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Publishable executive summary 

Summary description of project objectives 

The objective of the RACE project is to evaluate the risk of ischemic heart disease among 
women treated with radiotherapy for breast cancer. It has been known for some 10-15 years 
that women with breast cancer, particularly left sided breast cancer, who receive 
radiotherapy are at an increased risk of myocardial infarction. The dose-response 
relationship has however not been clear. In addition, the possible modifying effects of factors 
such as tobacco use and chemotherapy have not been elucidated. Previous studies have 
focussed on vascular mortality (rather than incident cardiovascular events). The latter is 
more appropriate in light of the improved prognosis for acute myocardial infarction in the last 
decade. 

The RACE project has convincingly shown that there is a substantially increased risk of 
ischemic heart disease following breast cancer and that the risk increases with increasing 
dose. Yet to be identified is the dose level at which the risk becomes large enough to be 
clinically significant and how other factors such as tobacco use and chemotherapy modify 
this risk. 

 

Co-ordinator contact details 

Professor Per Hall, Principal Investigator (Per.Hall@ki.se) 

Ann Almqvist, Senior Project Administration Manager, WP leader management 
(Ann.Almqvist@ki.se) 

Department of Medical Epidemiology and Biostatistics 

Karolinska Institutet 

P.O. Box 281 

SE-171 77  STOCKHOLM 

SWEDEN 

Fax: +46-8-314975 

 

WORK PERFORMED 

We have been using the remarkable resources available in Denmark and Sweden to identify 
women with breast cancer through the national cancer registries, medical records from the 
national health care systems and cardio-vascular events from the cause of death and / or 
hospital discharge registers. In addition we have in detail calculated the heart doses for each 
of the included women. The project thus consists of three parts, a cohort study, a nested 
case-control study and a dosimetric study.  

COHORT STUDY 

Cohorts of women with breast cancer have been established in both Denmark and Sweden. 
These cohorts have been matched to the national cause of death and hospital discharge 
registries in the two countries for identification of patients with ischemic heart diseases.  
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Table 1. Number of women in the cohort study, stratified by country and reason for exclusion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The data sets were sent to Oxford for analyses. