From June 2008 to May 2009, 120,440 women were invited. Per 1000 mammograms, 14 women were
recalled for further assessment, nine underwent biopsy and four cancer cases were detected. Of invasive breast
cancer cases, 32.3% and 68.4% were ≤ 10 mm and ≤ 15 mm in size, respectively, and 79.2% were node-negative.
The positive predictive value for further assessment and for biopsy was 25.9% and 39.9%, respectively. Estimated
two-year participation rate was 57.0%. In total, 14 interval cancer cases were detected during one year of follow-up;
this is 18.4% of the background incidence rate.

Conclusions: In Tyrol, Austria, an organised mammography screening program was implemented in a smooth
transition from an existing spontaneous screening system and was completely rolled out within a short time. The
high level of performance already seen in the pilot phase was maintained after rollout, and improvements resulting
from the pilot phase were affirmed after one year of complete rollout.

Background
Breast cancer is the leading cause of female cancer
death in all industrialised countries (and also world-
wide), and the breast is also the leading incident cancer
site for females [1]. Therefore, screening methods for
breast cancer are of greatest public health importance.

A recently published Cochrane Review, which assessed
the effect of mammography screening for breast cancer
on mortality and morbidity concluded that screening is
likely to reduce breast cancer mortality [2].
In 2006, in Tyrol, Austria, the decision was made to

change the existing spontaneous mammography screening
system to an organised program while, on the one hand,
making best possible use of the mammography screening
network established over the previous fifteen years and, on
the other hand, following most EU recommendations for
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organised mammography screening. After a pilot phase
conducted in two central counties of Tyrol covering 40%
of the population from June 2007 to May 2008 [3], the
organised system was completely rolled out to all of Tyrol
in June 2008. It was possible to establish a country-wide
mammography screening program in a very short time,
which differs only in the following aspects from the EU
guidelines [4]: women aged 40-49 are part of the target
population, screening is offered annually in the age group
40-59, breast ultrasound is available as an additional diag-
nostic tool, and double reading has not yet been
implemented.
To our knowledge, some European countries still have

no organised mammography screening program or are in
the process of planning to set up such a system [5,6].
Therefore, the Tyrolean experience can make an impor-
tant contribution to deciding how to switch a health sys-
tem with spontaneous mammography screening to an
organised screening program that meets well-accepted
quality guidelines.
It was the aim of this study to analyse the performance

of the organised mammography screening system after
complete rollout to all counties in Tyrol by measuring
the quality indicators recommended by the EU guidelines
[4] and to determine whether the high quality observed
in the pilot phase could be affirmed after rollout.

Methods
Study population, invitation
The target population in the first year of complete rollout
from June 2008 to May 2009 included all women aged
40 to 69 living in Tyrol and covered by compulsory social
insurance, which is more than 97% of the population (per-
sonal communication). The main health insurance carrier
sent out personal invitation letters to all the women in the
target population in the month in which the women had
their birthday: women aged 40-59 annually, and women
aged 60-69 biennially. As women aged 60-69 and living in
the two central counties of Tyrol where the pilot phase
was conducted had already been invited in the pilot year,
this group of women was not invited again in the first year
of rollout (Figure 1). Mammography screening was offered
by 22 screening units; thirteen of them were run by

radiologists in private practice and nine by hospital outpa-
tient departments. The mammogram was read by only
one radiologist; ultrasound (US) was offered to women at
the radiologist’s discretion. Assessment was offered by
nine hospital radiology units in the study area and
included clinical inspection, mammography, US, magnetic
resonance imaging (MRI) and biopsy as needed. Women
were recalled for assessment either directly by the screen-
ing unit or by the general practitioner. The one large
assessment unit at Innsbruck Medical University Hospital
works closely with a breast cancer centre that was
EUSOMA-certified in March 2010 [7]. All radiologists
participating in the program underwent training and
received ÖRG (Austrian Radiology Association) certifica-
tion. In the median, private radiologists and hospital units
performed 3234 and 1639 mammograms per year, respec-
tively. The mammography screening system has been
described in more detail elsewhere [3].

Data collection
All mammography units registered basic information in
a database. Screening and assessment information was
transferred to a central database after pseudonymising
the woman’s social insurance number [3]. In addition,
data on tumour characteristics were collected by the
Cancer Registry of Tyrol.

Statistical analysis
The screening and assessment data were realised as
STATA datasets. Linkage between screening data,
assessment data and Cancer Registry data is based on
the pseudonym number. We reported numbers and pro-
portions as defined in the EU guidelines [4]. For some
indices, population-based rates were computed using the
official population data supplied by Statistics Austria. No
statistical testing was applied. All reporting was done
with STATA Version 11 [8].
Performance indicators were reported from all screens

in women aged 40-69 between June 2008 and May 2009.
Participation rate was calculated following a cohort

approach: we counted every woman only once in the
observation period, which was either one year or two
years. Due to the fact that nearly half of women aged 40 to

Age 40 69

2nd Year Rollout

June 2007 June 2008 June 2009

Age 60 69

Age 50 59

Pilot Phase 1st Year Rollout

Central counties

Central counties

Central counties

Tyrol

Tyrol

Tyrol except
central counties

Tyrol

Tyrol

Central counties

Figure 1 Mammography screening system Tyrol, invitation scheme.
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59, who attend screening regularly, do not return for
screening in the first year although they are invited
annually, we computed for that age group also a two-year
participation rate, meaning an observation period of two
years.
Data on all mammography investigations performed in

Tyrol are transferred to the screening database. A small
portion (5.9%) of the women refused consent for data
transfer to the screening database and we therefore
receive only an empty dataset. Of all other mammogra-
phy data, 76% belong to the screening population. By
assuming this same proportion of 76% for the empty
dataset, we calculated a proportion of 4.5% to be added
to the observed participation rate accounting for empty
datasets describing real numbers of mammography
screening investigations.
As spontaneous mammography screening was already

introduced to Tyrol in the early 1990s, the underlying
background incidence rate (BIR) was defined by years of
diagnosis 1988-1990.
This study was conducted in conformity with the Hel-

sinki Declaration [9]. The project was approved by the
Ethics Committee of Innsbruck Medical University.

Results
From June 2008 to May 2009 120,440 women in the target
population were invited; this excluded women aged 60-69
and living in the two central counties where the pilot
phase was conducted, who fell in the biennial screening
interval for that age group and were thus not invited again
in this first year of complete rollout (Figure 1). The
observed one- and two-year participation rates were 31.6%
and 52.5%, respectively (Table 1). Participation was higher
in younger women. For example, the two-year observed
participation rate was 55.1% in women aged 40-49 versus
50.3% in women aged 50-69.
Performance indicators were analysed for all screens

performed in the first year of rollout, namely 42,834
screens. Of the women 75.5% underwent additional US
(80.9% in women aged 40-49). Breast density (ACR 3/4)
was the reason for additional US in 52.7% and 39.6% of
women aged 40-49 and 50-69, respectively (Table 2).
Per 1000 screens, 14 women were recalled for further

assessment. Screening result was unknown for a total of

98 cases (0.2% of screens). Per 1000 screens, nine under-
went biopsy. Of all biopsies, 86% were core biopsies and
3% open biopsies (13 cases). We observed 3.6 screen-
detected cancers per 1000 screens or a total of 153
breast cancer cases, of which 9.2% were diagnosed as in
situ cancers. The positive predictive value (PPV) was
25.9% for further assessment, 39.9% for total biopsy and
45.8% for core biopsy. PPV was lower in age group 40-
49 (18.7%, 31.3% and 34.9% for further assessment, total
biopsy and core biopsy, respectively). Performance para-
meters are summarised in Table 3.
Of 139 invasive cancers diagnosed in screening, four

changed to “in situ cancer” after final diagnosis. Two
invasive cancer cases did not undergo surgery because
of metastatic disease. Finally, three invasive cancer cases
underwent neoadjuvant therapy and it was not possible
to identify preoperative staging.
Of all invasive cancers detected and finally proven,

32.3% and 68.4% showed tumour size ≤10 mm and ≤15
mm, respectively. Lymph node involvement was
observed in 20.8% of invasive cancer cases (Table 4).
For invasive cancers, 90.6% of further assessments

were carried out within five working days after screening
and 87.1% and 90.1% underwent surgery within ten days
and 15 days after decision to operate, respectively. For
all cases except invasive cancers, 73.7% underwent
assessment within five working days and 17.1% after ten
or more working days (Table 5).
We observed a total of 14 interval cancer cases within

one year after screening in all of Tyrol, five in age group
40-49, giving an interval cancer rate of 20.8% and 17.8% of
the background incidence rate for age groups 40-49 and
50-69, respectively (Table 6). Table 7 shows the results for
the most important quality indicators of the EU guidelines
[4] restricted to age group 50-69. Given that the organised
system was introduced after more than a decade of spon-
taneous mammography screening in Tyrol, as reference
values we chose the accepted and desired ranges of EU
quality indicators for subsequent rounds. Most of the indi-
cators were within the EU range, except the participation
rate (54.8% vs. the limit of 75%), the proportion of II+ can-
cers (33.3% vs. the limit of 25%), the proportion of invasive
cancers (91.2%, this is slightly above the limit of 90%) and
the proportion of cases that underwent surgery within
≤ 15 working days after decision to operate (87.3%, this is
slightly below the limit of 90%).

Discussion
We analysed performance after one year of rolling out
an organised mammography screening program to all
counties in Tyrol. The organised program was estab-
lished in a smooth transition from an existing sponta-
neous mammography screening system, instead of
setting up a completely new screening system, and was

Table 1 Invitation system: Number of women invited and
participation rates

40-49 50-69 Total (40-69)

Women invited 56,888 63,552 120,440

Observed one-year participation rate 32.6% 30.6% 31.6%

Estimated one-year participation rate 37.1% 35.1% 36.1%

Observed two-year participation rate 55.1% 50.3% 52.5%

Estimated two-year participation rate 59.6% 54.8% 57.0%
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previously tested in a pilot phase comprising 40% of the
target population [3]. Although not all EU recommenda-
tions were followed, most quality indicators are in the
range of accepted/desired levels given by the EU guide-
lines [4]. The only parameter that clearly missed the EU
guidelines was the participation rate: the two-year

participation rate was 57% as compared to the 75%
recommended by the EU guidelines. In our opinion, a
cumulative participation rate of 57% after two years of
observation looks successful when compared to neigh-
bouring countries [10-12]. Nevertheless, it is not the
goal we aimed for.

Table 2 Additional ultrasound at screening

40-49 50-69 Total

Ultrasound following mammography screening 15,126 (80.9%) 17,196 (71.2%) 32,322 (75.5%)

Reason for ultrasound:

Breast density (ACR 3/4) 7,971 (52.7%) 6,806 (39.6%) 14,777 (45.7%)

Equivocal finding 1,801 (11.9%) 2,318 (13.5%) 4,119 (12.7%)

Other 5,354 (35.4%) 8,072 (46.9%) 13,426 (41.5%)

Table 3 Performance parameters

40-491) 50-691) Total1)

Recall for further assessment rate [per 1000 screens] and number of recalls2) 14.6 (273) 13.2 (318) 13.9 (591)

Intermediate screening test recommended in six months 18.9 (354) 12.1 (292) 15.1 (646)

Screening result unknown3) 2.8 (52) 1.9 (46) 2.3 (98)

Biopsy rate [per 1000 screens] 8.7 (163) 9.1 (220) 8.9 (383)

Cancer detection rate [per 1000 screens] 2.7 (51) 4.2 (102) 3.6 (153)

Invasive 2.5 (46) 3.9 (93) 3.3 (139)

In situ 0.3 (5) 0.4 (9) 0.3 (14)

Proportion of in situ cases 9.8% 8.8% 9.2%

Ratio screening breast cancer detection rate vs. background incidence rate4) 2.1 2.0 2.0

PPV assessment 18.7% (51/273) 32.1% (102/318) 25.9% (153/591)

PPV biopsy 31.3% (51/163) 46.4% (102/220) 39.9% (153/383)
1) Rates were rounded to one decimal; numbers in brackets are numbers of cases (i.e. recall rate, biopsy rate, cancer detection rate). PPV is rounded to one
decimal; numbers in brackets are detailed numbers for computing PPV.
2) For one case assessment was recommended, but performed at an institution outside the screening system.
3) Cases with BI-RADS 0 without assessment were treated as unknown.
4) Background incidence rate defined by years of diagnosis 1988-1992.

Table 4 Characteristics of invasive cancer cases

40-49 50-69 Total

Tumour size (mm): N = 133 13; 4-25 12; 1-35 13; 1-35

Median; range

Tumour size (mm):

< = 10 mm 14 (32.6%) 29 (32.2%) 43 (32.3%)

< = 15 mm 28 (65.1%) 63 (70.0%) 91 (68.4%)

11-20 mm1) 23 (53.5%) 42 (46.7%) 65 (48.9%)

> 20 mm 6 (14.0%) 19 (21.1%) 25 (18.8%)

Lymph node involvement 8 (18.6%) 19 (21.8%)1) 27 (20.8%)

Staging according to UICC

I 30 (69.8%) 55 (61.8%) 85 (64.4%)

II 13 (30.2%) 31 (34.8%) 44 (33.3%)

III 3 (3.4%) 3 (2.3%)

Notes: Of 139 invasive cancer cases, four cases were finally “in situ"; two invasive cancer cases did not undergo surgery because of metastatic status. Three cases
were without lymph node status because of neoadjuvant therapy and because we could not identify pretherapeutic TNM stage.
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The strengths of the Tyrolean breast cancer screening
program are its implementation and performance: we
were able to set up an organised population-based screen-
ing program within a short time with minimal additional
resources that shows good performance. In summary, the
recall for further assessment rate and the biopsy rate are
fairly low, PPV was good as compared to other programs,
only few open biopsies were performed, and despite the
lack of double reading the interval cancer rate of 20% of
the underlying BIR is rather good as compared to other
programs [10,13-15].
However, this study has several weaknesses. First, up

to now we have not implemented double reading as
recommended in the EU guidelines. Interestingly, perfor-
mance parameters and especially interval cancer rate
showed that also without double reading an acceptable
quality level was achieved. One reason could be the
extensive use of additional US, about three of four
women underwent additional US. The real benefit of US
in a population-based mammography screening program
is currently under discussion and has to be further evalu-
ated [16,17]. Calculation of the interval cancer rate is reli-
ant on the completeness of the Cancer Registry of Tyrol,
which covers the target population. Completeness of inci-
dence data in general has been shown to be very good
[3,18]. In order to be able to analyse interval cancer rates
for the screening program the timeliness of registration

of breast cancer was improved, and linkage between can-
cer registry data and screening data is based on pseudo-
nymising the social insurance number, which is read
electronically. In the meantime, we have also assessed
interval cancer in the time window 12 to 23 months for
the pilot phase of the Tyrol program, see [3], and found
five interval cancer cases in age group 40-49 (55% of BIR)
and seven interval cancer cases in age group 50-69 (33%
of BIR), data not shown.
Second, the average number of screens read by a radiol-

ogist in Tyrol per year (about 3200) does not meet the EU
recommendation of 5000. A recent publication [19]
showed that annual numbers below 5000 can still provide
good sensitivity and acceptable false-positive rates.
Third, we used BI-RADS categories instead of a single

yes/no rule for recall for further assessment. Some radiolo-
gists still use BI-RADS 0 (meaning unclear result) in a
small number of cases (0.2% of all screens), and 15 per
1000 screens were invited to an intermediate screening
test six months following a BI-RADS 3 screening result.
Due to this inconsistency, the current program includes
the following modifications: BI-RADS 0 is no longer
allowed and BI-RADS 3 is strictly associated with recall
for further assessment.
Many countries have run a mammography screening

program for decades or for a shorter time. On the other
hand, there are still some countries with no organised

Table 5 Waiting times

Invasive cancers

40-49 50-69 Total

Screening to assessment

≤ 5 wd 40 (87.0%) 86 (92.5%) 126 (90.6%)

6-10 wd 3 (6.5%) 3 (3.2%) 6 (4.3%)

> 10 wd 3 (6.5%) 4 (4.3%) 7 (5.0%)

Decision to operate to date of therapy

≤ 10 wd 42 (93.3%) 73 (83.9%) 115 (87.1%)

11-15 wd 1 (2.2%) 3 (3.4%) 4 (3.0%)

16-30 wd 1 (2.2%) 4 (4.6%) 5 (3.8%)

> 30 wd 1 (2.2%) 7 (8.0%) 8 (6.1%)

All screens except those ending in invasive cancers

40-49 50-69 Total

Screening to assessment

≤ 5 wd 162 (72.3%) 166 (75.1%) 328 (73.7%)

6-10 wd 17 (7.6%) 24 (10.9%) 41 (9.2%)

> 10 wd 45 (20.1%) 31 (14.0%) 76 (17.1%)

wd: working days

Table 6 Interval cancer rate within first year

40-49 50-69 Total

Interval cancer rate per 100,000 screens (number of cases in brackets) 26.7 (5) 37.3 (9) 32.7 (14)

Proportion of background incidence rate1) (in percent) 20.8% 17.8% 18.4%
1) based on years of diagnosis 1988-1990
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breast cancer screening program. For those countries
thinking of or already in the process of introducing a
mammography screening program, our manner of intro-
ducing an organised program can serve as one how-to
example. In our opinion, the greatest difference between
our approach and other approaches, especially compared
to Germany, is the smooth transition made from an
existing spontaneous program to an organised popula-
tion-based screening. We made use of the network of
screening and assessment units that had already been set
up during spontaneous screening and added an invitation
system covering the entire population of Tyrol, a screen-
ing database that allows quality indices to be monitored
and a well-defined training program for both screening
and assessment units. With this strategy we were able to
meet most EU quality indices within a very short time.

Conclusions
In Tyrol, Austria, an organised mammography screening
system realised in a smooth transition from an existing
spontaneous screening system was rolled out in a short
time. The high level of performance already observed in
the pilot phase has not changed after the first year of com-
plete rollout. Improvements suggested during the pilot
phase were affirmed after rollout: it will be necessary to
concentrate on efforts to improve the participation rate,
introduce double reading, change the rule for BI-RADS 3,
and reduce the number of additional ultrasound exams.

List Of Abbreviations
US: ultrasound, ÖRG: Austrian Radiology Association, ACR: American College
of Radiology, MRI: magnetic resonance imaging, BIR: background incidence
rate, PPV: posivite predictive value.
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Errors in Survival Rates Caused by Routinely
Used Deterministic Record Linkage Methods
W. Oberaigner
Cancer Registry of Tyrol, Department of Clinical Epidemiology of the Tyrolean State Hospitals Ltd.,
Innsbruck, Austria

Summary
Objective: It was the objective of this study to assess
the impact of applying various record linkage methods
to one of the most important outcome measures in
oncological epidemiology, namely survival rates.
Methods: To assess the life status of patients, incidence
data published by the Cancer Registry of Tyrol were
analyzed with three routinely used methods of record
linkage for incidence and mortality data. Of these
methods, two were deterministic and the third a proba-
bilistic method developed by the Cancer Registry of
Tyrol. We studied the impact of record linkage methods
on a simple measure (mortality rate) and a more com-
plex measure (relative survival rate). The analysis was
based on the published incidence data for Tyrol for
the years 1992 to 1996. Results of deterministic
record linkage methods were simulated.
Results: The error rates for simple mortality rate and
relative survival rate are considerable. For the first de-
terministic record linkage method, relative differences
in mortality rate range from 11.9% to 14.8% (men)
and 24.5% to 28.2% (women) and relative differences
in relative five-year survival from 11.4% to 16.3%
(men) and from 19.3% to 26.4% (women). For the
second deterministic record linkage method, relative
differences in mortality rate range from 4.8% to
5.9% (men) and from 4.9% to 7.4% (women), while
relative differences in relative five-year survival range
from 5.1% to 7.0% (men) and from 4.4% to 6.1%
(women).
Conclusions: Our study shows that in order to calculate
valid mortality and survival rates a probabilistic method
of record linkage must be applied.

Keywords
Record linkage, survival analysis, relative survival rate,
mortality rate
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Introduction
Survival rates are some of the most impor-
tant general outcome parameters in oncol-
ogy, reflecting improvements in early detec-
tion, diagnosis and therapy of cancer pa-
tients [1]. Most cancer registries routinely
report survival rates, and many publications
have reported survival rates of population-
based cancer registries, on both a national
and an international level. See for example
[1-4].

Computation of survival rates calls for a
method to assess the life status of every
cancer case at time of analysis. This can be
done either in an active way (this means the
registry must actively ask for the status of
every patient) or in a passive way (in most
cases by linking mortality data to incidence
data), see [2, 5]. Two kinds of error can
occur when using the passive method:
1) Homonym and synonym errors caused

by the record linkage method. This
means that a) date of death is not linked
to an incident case that in fact has died,
b) a date of death is linked to a case that
in fact is still alive, or c) a wrong date of
death is linked to a truly fatal case [6].

2) Errors caused by out-migrants. Usually,
at least in Austria, mortality data are
available only for the population covered
by the particular cancer registry. If a
cancer case leaves the population be-
tween date of incidence and date of
death, then she/he never dies from the
point of view of passive follow-up be-
cause the case is not included in the mor-
tality file of the population under study.

Whereas some countries use unique person
identifiers in various data sources and
record linkage can thus be based on such
an identifier (for example in Scandinavian
countries), many European countries do not

use a unique person identifier. Thus, record
linkage must be based on components iden-
tifying the patient, like last name, first
name, date of birth and so on.

In this situation, record linkage is a
nontrivial problem, see for example [7-13].
We can distinguish between deterministic
record linkage, meaning that two data
records are linked only when certain com-
ponents are completely identical in both
datasets, and probabilistic record linkage
procedures, which compute a probability of
identity and can also take into account er-
rors in registration, documentation or data
input [14]. For this reason, probabilistic
methods can link data even when there are
differences in certain components.

Various studies have been conducted on
homonym and synonym rates in connection
with record linkage studies; see for example
[6]. Our focus, however, was to assess the
direct impact of record linkage methods
on epidemiological measures. In epidemio-
logical studies, at least in countries where
there is no unique person identifier, assess-
ment of patient life status is often based on
record linkage and correctness of record
linkage affects survival rates. Hence, in ad-
dition to homonym and synonym rates, the
size of error caused by improper record
linkage methods is of great importance to
the epidemiological community.

It was the aim of this study to analyze the
impact by various routinely used linkage
methods on important epidemiological out-
come measures used in survival analysis.

Methods
We compared the effects of three methods of
record linkage for incidence and mortality
data. The study is based on the dataset of
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cancer incidence for Tyrol, which is one of
nine Austrian states. In Austria, cancer inci-
dence data are collected on a national level
by Statistics Austria, a government agency
entrusted with cancer registration by a law
passed in 1968. Because incidence data on
the national level did not reach sufficient
completeness and in order to make data
available at the regional level, so-called
local Cancer Registries were established in
some of the Austrian states between 1980
and 1990. Thus, in the state of Tyrol, cancer
incidence data are collected by the Cancer
Registry of Tyrol, which began work in
1986. Cancer data for the population of
Tyrol have been registered on a population
basis since 1988. Also since 1988, data have
been published in Cancer Incidence in Five
Continents [5, 15, 16], thus giving evidence
of the good completeness of our incidence
data.

In Tyrol, information on cancer cases is
obtained by means of a standardized ques-
tionnaire requesting sex, age, cancer site
and histology, date of diagnosis and stage.
Strict rules ensure that these variables are
collected in accordance with international
guidelines. Either the questionnaire is com-
pleted by a physician, or a Cancer Registry
clerk collects data directly from clinical
records in the treating hospital. Two in-
dependent databases are built up, one inci-
dence database and one so-called investi-
gation database that includes all informa-
tion on possible cancer diagnoses (mainly
pathology reports, but also information
from radiotherapy units and various other
data sources), thus allowing the registry to
check completeness.

The life status of cases is assessed pas-
sively by linking the incidence dataset and
the complete mortality file for the popu-
lation of Tyrol (collected by Statistics Aus-
tria); record linkage is routinely done with a
probabilistic method described in detail in
the next paragraph. In order to compare the
effects of applying three methods of rec-
ord linkage, we not only used the routine
method, but also simulated patient life status
according to two deterministic record link-
age methods widely used by Austrian regis-
tries. Our main goal was to study the impact
of applying various record linkage methods
to important epidemiological measures. For

this purpose we chose the mortality and
relative survival rates, which are among
the most important oncological outcome
measures.

Relative survival rates are used because
observed survival rates are influenced by
noncancer mortality. Hence, relative sur-
vival rates, derived as the ratio of observed
survival rates divided by the expected sur-
vival rates of subjects of corresponding
age and sex in the general population, re-
flect the “net survival” related to the cancer
of interest. In our analysis, the relative sur-
vival rates were estimated according to the
method of Hakulinen [17] and were com-
puted using the program Surv3 developed
by the Finnish Cancer Registry [18]. This
program uses two datasets, one describing
the general population mortality files and
the second describing patient data. By ap-
plying life table methods, both observed and
relative survival figures are obtained. Pa-
rameter files allow adjustment for various
conditions.

The first deterministic record linkage
method (in the following denoted Det1)
links persons if and only if last name, first
name, date of birth and sex are completely
identical, see Table 1. Date of death is added
to a case if and only if the components
listed above are identical in both datasets; in
all other situations the case is treated as
alive.
The second method (denoted Det2) has the
same definition with the only exception that
component first name is not taken into con-
sideration.

The third method (denoted Prob) is a
method developed by the Cancer Registry
of Tyrol [11]. This method is based on prob-
abilistic record linkage theory [14]. Using
the components last name, birth surname,
first name, date of birth, sex and municipal-
ity code or zip code, a probability of identity

is computed for every pair of persons (de-
noted p-val), also taking into account pho-
netic translations and documentation and
typing errors. The p-value is defined as the
weighted sum of the probability of indi-
vidual components, where the weight for a
component is defined by the logarithm of
the probability that the component is equal
for identical persons, divided by the prob-
ability that the component is equal for non-
identical persons. Detailed formulas can be
found in [11]. If p-val is greater than 0.95,
we assume without further checks that the
components describe the same person; for a
p-val smaller than 0.75 we assume, again
without further checks, that the components
describe different persons. A p-val between
0.75 and 0.95 calls for a decision on a case-
by-case basis. In general, this means further
information is needed to describe the per-
sons more precisely. No blocking tech-
niques were implemented, because the com-
puting times were short enough for our typi-
cal problems.

The analysis was based on the incidence
dataset of the Cancer Registry of Tyrol. For
organizational reasons, we decided to use
incidence data from the years 1992 to 1996.
Incidence data were published in Cancer
Incidence in Five Continents [16], and
relative survival rates were analyzed in the
framework of the EUROCARE study [1].
Incidence rates are in the range observed in
Central European countries, except for
prostate cancer. Since the introduction of
PSA testing beginning around 1990, pros-
tate cancer incidence rates are among the
highest in Europe. With few exceptions
relative survival rates are among the best
survival rates seen in Europe [1]. Survival
rates are influenced by several parameters,
of which therapy, diagnostic procedures and
availability of screening programs are im-
portant. Also, structural conditions, for

Table 1
Definition of record link-
age methods analyzed

Det1 Det2

Equality of
● last name
● first name
● date of birth
● sex

Equality of
● last name
● date of birth
● sex

Prob

Probability based on
● last name
● birth surname
● first name
● date of birth
● sex
● municipality code
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example volume size and academic status of
hospitals, influence survival rates at the
population level.

Results
Table 2 shows mortality rates classified by
sex and year of diagnosis. For men, mortal-
ity rates range from 49.7% to 66.0% (Prob),
43.7% to 57.0% (Det1) and 46.7% to 62.8%
(Det2) and for women from 46.9% to 55.6%
(Prob), 34.4% to 41.3% (Det1) and 43.7%
to 52.6% (Det2). The closure date for this
study was December 31, 2002. Patients
with earlier year of diagnosis are subject to
longer observation periods, and thus the
simple mortality rate is higher for the earlier
years of diagnosis. Mortality rates accord-
ing to Prob are higher than the rates obtained
with a deterministic method, because Prob

assigns a date of death even if single com-
ponents differ. Mortality rates according to
method Det2 are higher than for Det1, be-
cause Det2 has a less strict rule for adding
date of death than does Det1.

We also compute relative differences
when comparing Det1 or Det2 to Prob. For
Det1 relative differences range from 11.9%
to 14.8% for men and from 24.5% to 28.2%
for women, and for Det2 from 4.8% to 5.9%
for men and from 4.9% to 7.4% for women.

If we assume that Prob represents the
true survival rate, on average Det1 would
underestimate the mortality rate by approx.
13% (men) and approx. 26% (women),
while Det2 would underestimate the mortal-
ity rate for both sexes by approx. 5%-6%.

Results for relative five-year survival
rates are shown in Table 3. For men, relative
five-year survival rates range from 45.7% to
52.0% (Prob), from 53.0% to 58.1% (Det1)
and from 48.5% to 54.9% (Det2). For

women, relative five-year survival rates
range from 52.0% to 56.4% (Prob), from
65.8% to 67.3% (Det1) and from 54.5% to
59.3% (Det2). Relative differences for Det1
as compared to Prob range from 11.4% to
16.3% for men and from 19.3% to 26.4% for
women, while relative differences for Det2
as compared to Prob range from 5.1% to
7.0% for men and from 4.4% to 6.1% for
women. If we assume that Prob represents
the true survival rate, Det1 would overesti-
mate the relative five-year survival rate by
approx. 14% (men) and 22% (women) and
Det2 by 5-6% for both sexes.

Discussion
It was the aim of this study to assess the size
of error in mortality rate and relative sur-
vival rate caused by using deterministic

Table 2 Mortality rates for incident cancer cases in Tyrol, classified by sex and year of diagnosis

Men

Year of
Diagnosis

N

1992 1317

1993 1386

1994 1413

1995 1379

1996 1399
1) relative difference based on Prob

Prob

Rate

66.0

62.0

58.5

54.0

49.7

Det1

Rate

57.0

52.9

51.5

46.8

43.7

Diff 1)

13.6%

14.8%

12.0%

13.3%

11.9%

Det2

Rate

62.8

58.4

55.2

51.0

46.7

Diff 1)

4.8%

5.8%

5.7%

5.5%

5.9%

Women

N

1332

1267

1212

1175

1266

Prob

Rate

55.6

55.3

54.7

47.3

46.9

Det1

Rate

40.9

41.3

39.3

35.7

34.4

Diff 1)

26.4%

25.4%

28.2%

24.5%

26.8%

Det2

Rate

51.4

52.6

51.7

44.3

43.7

Diff 1)

7.4%

4.9%

5.4%

6.5%

6.9%

Table 3 Relative five-year survival rate for incident cancer cases in Tyrol, classified by sex and year of diagnosis

Men

Year of
Diagnosis

N

1992 1317

1993 1386

1994 1413

1995 1379

1996 1399
1) relative difference based on Prob

Prob

Rate

45.7

46.9

49.2

51.6

52.0

Det1

Rate

53.0

54.6

55.6

58.1

57.9

Diff 1)

15.9%

16.3%

12.9%

12.6%

11.4%

Det2

Rate

48.5

50.2

52.4

54.2

54.9

Diff 1)

6.0%

7.0%

6.5%

5.1%

5.7%

Women

N

1332

1267

1212

1175

1266

Prob

Rate

54.5

54.1

52.0

56.4

55.0

Det1

Rate

66.2

66.4

65.8

67.3

67.1

Diff 1)

21.4%

22.8%

26.4%

19.3%

22.0%

Det2

Rate

57.8

56.5

54.5

59.3

58.3

Diff 1)

6.1%

4.4%

4.8%

5.0%

5.9%
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record linkage procedures. Correctness of
record linkage is indeed a relevant problem,
because many studies in various medical
fields add status of patient or date of death
passively by linking patient data with mor-
tality files, see for example [19–22]. In this
situation, errors in record linkage bias sur-
vival and mortality rates.

Prob denotes a probabilistic record link-
age procedure developed by the Cancer
Registry of Tyrol. Possible errors occur-
ring when using Prob were systematical-
ly checked during implementation of the
method, resulting in negligible homonym
and synonym rates [11]. Consequently, it is
justified to measure error rates by compar-
ing results from deterministic methods with
those given by Prob.

Det1 and Det2 are record linkage meth-
ods routinely used in various registries (per-
sonal communication). It is well known that
deterministic record linkage procedures
cause errors, namely false-positive and
false-negative results, which raises the
question why deterministic methods are still
in use. The main reason for applying deter-
ministic record linkage is that this method
needs no further interaction. In contrast,
when using probabilistic record linkage un-
clear cases must be decided on a case-by-
case basis, which calls for additional time or
financial resources. Also, methods for de-
terministic record linkage can be pro-
grammed with very simple tools, which
may contribute to their rather wide use.

For the cancer registry dataset, results
obtained with deterministic methods were
reconstructed based on the criteria defining
the deterministic methods. The error rates
for Det1 and Det2 are plausible, because the
deterministic methods use strict rules for
equality of components like name and date
of birth, and deterministic methods cannot
deal with documentation and typing errors
that occur in practical situations.

Likewise, it is plausible that Det1 gener-
ates much higher error rates than does Det2,
because Det2 does not require equality of first
names. This is the reason why error rates be-
tween men and women are of comparable size
for Det2, but Det1 shows huge gender differ-
ences. When looking at these results for the
first time, we hypothesized that this dis-
crepancy is due to problems with first name.

Indeed, a detailed look at pairs of persons
linked by Det2 and not by Det1 showed
that in the majority of cases the first names
differed.

Our results depend on the specific deter-
ministic procedures used for comparison. It
should be noted that both methods analyzed
are frequently used in practice. The litera-
ture shows some rather sophisticated pro-
cedures for deterministic record linkage
used mostly in English-speaking countries
[23], and some reports [24-26] conclude
that deterministic record linkage procedures
can provide results with sufficient accuracy.
It is self-evident that all such comparisons
strongly depend on the method used for de-
terministic record linkage and to some ex-
tent on the language the names originate in.
Also, it should be remembered that our re-
sults depend on first names, and, in fact, the
structure of first names in the German lan-
guage is more complicated that in English.
Also, some degree of the problem could be
specific to Austria, because when building
up the mortality data file, the first name is
taken from official documents, whereas
most hospital records, which provide the
basis for medical data, use the person’s
habitual first name (in Austria’s rural re-
gions it is customary for people, especially
older people, to have and use a nickname in
place of their official first name; official
mortality data use the official first name).

One might ask whether these results also
hold for other languages. The discriminat-
ing power of first names and last names de-
pends to some extent on the language. The
majority of last names are German-lan-
guage names, so our results hold only for
German-language names or German-speak-
ing countries. Since the structure of Ger-

man-language names is comparable in all
German-speaking countries, we can assume
a similar magnitude of error for all datasets
with mainly German-language names when
using these deterministic linkage methods.
Also, our probabilistic method implements
transformations specific for the German
language.

We would like to address a further Aus-
tria-specific aspect, namely immigrants
who came to Austria in recent decades
mainly from the formerYugoslavia and Tur-
key.This group now accounts for about 10%
of the population of Tyrol. Up to now, the
specific age structure of the immigrant
group means that cancer rates are still low
for immigrants. In the future, however, we
expect more and more cancer patients with
non-German-language names, which will
cause severe problems for two reasons.
First, we expect a different discriminating
power, especially for Turkish names, and
second, a large part of the secretarial staff
in hospitals and registries has no knowl-
edge of the structure of non-German lan-
guages and names, which means that typing
and “listening” errors are more likely to
occur.

Finally, we would like to stress that con-
clusions depend very much on the overall
targets of record linkage projects. For
example, for administrative purposes [27]
or when adding medical records to existing
cancer registry data [28], a sensitivity of
about 95% or less is usually accepted. How-
ever, for epidemiological studies like sur-
vival studies, synonym rates can have clear
consequences on study outcome, as shown
by our analysis.

The Introduction addressed the out-
migrant rate as the second error source for
the passive follow-up procedure. The out-
migrant rate for Tyrol is assessed period-
ically by the Department of Statistics for
Tyrol. Table 4 shows the results for the year
1999, classified by age and sex. We see that,
in general, out-migrant rates for the popu-
lation of Tyrol were smaller than 2% for
both sexes. In addition, in the age classes
relevant for cancer mortality, namely below
19 and above 65, out-migrant rates are 1%
and lower. We thus conclude that out-
migrants play a minor role in cancer sur-
vival rates in Tyrol. However, these figures

Table 4 Out-migrant rate for the population of Tyrol
for the year 1999, classified by age and sex

Age group Men

0–19 0.91%

20–44 2.67%

45–64 1.17%

65–84 0.45%

≤85 0.33%

Total 1.63%

Women

1.16%

2.17%

0.76%

0.36%

0.28%

1.33%
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are specific for Tyrol and possibly do not
hold for other Austrian states.

Conclusion
We analyzed the effect of two deterministic
methods of record linkage on mortality rates
and relative survival rates. The differences
as compared to a well-established probabi-
listic record linkage method were consider-
able. Overestimation of survival rate was
up to 15% for men and 25% for women
when using Det1 and 5-6% when using
Det2, each as compared to Prob. This analy-
sis clearly shows that in order to calculate
valid survival results, a probabilistic method
of record linkage must be applied. Out-
migrants in Tyrol have minimal influence
on mortality rates and survival rates and
can thus be neglected.
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Allogeneic or autologous stem cell
transplantation (SCT) for relapsed and
refractory Hodgkin's disease and
non-Hodgkin's lymphoma: a single-centre
experience

Nachbaur D, Oberaigner W, Fritsch E, Nussbaumer W, Gastl G.
Allogeneic or autologous stem cell transplantation (SCT) for relapsed
and refractory Hodgkin's disease and non-Hodgkin's lymphoma: a
single-centre experience.
Eur J Haematol 2001: 66: 43±49. # Munksgaard 2001.

Abstract: Purpose of the study: The aim of the study was to evaluate
which patient might bene®t most from allogeneic stem cell transplan-
tation (SCT) in the treatment of relapsed and/or refractory lymphoma.
Patients and methods: Thirty-eight consecutive lymphoma patients
receiving either autologous (n=24) or allogeneic (n=14) stem cell grafts
at our institution from 1986 to 1998 were retrospectively analysed
regarding overall survival (OS), disease-free survival (DFS), transplant-
related mortality (TRM), and relapse incidence (RI). Uni- and multi-
variate analyses were performed to identify patient characteristics
predictive for outcome after SCT. Results: The probabilities of OS, DFS,
TRM, and relapse were 57%, 51%, 29%, and 30% following autologous
and 43%, 43%, 29%, and 38% following allogeneic SCT. Disease status
(sensitive versus refractory) and the time interval between diagnosis and
SCT were the most powerful predictive parameters for OS and TRM,
whereas elevated serum LDH levels were signifcant in determining
relapse. Conclusions: In patients with elevated serum LDH levels and
bone marrow involvement at the time of transplantation allogeneic was
superior to autologous SCT and resulted in better outcome due to a
lower relapse incidence strongly suggesting the existence of a graft-
versus-lymphoma effect.
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High-dose chemo/radiotherapy with autologous
stem cell rescue offers a reliable chance of long-
term disease-free survival for patients with relapsing
or refractory Hodgkin's disease (HD) or non-
Hodgkin's lymphoma (NHL) who otherwise have
a poor prognosis (1±4). During the past decade
several studies have demonstrated the relative
effectiveness of this approach and its advantages
over conventional-dose salvage regimens in selected
patients (5±9). In contrast, allogeneic SCT is used
only sporadically because of its higher TRM and
the risk of developing acute and/or chronic graft-
versus-host disease (GVHD) (10±17). Potential
graft-versus-lymphoma (GVL) effects associated

with allogeneic SCT are supposed in some series
but warrant con®rmation by prospective, rando-
mized trials (18±21). To de®ne better the role of
allogeneic SCT in the management of poor-risk
lymphoma we here report on our experience
obtained in 38 consecutive patients transplanted
at our institution from 1986 to 1998.

Patients and methods

Patients

Between 1986 and 1998, 38 patients (HD, n=14;
NHL, n=24) received either autologous (n=24) or
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allogeneic, HLA-identical (n=14) stem cell grafts.
Preference was generally given to an allograft when
patients were candidates for both types of graft. All
patients were classi®ed as having poor prognosis
de®ned as either primary refractory or achieving
only partial recovery (PR) after initial standard
treatment, or as disease relapsing within one year
from diagnosis after achieving complete remission
(CR) following initial chemotherapy, or as patients
with second or subsequent relapse. Patients with
NHL were classi®ed according to the updated Kiel
classi®cation and patients with HD according to the
Rye classi®cation (22, 23). Patient characteristics
are detailed in Tables 1 and 2.

Preparative regimens and stem cell infusion

For patients with previous dose-limiting radiation
therapy the standard preparative regimen was high-
dose cyclophosphamide, carmustine, and etoposide
(CBV, consisting of 100 mg/kg CY, 15 mg/kg
BCNU, and 60 mg/kg etoposide) followed by
either autologous (n=15) or allogeneic (n=2) SC
infusion (24). Patients without prior dose-limiting
radiotherapy received a combination of high-dose
CY (100 mg/kg), etoposide (60 mg/kg), and fractio-
nated TBI (fTBI, 12 Gy, given in six fractions over
three consecutive days) followed by either allogeneic
(n=6) or autologous (n=9) SCT. Standard high-
dose CY(120 mg/kg) plus fTBI (12 Gy) was given
prior to ®ve allogeneic and one autologous SCT.

One patient received a combination of BU (8 mg/
kg), CY (100 mg/kg), and single-dose TBI (10 Gy)
followed by allogeneic stem cell infusion.

Allografted patients received a median of 3.41
(range 2.1±6.2)r108/kg BM nucleated cells from
their HLA-identical sibling donors and autografted
patients were reinfused with a median of 0.37 (range
0.19±0.47)r108/kg BM plus a median of 2.52 (range
0.18±4.34)r108/kg PBMC obtained by means of
steady-state leukapheresis (n=9). Since 1995
patients undergoing autologous SCT were reinfused
with either o4.0r108/kg unmodi®ed PBMC or
o2.0r106/kg immunoselected (Cell-Pro) CD34+
hematopoietic stem cells mobilised with either high-
dose CY (4±7 g/m2, n=12) or DHAP (n=3) plus G-
CSF according to recently published standard
procedures (25).

Relapse prophylaxis

Patients with radiological (CT scan) evidence of
localised disease at the time of SCT underwent
involved-®eld irradiation (20±30 Gy) starting as
soon as possible within the ®rst three months after
hematopoietic regeneration.

Supportive care including graft-versus-host disease prophylaxis

Patients receiving autologous SCT were treated
under strict reverse isolation without laminar air-
¯ow. Patients receiving allografts were nursed in

Table 1. Patient characteristics I

Allogeneic SCT (n=14) Autologous SCT (n=24)

Median age (yr, range) 35 (16±48) 41 (16±55)

Female:male ratio 6:8 7:17

Primary diagnosis

Hodgkin's disease 5 (36%) 9 (37%)

Non-Hodgkin's lymphoma 9 (64%) 15 (63%)

Low-grade 2 (22%) 8 (53%)

High-grade 7 (78%) 7 (47%)

Median time from diagnosis to SCT (months, range) 17 (3±62) 26 (6±117)

Disease status at SCT

Sensitive 6 (43%) 15 (62%)

Refractory/progressive 8 (57%) 9 (38%)

Number previous lines of treatment

1±2 8 (57%) 9 (38%)

o3 6 (43%) 15 (62%)

Time from diagnosis to SCT

f3 yr 11 (79%) 15 (62%)

>3 yr 3 (21%) 9 (38%)

Serum LDH levels at SCT

f240 IU/L 11 (79%) 19 (79%)

>240 IU/L 3 (21%) 5 (21%)

Bone marrow involvement at SCT

No 10 (71%) 17 (71%)

Yes 4 (29%) 7 (29%)

Age at SCT

f40 yr 11 (79%) 11 (46%)

>40 yr 3 (21%) 13 (54%)
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laminar air¯ow rooms from the beginning of the
conditioning regimen until hematopoietic regenera-
tion. No prophylactic systemic antibiotics were
administered. All patients underwent a non-absorb-
able oral gut decontamination with vancomycin,
gentamycin, and nystatin. Pneumocystis carinii
prophylaxis was performed with trimethoprim-
sulfamethoxazole given in a 10-d course before
transplantation and after the take. Cytomegalovirus
(CMV) pneumonia prophylaxis consisted of infu-
sions of CMV hyperimmunoglobulin (Cytotect,
Cutter, 1 ml/kg) every other week until day +100.
Irradiated (25 Gy), leukocyte-depleted and CMV-
negative red cells and platelet transfusions from
single donors were administered when hemoglobin
levels were 7.0 g/dL or less and platelets were 20 G/L
or less. To accelerate hematopoietic regeneration
G-CSF (5 mg/kg/d) was given to 3/14 (21%)
allografted and to 22/24 (92%) autografted patients
starting on the day after SC infusion.

GVHD prophylaxis consisted of cyclosporine A
(CsA) alone (n=11) or in combination with short-
course methotrexate (MTX) according to the
Seattle protocol (n=3). Grading and treatment of
acute and chronic GVHD was performed according
to the standard Seattle criteria and protocols.

Statistics

Survival analyses were performed according to the
method of Kaplan and Meier (26). Overall
survival (OS) was calculated from the date of
SCT to the date of death from any cause or day
of last follow-up. Disease/progression free survival
(DFS) was calculated from the date of SCT to the
date of documented disease relapse/progression.
Transplant-related mortality was de®ned as the
probability of death without relapse or disease
progression. For two patients receiving a second
graft (one autologous and one allogeneic) because
of disease progression/relapse after autologous

SCT the unit studied was the patient and the
censored data correspond to the date of the last
contact for each patient according to the recently
published European Group for Blood and
Marrow Transplantation (EBMT) statistical
guidelines (27).

Univariate analysis of the following parameters
was performed using the log-rank test and SPSS
software to identify patient characteristics predic-
tive for outcome after SCT: diagnosis (HD vs.
NHL), stem cell source (allogeneic vs. autologous),
disease status at the time of SCT (SD vs. RD/PD),
conditioning regimen (TBI-containing vs. chemo-
therapy alone), number of previous lines of
treatement (1±2 vs. o3), BM involvement at the
time of SCT (yes vs. no), and serum LDH levels at
the time of SCT (f240 IU/L vs. >240 IU/L). For
the variable ``age'' the median age (40 yr) of the
whole study population was chosen as cut-off. For
the variable ``time interval between diagnosis and
SCT'' an interval of 3 yr was chosen because the
greatest difference in overall survival was observed
between patients receiving a transplant within or
beyond this time frame.

Multivariate analysis was performed using Cox's
proportional hazards model. The factors examined
were the same as those included in the univariate
analysis.

Results

Hematological engraftment, overall survival (OS), and disease-

free survival (DFS)

All but four patients dying too early because of
regimen-related toxicity and/or infection engrafted
(de®ned as the ®rst day with a persistent leukocyte
count >1.0 G/L) after a median of 16 d (range 12±
29) following allogeneic and a median of 15 d
(range 9±37) following autologous SCT.

Table 2. Patient characteristics II

Allogeneic SCT (n=14) Autologous SCT (n=24)

Median observation time following SCT (months, range) 18 (0±132) 25 (0±154)

Median follow-up for patients alive (months, range) 106 (39±132) 45 (11±154)

Conditioning regimen

CBV 2 15

CY/fTBI 5 1

BUCY/TBI 1 0

CY/VP-16/fTBI 6 8

TBI-containing 12 (86%) 9 (38%)

G-CSF after Tx 3 (21%) 22 (92%)

Median days until leukocytes >1.0 G/L (range) 16 (12±29) 15 (9±37)

GVHD prophylaxis

CsA 11 ±

CsA/MTX 3 ±
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The probability of OSt95% con®dence interval
(CI) for all patients was 51t8% with an actuarial
survival at 3 yr of 57t11% vs. 43t13% following
autologous vs. allogeneic SCT (Fig. 1) and a
disease/progression-free survival of 51t10% vs.
43t13%.

The most powerful predictive parameters for
survival following SCT were disease status and time
interval from diagnosis to SCT (pf0.05, log-rank
test, Fig. 2 and Table 3). Younger age, non-TBI-
containing conditioning, normal serum LDH levels,
and absence of bone marrow involvement were also
associated with improved survival but did not reach
statistical signi®cance (Table 3).

Allogeneic SCT was superior to autologous SCT
only in patients with elevated serum LDH levels
>240 IU/L (overall survival 33t27% vs. 20t18%,
difference not signi®cant) and BM involvement at
the time of SCT (overall survival 75t22% vs. 0%,
p=0.091) mainly due to a lower RI.

For HD patients, OS following allogeneic vs.
autologous SCT was 40t22% vs. 67t15%. For
patients with NHL, survival following allogeneic
and autologous SCT was 44t17% and 47t15%,
respectively. Overall survival following autologous

SCT was 42t21% for patients with low-grade
lymphoma vs. 57t16% for high-grade lymphoma.

Survival for patients with sensitive disease
receiving allografts and autografts was 67t21%
and 78t18%, respectively, whereas survival in
patients with refractory disease was only 25t13%
following allo- and 22t12% following autotrans-
plantation (differences not signi®cant). Also for all
other variables listed in Table 3 survival was not
different between auto- and allotransplantation.

Relapse incidence (RI) and graft-versus-host disease (GVHD)

The probability of relapse/progression (t95% CI)
at 3 yr for the entire study cohort was 34t9%, with
a RI of 38t15% vs. 31t11% following allogeneic
vs. autologous SCT (Fig. 1).

The only factor signi®cantly determining RI was
serum LDH level with a signi®cantly higher RI in
patients with elevated serum LDH levels (71t23%
vs. 25t9%, p=0.048, Table 3). Also patients with
refractory disease had a higher RI (51t17% vs.
25t10%), but this did not reach statistical sig-
ni®cance (Fig. 2, Table 3).

Fig. 1. Probabilities of overall survival (OS), relapse/progression and transplant-related mortality following autologous (A) or
allogeneic (B) stem cell transplantation for poor-risk lymphoma.

Fig. 2. Probabilities of overall survival (OS), relapse/progression and transplant-related mortality following stem cell
transplantation for poor-risk lymphoma with sensitive (A) or refractory/progressive disease (B).
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There was a trend for a lower RI following
allotransplantation in patients with elevated serum
LDH levels (33t15% vs. 73t22% for autologous
transplantation, difference not signi®cant) and in
patients with BM involvement (0% vs. 47t15% for
autologous transplantation, difference not signi®-
cant). We also observed a trend for a lower RI in HD
patients following allotransplantation (33t27% vs.
43t19% following autologous SCT), whereas for
NHL patients the incidence of relapse following
allogeneic SCT was even higher than following
autologous SCT (43t19% vs. 24t12%), but there
were more high-grade lymphomas in the allogroup
(78% vs. 47%). For none of the variables listed in
Table 3 was relapse incidence signi®cantly different
between allo- and autotransplantation.

Acute GVHD (aGVHD) grades I±II developed
in 7/14 allografted patients after a median of 22 (1±
27) d. None of the patients developed aGVHD
grades III±IV or died due to GVHD, and only one
patient had laboratory signs of limited chronic
GVHD of the liver requiring prolonged administra-
tion of CsA. Interestingly, 4/7 allografted patients
without aGVHD died of relapse/progression,
whereas none of the allografted patients with
evidence of aGVHD relapsed within the study
period.

Transplant-related mortality (TRM) and causes of death

Eighteen patients died within the observation
period. The causes of death in the allogroup were
relapse/progression (n=4), viral interstitial pneu-
monitis (n=3), and septical multiorgan failure
(n=1), whereas in the autogroup three patients
died of relapse/progression, six patients due to
infectious complications and one patient died of
cardiac toxicity.

Sensitivity of disease and disease duration were
the only variables associated with a signi®cantly
lower TRM following SCT (Table 3).

As shown in Fig. 1, TRM was similar following
allogeneic and autologous SCT. There was a trend
for a higher TRM in patients with HD receiving
allografts (40t22% vs. 22t14% following auto-
logous SCT, difference not signi®cant).

For all other variables listed in Table 3 no
signi®cant differences in TRM between allogeneic
and autologous SCT were observed.

Discussion

In accordance with other reports, sensitive disease
was the most powerful predictive parameter for
survival after SCT for poor-risk lymphoma (2±5,

Table 3. Uni-(log-rank test) and multivariate (Cox model) analysis of prognostic variables for overall survival, relapse incidence, and transplant-related mortality following SCT

for poor-risk lymphoma (n=38)

Overall survival (OS) Relapse incidence (RI) Transplant-related mortality (TRM)

Prognostic variables

Patients

at risk (%tSD) Log-rank

Cox

model

Odd's

ratio (%tSD) Log-rank

Cox

model

Odd's

ratio (%tSD) Log-rank

Cox

model

Odd's

ratio

Type of SCT

Autologous 24 56t11 31t11 29t11

Allogeneic 14 43t13 0.42 0.4814 1.70 38t15 0.7652 0.7392 1.40 29t12 0.8138 0.1882 4.70

Age at SCT

f40 yr 22 59t10 34t11 23t9

>40 yr 16 36t14 0.361 0.8742 0.90 34t14 0.8779 0.9848 1.00 44t18 0.5154 0.6121 0.70

Diagnosis

Hodgkin's disease 14 57t13 39t15 29t12

Non-Hodgkin's lymphoma 24 48t11 0.6499 0.6351 1.40 31t10 0.7989 0.7858 1.30 30t11 0.8649 0.2611 0.20

Conditioning

Chemotherapy 17 64t11 29t12 18t9

TBI-containing 21 42t11 0.2439 0.4392 1.60 38t12 0.639 0.9757 1.00 37t12 0.3191 0.3043 2.60

Disease status at SCT

Sensitive 21 75t10 25t10 12t8

Refractory/progressive 17 24t10 0.0003 0.0099 7.80 51t17 0.189 0.4205 2.30 49t12 0.0033 0.034 19.00

Previous lines of treatment

1±2 17 50t13 33t12 30t14

o3 21 51t11 0.8839 0.424 0.50 34t13 0.8014 0.738 0.70 29t10 0.687 0.08 0.10

Time from diagnosis to SCT

f3 yr 26 60t10 30t9 19t8

>3 yr 12 33t14 0.0438 0.0724 3.90 49t20 0.8014 0.925 1.10 50t14 0.013 0.016 34.80

Serum LDH levels at SCT

f240 IU/L 30 58t10 25t9 26t9

>240 IU/L 8 25t15 0.0714 0.8949 0.90 71t23 0.048 0.1896 3.60 43t19 0.456 0.3029 0.50

BM involvement at SCT

No 27 59t10 36t10 19t8

Yes 11 34t15 0.2108 0.6096 0.70 27t17 0.5689 0.1923 0.20 52t18 0.0966 0.4976 2.60
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14, 15, 21). Additionally, our data demonstrate that
a shorter disease duration was associated with
favourable outcome, indicating that high-dose
chemotherapy with stem-cell support should be
offered early to patients with relapsing and/or
refractory lymphoma. As suspected, for both
variables the better outcome resulted from a
signi®cantly lower transplant-related mortality not
only following autologous but also allogeneic SCT.

To date there is no answer to the question of
which lymphoma patient should receive and would
bene®t most from allogeneic SCT if both treatment
modalities are available. Although there is some
evidence supporting the concept of a graft-versus-
lymphoma (GVL) effect at least in selected
subgroups, so far no prospective study has proved
any survival advantage of allogeneic over auto-
logous SCT because of a higher procedure-related
mortality (10, 18±21).

Although in our study differences between auto-
and allotransplantation with regard to any of the
variables tested by uni- and multivariate analysis
were statistically not signi®cant because of the small
patient numbers in the individual subgroups, the
improved survival due to a lower relapse incidence
following allotransplants in patients with elevated
serum LDH levels and bone marrow involvement at
the time of SCT supports the hypothesis of a GVL
effect. Whether such an effect also exists in
Hodgkin's disease as supposed from the lower RI
found in HD patients receiving allografts remains to
be shown. Irrespectively, the fact that none of the
allografted patients developing clinical GVHD
relapsed compared with 4/7 patients without
GVHD strongly argues in favour of the existence
of either tumor-speci®c (tumor antigen-directed) or
unspeci®c (minor antigen-directed) antitumor
effects mediated by the graft. Interestingly, in
contrast to other published series we did not ®nd
a higher treatment-related mortality following
allografting with the exception of HD patients,
but this difference did not reach statistical sig-
ni®cance (18, 20, 21). Nonetheless, treatment-
related mortality remains high and accounted for
50% of all deaths in the allogroup and for 70% of all
deaths in the autogroup, and was de®nitively only
acceptable in patients with sensitive disease.
Whether graft manipulation by either T-cell deple-
tion or CD34+ selection with or without graded
T-cell add-back can overcome these shortcomings
at least in the allogeneic setting of SCT without any
negative effect on relapse/progression or infectious
complications remains to be seen (28).

Disease relapse/progression is the second major
factor contributing to treatment failure following
both types of SCT. All but one relapsing patient

receiving a second autologous transplant died
within weeks to months due to progressive disease,
requiring alternative treatment strategies for those
patients. Donor lymphocyte infusions (DLI) alone
or in combination with chemotherapy might work
after allogeneic SCT as shown by some recent
reports but are far from being successful in all
relapsing patients (29, 30). Recurrence after auto-
logous SCT might be effectively salvaged by
allogeneic or a second autologous SCT with
acceptable toxicity, but long-term outcome remains
poor (31, 32).

In conclusion, our results support the existence of
a graft-versus-lymphoma effect and identify
patients with elevated serum LDH levels and
bone marrow involvement as those patients who
might bene®t most from allogeneic SCT when using
standard procedures. The results, however, are
preleminary and must be interpreted with caution
due to the small patient number unless they have
been con®rmed by larger prospective, randomized
studies. Recent advances especially the introduction
of alternative, less toxic treatment modalities such
as non-myeloablative conditioning will help to
reduce toxicity and to clarify the mechanisms
involved in graft-versus lymphoma effects and will
inevitably increase the number of allogeneic trans-
plants in the treatment of malignant lymphoma (33,
34).
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Abstract

Background. Regional variability in the incidence of
end-stage renal disease (ESRD) in Austria is reported.
Our aim was to investigate the reason for low rates in
the state of Tyrol.
Methods. ESRD incidence data were obtained from
the Austrian Dialysis and Transplantation Registry.
Additional sources were two health interview surveys,
the Hospital Discharge Registry, the Mortality
Registry and the Drug Wholesale Registry.
Results. Between 1995 and 1999, 4811 new cases of
ESRD were recorded; the state of Tyrol (T) had a
mean annual, age-adjusted incidence of 97.9/1 000 000
population [95% confidence interval (CI) 86.9–109.1],
a number significantly lower than that for the rest
of Austria [(RA), 120.9 (95% CI 116.9–124.5);
P<0.001]. This was due mainly to a difference in
the incidence of ESRD patients with type 2 diabetes
mellitus [(DM-2) T¼ 12.2 (95% CI 8.2–16.2) vs
RA¼ 28.9 (95% CI 27.2–30.6); P<0.001]. When
these patients were excluded, the difference in the
overall ESRD incidence disappeared. When data
from various registries were analysed for the
prevalence of DM, a highly significant correlation
was found between ESRD incidence and DM.
Conclusion. We conclude that the variability in the
ESRD incidence in Austria is explained mainly by
regional differences in DM-2. Data from similar
studies might be useful for predictions concerning
resource allocation for ESRD programmes in the
future.

Keywords: Austria; diabetes; end-stage renal disease;
epidemiology; incidence

Introduction

The first successful haemodialysis treatment of a
patient with acute renal failure was performed by W.
J. Kolff more than 50 years ago. Since then, medical
advances have made this procedure a practical mode
of therapy for chronic end-stage renal disease
(ESRD). During the last two decades, a dramatic
increase in the use of renal replacement therapy
(RRT) has been observed worldwide [1,2], which has
made the treatment of ESRD a significant public
health burden in several developed countries [3]. The
reason for this phenomenon is not entirely clear, but
ageing of the population, improved overall survival
and increase in numbers of patients at higher risk for
the development of ESRD (e.g. diabetes and severe
cardiovascular disease) may play a great role.
Even though the number of ESRD patients is

increasing worldwide, a considerable regional varia-
bility has been reported [2–6], and a better under-
standing of this fact might help to develop preventive
measures to reduce the burden of ESRD on a large
scale and also facilitate advance allocation of health
care resources. In contrast to the USA, where ethnic
diversity greatly influences ESRD susceptibility [7],
studies in more homogeneous populations might
provide additional valuable information. The
Austrian Dialysis and Transplantation Registry has
reported areas such as the state of Tyrol with
consistently low ESRD incidence [8]. Using this and
other demographic databases, we attempted to test
the following hypotheses, which could explain this
observation:

(i) Real lower incidence, regional variability in the
incidence of ESRD comparable with a variability
in diseases that lead to ESRD.

(ii) Missed patients, e.g. by an insufficient diagnosis
of renal disease.

(iii) Reduced patient/physician acceptance into RRT.

Correspondence and offprint requests to: Florian Wimmer, MD,
Division of Nephrology, Innsbruck University Hospital,
Anichstrasse 35, 6020 Innsbruck, Austria. Email: fwimmer@
yahoo.com
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(iv) Lack of treatment facilities.
(v) Early patient death from other causes before

RRT becomes necessary.

Subjects and methods

Data sources

The primary data source for our study was the Austrian
Dialysis and Transplantation Registry [8]. Since 1964, this
Registry, which is run by the Austrian Society of
Nephrology, has been collecting data provided by the 64
dialysis and transplantation centres in Austria on all
patients with ESRD treated for at least 3 months. New
patients (regardless of whether initial therapy was haemo-
dialysis, peritoneal dialysis or transplantation) between
January 1, 1995 and December 31, 1999 were identified.
The home address at commencement of ESRD therapy,
which was identified in 97.5% of all cases, was used to
locate the state of residence of each patient [Vienna (Vie),
Lower Austria (LA), Upper Austria (UA), Styria (ST),
Burgenland (B), Carinthia (C), Salzburg (S), Tyrol (T)
and Vorarlberg (V)]. The mean ESRD incidence per year
was calculated using the average of the 5-year study period
for Tyrol and for all of Austria without Tyrol [rest of
Austria (RA)].
The Austrian Dialysis and Transplantation Registry also

receives data on the renal disease which led to ESRD. These
diagnoses are grouped into eight categories which were used
for analysis: vascular nephropathy, nephropathy associated
with type 1 or type 2 diabetes mellitus, glomerulonephritis,
kidney disease of unknown origin, interstitial nephritis/
pyelonephritis, hereditary kidney disease and others (e.g.
systemic lupus erythematosus, Goodpasture’s syndrome,
multiple myeloma, etc.).
The Austrian Federal Institute of Health provided

information on the capacity of the dialysis centres in all
nine Austrian states for the year 1998. Furthermore, the
driving time between the patient’s home address and the
nearest dialysis facility was also calculated by the Austrian
Federal Institute of Health [8].
The National Health Interview Survey (NHIS) covers the

prevalence of chronic diseases, the extent of disability and the
use of health care services. Data obtained during the 1991 [9]
and 1995 [10] surveys were used.
The National Hospital Discharge Registry (NHDR) was

screened for the years 1994–1998 to determine hospital
admissions due to specific diseases using the International

Classification of Diseases, Ninth Revision (ICD-9) [11].
Numbers are direct age-adjusted rates per million popula-
tion (p.m.p.). In addition, data from the National Mortality
Registry (MORT), which compiles and codes information
on all deaths in Austria, was used for the years 1994 and
1995 [12].
From IMS-HEALTH AUSTRIA, one of the world’s

biggest market research institutions, data about the sale of
specific categories of drugs (e.g. oral hypoglycaemic agents) in
public pharmacies in each state were obtained (National Drug
Wholesale Registry, provided by U. Scheithauer, IMS
HEALTH AUSTRIA. Vienna, 2000). The numbers used
herein represent units p.m.p. for the year 1999 (one unit
corresponds to �100–120 pills).
Data about the percentage of the population with a

body mass index (BMI) >30 were received from Kunze
et al. [13].

Statistical analysis

Data are expressed as mean respective rates with a 95%
confidence interval (CI).
For better comparability with other countries directly, age-

standardized rates were computed according to the usual
definition [14]. Age categories were defined as 0–14, 15–29,
30–44, 45–64, 65–74 and 75þ years. Weights were derived
from the Austrian population in the year 1997. All
computations were carried out with the SPSS programming
language, which is suitable for computation of age-
standardized rates (SPSS 10.0, SPSS Inc., Chicago, IL).
Significance tests for difference of age-standardized rates

were based on Mantel–Haenszel score statistics [14]. We
report the significance of rate differences by adapting the
Bonferroni correction for the �-level which is known to be
very conservative; therefore, we also present P-values.
Correlation between the incidence of ESRD due to type 2

diabetes mellitus (DM-2) and wholesale oral hypoglycaemic
sales with respect to the percentage of the population with a
BMI >30 kg/m2 was analysed by using a weighted linear
regression model; weights were defined by population sizes.
We report R2-factor and P-value.

Results

Between January 1, 1995 and the end of December
1999, 4811 new cases of treated ESRD were recorded
in Austria. Table 1 summarizes data on the number
of new ESRD cases, the numbers for each age group

Table 1. Summary registration of ESRD incidence 1995–1999 in Tyrol and rest of Austria (RA)

State No. of cases Age category Age-standardized incidence
rate (95% CI) p.m.p.

0–14 15–29 30–44 45–64 65–74 þ75

Tyrol 298 3 23 41 101 79 51 97.9 (86.8–109.1)
1% 7.7% 13.8% 33.9% 26.5% 17.1%

RA 4513 33 176 488 1676 1342 798 120.9 (117.4–24.5)*
0.7% 3.9% 10.8% 37.1% 29.7% 17.7%

*Significant vs Tyrol (P<0.001, P<0.01 after Bonferroni correction).
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and the mean annual age-adjusted incidence for Tyrol
(T) and the rest of Austria (RA), which consists of all
states with the exception of Tyrol.
As can be clearly seen, a large regional difference

was observed, with an incidence rate of 97.9 (95% CI
86.8–109.1) in T in comparison with 120.9 (95% CI
117.4–124.5) for RA (P<0.001, P<0.01 after
Bonferroni correction).
Additionally, we analysed the ESRD incidence rate

for T and RA according to the main groups of
renal diseases causing terminal renal insufficiency as
defined by the Austrian Society of Nephrology
(Table 2). There were significant differences with
regard to the incidence of patients with DM-2
[T¼ 12.2 (95% CI 8.2–16.2) vs RA¼ 28.9 (95% CI
27.2–30.6), P<0.001, P<0.01 after Bonferroni
correction] and vascular nephropathy [T¼ 10.3 (95%
CI 6.6–14.0) vs RA¼ 18.1 (95% CI 16.7–19.5),
P¼ 0.002, P<0.05]. In contrast, other renal diseases
had a similar frequency throughout Austria. When
patients with DM-2 were excluded from the analysis,
the incidence of ESRD patients was identical in T and
RA [T¼ 85.7 (95% CI 75.7–95.7) vs RA¼ 92.1 (95%
CI 88.9–95.1), P¼ 0.289].
From these data, we attempted to verify whether

the low incidence of ESRD patients with DM-2 in
Tyrol can be explained by a lower frequency of this
disease in the general population. As can be seen
from Table 3, each data source screened revealed a
lower rate of diabetes mellitus in Tyrol as compared
with the rest of Austria. Furthermore, we carried out

a weighted linear regression model between the ESRD
incidence rate and the wholesale oral hypoglycaemic
sales for each of the nine Austrian counties; for this
an R2

¼ 0.59, P¼ 0.026 was found (Figure 1).
When data on BMI for Austria were obtained from

Kiefer et al. [13], a weighted linear regression between
the prevalence of a BMI >30kg/m2 and the
incidence rate of ESRD patients with DM-2 was
also significant (R2

¼ 0.47, P¼ 0.041) (Figure 2).

Discussion

Epidemiological studies have long been used to aid
public health investigations by identifying geographic
areas of elevated incidence of disease, from John
Snows’ cholera survey to recent investigations of
cancer, stroke or myocardial infarction clusters. So
far, only a few studies have dealt with the issue of

Table 2. End-stage renal disease incidence 1995–1999 according to primary renal disease in the rest of Austria (RA) and Tyrol (p.m.p.)

RA Tyrol P-value

Total 120.9 (116.9–124.9) 97.9 (86.9–11.0) 0.001**

DM-2 28.9 (27.2–30.6) 12.2 (8.2–16.2) <0.001**

Vascular nephropathy 18.1 (16.7–19.5) 10.3 (6.6–14.0) 0.002*

Glomerulonephritis 16.8 (15.5–18.1) 15.3 (11.0–19.6) 0.589
Unknown origin 15.8 (14.5–17.1) 15.4 (11.0–19.8) 0.857
Interstitial nephritis 13.9 (12.7–15.1) 11.9 (8.1–15.7) 0.424
Hereditary kidney disease 8.6 (7.79–9.4) 6.5 (3.7–9.3) 0.197
DM-1 7.3 (6.4–8.2) 10.8 (7.2–14.4) 0.034
Others 11.2 (10.2–12.2) 13.7 (9.8–17.6) 0.204
Without DM-2 92.1 (89.0–95.2) 85.7 (75.7–95.7) 0.289

*P<0.05, **P<0.01 after Bonferroni correction.

Fig. 1. Incidence of end-stage renal disease due to diabetes mellitus
type 2 and wholesale oral hypoglycaemic sales in 1999 (p.m.p.) for
Austria’s nine states.

Table 3. Frequency of diabetes mellitus in Tyrol and the rest of
Austria (p.m.p.)

County NHIS 91 NHIS 95 NHDR MORT DRUG

Tyrol 11 830 13 000 3941 165 195 291
RA 16 790 24 220 4533 218 275 175

NHIS 91, National Health Interview Survey 1991; NHIS 95,
National Health Interview Survey 1995; NHDR, National Hospital
Discharge Registry 1994–1998; MORT, National Mortality
Registry 1994–1995; DRUG, National Drug Wholesale Registry
1999, oral hypoglycaemic agents.
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regional differences in the incidence of ESRD.
Relman et al. [15], studying the US population,
considered patient selection by doctors to be largely
responsible for marked variations. Another study by
Rosansky et al. [4] stratified the various states of the
USA for differences in race, gender and age
composition, and performed several regression ana-
lyses. This study mainly showed that states with
relatively low rates of ESRD treatment tended to
have fewer diabetic nephropathy cases, which was
also suggested by two other studies [5,6].
The Austrian Dialysis and Transplant Registry

consistently reports remarkable regional variability in
new patients for RRT in Austria, a small country
with a quite homogeneous population. The lowest
incident patient rates are reported for Tyrol. It could
be possible that the regional variability in ESRD is
paralleled by a variability in the prevalence of
diseases that lead to ESRD such as diabetes mellitus
(real lower incidence). However, several other factors
might also be involved such as missed patients due to
failure to diagnose renal disease, patient or physician
reluctance to accept RRT as a treatment option, a
lack of dialysis facilities that would limit access, or
early patient death before ESRD has developed.

Real lower incidence

As an initial step, we categorized the incident ESRD
patient population in Tyrol and the rest of Austria
according to eight main diagnostic groups as defined
in the questionnaire drawn up by the Austrian Society
of Nephrology, and this clearly showed that the
observed difference was due mainly to a lower

incidence of patients entering RRT with the diagnosis
of DM-2. We then proceeded to evaluate whether the
finding of a low prevalence of DM-2 is confined only
to the dialysis population. As no diabetes registry is
available in Austria, we had to rely on several
other data sources, which included two National
Health Interview Surveys (NHIS 1991 and 1995), the
National Hospital Discharge Registry (NHDR),
the National Mortality Registry (MORT) and the
National Drug Wholesale Registry (DRUG). These
registries provide estimates of the frequency of
diabetes at different levels of the health care system.
The National Health Interview Survey reports the
participant’s self-perception of disease. The National
Drug Wholesale Registry covers patients receiving
medication, the National Hospital Discharge Registry
records patients discharged from hospitals with a
specific ICD-9 code, and the National Mortality
Registry identifies subjects suspected of having died
from complications related to a disease. It was very
convincing for us to find that all these different
sources showed a uniform situation, with Tyrol
having low rates of diabetes mellitus, e.g. the
prevalence rate stated in the two National Health
Interview Surveys gives a number of 11 831/p.m.p. for
1991 and 13 000 for 1995 for the Tyrolean population
reporting diabetes, in comparison with the Austrian
average of 16 787 (1991) and 24 216 (1995) (Table 3).
However, even though all these data show a picture

of low diabetes rates in Tyrol, several limitations have
to be mentioned. One might argue that the National
Drug Wholesale Registry cannot be used to calculate
the actual number of patients treated. As far as the
results of our study are concerned, however, one
would have to assume that patients in various parts
of Austria are prescribed different numbers of pills
for treatment of diabetes. This seems quite unlikely.
Under-reporting of diabetes in all presented data
could influence the result of our study, but we assume
that this presents more a nationwide problem and thus
should not affect state-specific differences. We are
also aware of the potential pitfalls of diagnosing
DM-2 nephropathy. In the majority of patients with
DM-2, it is undoubtedly classical Kimmenstiel–
Wilsons’s glomerulosclerosis which leads to ESRD,
but primary renal diseases such as glomerulonephritis,
ischaemic nephropathy, etc. may occur more fre-
quently than expected by chance. However, on the
other hand, the prevalence of DM-2 probably could
be underestimated.
How can we explain low diabetes rates in Tyrol? The

prevalence of DM-2 is partly determined by genetic
factors [16] but, unlike in the USA, where racial and
cultural differences affect the incidence of ESRD [7],
the Austrian population seems to be relatively
homogeneous and no study until now has identified
genetic isolation in Tyrol, an area where the majority of
the population lives in mountainous areas.
On the other hand, obesity has been shown to be

one of the most important factors triggering DM-2
[17]. Kiefer et al. [8] demonstrated a regional

Fig. 2. Incidence of end-stage renal disease due to diabetes mellitus
type 2 and percentage of the population with a BMI >30kg/m2 for
Austria’s nine states.
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variability in the distribution of subjects with a BMI
>30 kg/m2 in Austria, which paralleled our data on
DM-2-associated ESRD (Figure 2). The National
Health Interview Survey of 1991 also showed Tyrol
to be the state with the highest percentage of
persons (50.8%) in Austria who take regular physical
exercise [9].
Nonetheless, other factors might also contribute to

a regional variability in RRT incidence, and we also
tried to assess their importance.

Insufficient diagnosis

Insufficient diagnosis of renal disease in general might
also influence RRT incidence, as suggested by several
authors [6]. However, a search of the National
Hospital Discharge Registry for diseases such as
glomerulonephritis, nephritis and/or infectious kidney
diseases showed the number of hospital stays in Tyrol
(1560/year p.m.p.) to be identical to that for the rest
of Austria (1562/year p.m.p.) (P>0.05).

Reduced acceptance into RRT

Sekkarie et al. [18] suggested that the extent of co-
morbidity could influence a physician’s decision to refer
a patient to RRT. The Austrian Dialysis and
Transplant Registry collects data on patients who
have undergone at least 3 months of RRT. If ‘sick’
patients were indeed excluded from RRT in Tyrol, one
would expect the mortality rate for these 3 months to be
much lower than in the rest of Austria. However, in
Tyrol, 5.61% of ESRD patients die within 90 days of
initiation of RRT, a figure similar to that observed in
the rest of Austria (7.52, P>0.05). Another hypothesis
states that the distance to the nearest dialysis facility
could affect patients’ reluctance [19], but a study
showed that almost all patients in Austria could reach a
unit by car within 40min [8].

Lack of facilities

Data obtained from the Austrian Federal Institute of
Health demonstrate that dialysis capacity in Tyrol is
much higher than in the rest of Austria [8], which
excludes a lack of access to dialysis treatment due to
limited health care resources. Additionally, since all
costs for ESRD care in Austria are covered by public
health insurance, we feel that socio-economic reasons
cannot explain regional variabilities.

Early death

Finally, it has been suggested that patients die from
other causes before reaching ESRD [20]. Data on

cardiovascular mortality in general show that this
rate in Tyrol is �15% lower than the Austrian
average [12].
The aim of the present study was to identify factors

involved in the development of renal failure for
possible use in a preventive programme. We show
here that the low incidence of RRT in Tyrol can be
explained mainly by low rates of DM-2. As the
population in Tyrol has the lowest percentage of
persons with a BMI >30 kg/m2 and the highest
percentage taking regular physical exercise in Austria,
our findings suggest that general health care
preventive measures are able to reduce target organ
diseases significantly.
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Abstract To evaluate the long-term outcome of dose
density chemotherapy in the treatment of aggressive
lymphoma, we analyzed 142 patients with untreated
aggressive lymphoma. Chemotherapy was an eight-drug
regimen given in weekly intervals in two prospective
trials. The median observation period was 8 years; the
longest follow-up was 13 years. Overall survival at 8 years
was 0.583. The 8-year survival of patients ≤60 years was
significantly better than that of older patients, namely

0.713 vs 0.304 (p=0.000000697). This excellent survival
of patients aged ≤60 years was identical for high-risk and
high-intermediate-risk patients compared with low-risk
and low-intermediate-risk patients in the age-adjusted
international prognostic index (IPI). The excellent long-
term results of the CEOP/IMVP-Dexa regimen (cyclo-
phosphamide, epirubicin, vincristine, and prednisone/
ifosfamide with systemic mesna, methotrexate, etoposide,
and dexamethasone) for patients aged ≤60 years suggest
that this regimen might be superior to the standard CHOP
regimen (cyclophosphamide, doxorubicin, vincristine, and
prednisolone) and needs to be tested in comparison to
high-dose regimens and novel approaches including
antibody treatment.

Keywords Lymphoma . Large-cell lymphoma . Drug
therapy . Antineoplastic combined chemotherapy
protocols

Introduction

Aggressive non-Hodgkin’s lymphoma (NHL) is a fatal
disease. Survival depends on the histological subgroup
[20] and the international prognostic index (IPI) [19]. The
CHOP regimen (cyclophosphamide, doxorubicin, vincris-
tine, and prednisolone) is the current standard in first-line
treatment of aggressive lymphoma. Despite a high remis-
sion rate, more than 50% relapse and will eventually die.

So far it has not been possible to show that more
intensive standard dose regimens achieve better survival
than CHOP [12]. CEOP/IMVP-Dexa (cyclophosphamide,
epirubicin, vincristine, and prednisone/ifosfamide with
systemic mesna, methotrexate, etoposide, and dexameth-
asone) is a multidrug dose density regimen with weekly
chemotherapy. It is a hybrid of a CHOP-like regimen fused
with IMVP-16. In order to maintain a high-dose density,
the doses were not reduced as long as neutrophil counts
were higher than 1.0 G/l. With this regimen we were able
to achieve a high remission rate, a long time to treatment
failure (TTF), and a long time to relapse (TTR) [13]. These
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are excellent surrogate markers for the outcome of
treatment in aggressive lymphoma. However, overall
survival is the most important endpoint. Another concern
is long-term toxicity in terms of secondary cancer, which
can occur up to 25 years after therapy [17].

Our trials were based on the hypothesis that dose
density is an important factor in curing aggressive
lymphoma. We started our trials in 1988 and followed
this concept over three consecutive trials. After a median
observation period of 8 years, the results of the first two
trials seem to be stable with no further decrease in the
outcome.

Materials and methods

One hundred forty-two patients from two consecutive
trials were pooled for this analysis. In the first study, a
phase 2 trial from October 1988 to March 1991, we
assessed the feasibility, toxicity, and efficacy of this new
dose-dense regimen in a multicenter setting [13]. From
this study two patients were excluded because of human
immunodeficiency virus (HIV)-positive serology. The
patients of the second trial (July 1991 to November
1995) were randomized to receive CEOP/IMVP-Dexa
with and without filgrastim [14]. The patient population
was comparable with inclusion and exclusion criteria
identical to the first trial. The endpoint was febrile
neutropenia. There was no difference between the two
randomized groups in respect of remission rates, TTR,
TTF, and survival. Inclusion and exclusion criteria, staging
modalities, toxicity, and details of the chemotherapy
regimen have been published elsewhere [13, 14]. Both
studies were done according to the Helsinki Declaration;
the local Ethics Committees of the participating centers
approved them. All patients signed a confirmed consent.
All patients had a previously untreated aggressive lym-
phoma. The chemotherapy regimen is outlined in Table 1;
no intrathecal prophylaxis was given. Irradiation to
residual lymphoma or to regions with bulky disease at
diagnosis was allowed and was given on discretion of the
treating physician. The longest observation is 13 years; the
median observation time for living patients is 8 years.

The median age of the patients was 52 years (range: 19–
72 years). Forty-eight patients (33.8%) were >60 years.
The number of patients in the low-risk, low-intermediate-
risk, high-intermediate-risk, and high-risk groups accord-

ing to the IPI were 71 (50%), 34 (24%), 25 (18%), and 12
(8%), respectively. Of the 142 patients, 22 (15.5%), 51
(35.9%), 24 (16.9%), and 45 (31.7%) had stage 1, 2, 3,
and 4 disease, respectively. Histologies were centrally
reviewed. Diffuse large-cell lymphoma was found in 116
patients (81.46%), lymphoblastic B in 5, Burkitt-like in 1,
and anaplastic large cell 0-cell primary systemic type in 3
patients. Seventeen (12%) patients had a lymphoma of the
T-cell phenotype, two lymphoblastic T, nine peripheral T-
cell, and six anaplastic large cell T-cell primary systemic
type.

Biostatistics

All eligible patients were included in the analysis. Survival
estimates were calculated by the Kaplan–Meier method.
Comparison of survival between the different risk groups
was done by the log-rank test, between remission rates or
other events by the κ2-test.

The TTR and the TTF were defined as proposed by
Dixon et al. [9]. Briefly, survival included all eligible
patients and counted all deaths as events. TTF was the
time from registration until relapse, progression, toxic
death, withdrawal, or the date the patient was last known
to be alive, excluding deaths from unrelated causes. TTR
was the time from registration until relapse or the date the
patient was last known to be alive, including only
complete responses (CRs) and counting only relapses as
events.

For comparison of the occurrence of second primaries in
the study with the expected rate of malignancies in a
normal population, an age-adjusted and sex-adjusted
sample was used.

Results

One hundred nine patients (76.8%) achieved a complete
(CR) and 22 (15.5%) a partial response (PR). Stable
disease (SD), and progression (PD) during therapy, was
observed in three patients each. Five patients were not
evaluable for response, four because of early death and
one patient because of loss to follow-up. The mean dose
intensity was 74% of the planned dose.

Fifty-four patients (38%) have relapsed to date. Twenty-
five (46.3%) relapsed within an originally involved site,

Table 1 Chemotherapy regi-
men CEOP/IMVP-Dexa

Cyclophosphamide 750 mg/m2 i.v. 30 min Day 1
Epirubicin 70 mg/m2 i.v. 2 h Day 1
Vincristine 1.4 mg/m2 i.v. push Days 1+8
Prednisolone 100 mg p.o. Days 1–5
Ifosfamide 2000 mg/m2 i.v. 30 min. Days 15–17
Uromitexan 400 mg/m2 i.v. push at 0, 4, and 8 h after ifosfamide Days 15–17
VP-16 100 mg/m2 i.v. 2 h Days 15–17
Dexamethasone 40 mg p.o. Days 15–19
Methotrexate 800 mg/m2 i.v. 4 h Day 22
Ca folinate 15 mg/m2 p.o. every 6 h Days 23–25
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12 (22.2%) within an originally involved site and within
an originally uninvolved site, and 11 (20.4%) within an
originally uninvolved site. For six patients the site of
relapse was unknown. Only two patients had a relapse in
the central nervous system (CNS). Of the relapsing
patients, 27 (50%), 13 (24%), 6 (11%), 3 (5.6%), and 4
(4.7%) relapsed in the 1st, 2nd, 3rd, 4th, and 5th to
8th year, respectively. The only relapse after 8 years
occurred as late as 12 years after study entry. Biopsy
results of relapses were not systematically collected. All
relapses from which we know that they had a biopsy were
of the same histological subtype as the first manifestation.

Fifty-five patients have died: 39 (70.9%) of lymphoma,
10 (18.2%) of toxicity, and 6 (10.9%) due to unrelated
causes. The treatment-related death rate was 7%. Eight of
ten toxic deaths occurred in patients >60 years
(p=0.01667), most of them in the first cycle. IPI score at
diagnosis had no influence on toxic deaths (Table 2).
Acute toxicity has been reported elsewhere [13, 14].

In 980 patient years, six second primaries occurred. One
carcinoma of the bile duct occurred 20 months after entry
to the study and the patient died 3 months later. One
esophageal carcinoma occurred 42 months after entry and
the patient died 52 months later of the tumor. One patient
developed a melanoma 6 years after entry into the study,
but was lost to follow-up thereafter. One patient was
nephrectomized because of a right-sided renal cell carci-
noma 90 months after entry to the study. He was free of
disease 50 months after the nephrectomy. In one single
patient two cancers developed. First, a papillary thyroid
cancer 92 months after study entry developed. A thyroi-
dectomy and therapy with radiolabeled iodine were done.
The patient was cured from this disease. Consecutively,
chronic myeloid leukemia developed 140 months after
entry to the study. He was treated with imatinib and
hydroxyurea thereafter, never achieved a hematological
remission, and died 37 months after the diagnosis of
chronic myeloid leukemia. No other long-term toxicities
were observed.

Table 2 Toxic deaths

Age (years) Histology IPI No. of risk factors No. of days after entry Cause of death

69 DLBCL Low 1 11 Pneumonia
59 DLBCL High 4 12 Neutropenic fever
66 DLBCL Low-intermediate 2 14 Pulmonary embolism
72 DLBCL High 4 22 Cardiopulmonary failure
63 DLBCL Low 1 29 Neutropenic fever
64 Peripheral T-cell High 3 30 Urosepsis
63 DLBCL Low 1 51 Colitis, pneumonia
62 DLBCL High-intermediate 3 63 Pneumonia
52 DLBCL Low 0 121 Pneumonia
68 DLBCL Low-intermediate 2 133 Pneumonia

Fig. 1 Overall survival in
months. Dotted lines 95% CI
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TTR at 8 years for patients with CR was 0.619 [95%
confidence interval (CI): 0.53–0.72]. The TTF at 8 years
was 0.536 (95% CI: 0.457–0.63). Overall survival at 3, 5,
and 8 years was 0.695 (95% CI: 0.623–0.777), 0.648 (95%
CI: 0.572–0.7340), and 0.583 (95% CI: 0.503 – 0.665),
respectively (Fig. 1).

CR rates for patients ≤60 years were not significantly
higher than those for patients >60 years (81.9 vs 66.7%,
p=0.25). Overall survival at 8 years for patients ≤60 years
was 0.713 (95% CI: 0.662–0.816). In patients >60 years
the overall survival was only 0.304 (95% CI: 0.192–

0.453). This difference was highly significant
(p=0.000000697) (Fig. 2). This difference may be due to
several reasons. Only 4 of 16 patients dying of causes
other than lymphoma were >60 years. Remissions in
elderly patients are not as stable as in younger patients
[19]. Salvage regimens are more effective in younger
patients; especially high-dose therapy is preferably used in
patients ≤60 years of age. Patients in the high-risk IPI
group had a significantly worse survival than patients in
the other groups. However, there was no difference in
overall survival in patients ≤60 years with 0 or 1 point vs 2

Fig. 2 Overall survival in
months according to age

Fig. 3 Overall survival in
months according to the age-
adjusted IPI for patients ≤60
years [19]. Low=IPI low and
low-intermediate (0 or 1 risk
factor), high=high and high-in-
termediate (2 or 3 risk factors)
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or 3 points according to the age-adjusted IPI (Fig. 3). In
terms of TTF for younger patients the IPI did not make a
difference (Fig. 4). For older patients there seems to be a
difference, but the patient numbers in the different groups
was too low to reach statistical difference (Fig. 5). There
was no statistically significant overall survival difference
between the different histological subgroups (data not
shown).

Discussion

A long follow-up is necessary to assess the final value of a
treatment regimen in aggressive lymphoma. The results
are mature and the final value of this dose density therapy
can be assessed. In our analyses 15% of relapses occurred

after 3 years of follow-up. This compares well with the
outcome of other dose-intense regimens [10, 16].

Patients >60 years had an unacceptably high toxic death
rate and did not seem to benefit from this regimen (Fig. 2).
Treatment options other than dose density should be used
for older patients. Targeted therapy may be one of these
strategies [6].

CNS recurrence is common in advanced aggressive
NHL. The treatment recommendations for CNS disease
are radiotherapy, intrathecal therapy, or intravenous high-
dose methotrexate [11]. Usually a methotrexate dose
higher than 800 mg/m2 is necessary to reach adequate
levels in the CNS. However, only two CNS relapses
occurred in our patients although no intrathecal prophy-
laxis was given. This is remarkable because 79 patients
had stage 3 or 4 and were, therefore, at risk for a CNS
relapse. High-dose dexamethasone may have played a role
in the low CNS relapse rate. Recently, a lower CNS
relapse rate could be found for dexamethasone over
prednisone in a randomized trial in children with lympho-
blastic leukemia [4].

Second malignancies are a serious concern for all
antineoplastic therapies [17]. According to estimates, a
cohort of normal persons comparable to the patients
treated in our studies would experience 8.8 second
malignancies. However, in the present study we encoun-
tered six second malignancies. Although the rate of second
malignancies is lower than expected for a normal popu-
lation, even lower incidence rates of 2.75% are described
for other dose intensive regimens such as the ACVBP of
the GELA Group [1]. It was surprising that we had no
patient with myelodysplastic syndrome or acute myeloid
leukemia. This may be just by chance because of the low
number of patients in comparison to other reports [1].

Fig. 4 Time to treatment failure
for patients ≤60 years according
to age-adjusted IPI (low=0, low-
intermediate=1, high-intermedi-
ate=2, and high=3 risk factors)

Fig. 5 Time to treatment failure for patients ≤60 years according to
IPI (low=0–1, low-intermediate=2, high-intermediate=3, and
high=4–5 risk factors)
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Although comparisons of different trials are prone to
several biases, CEOP/IMVP-Dexa with an overall survival
of 58% may be better than the long-term results of the
CHOP regimen [12, 8, 2]. An even better survival was
observed for patients aged ≤60 years, including those in
the high-risk and high-intermediate-risk groups of the age-
adjusted IPI [19] [(Figs. 2, 3)]. For these patients, high-
dose chemotherapy with stem cell support has proven to
be without any benefit in the majority of the trials [7].
Similarly, dose intensification after incomplete chemo-
therapy could not improve the results [15]. The same is
true for dose intensification in slowly responding patients
[21]. However, several lines of evidence point to a role of
early dose intensification [3, 5]. The German Non-
Hodgkin’s Lymphoma Study Group reported a significant
improvement of the CR rate and the 5-year event-free
survival but not for overall survival by adding etoposide to
the CHOP regimen for patients ≤60 years of age with a
normal lactic dehydrogenase (LDH) level [18]. These
studies are supported by our data, where patients ≤60 years
in the high-risk and intermediate-high-risk groups accord-
ing to the age-adjusted IPI [19] achieved a long-term
survival rate as good as that of the low-risk patients
receiving dose density therapy (Fig. 3).

Several biases can influence comparisons between
different trials. To prove the superiority of CEOP/IMVP-
Dexa, we recently finished accrual to a randomized trial
with standard CHOP. Final results are pending.
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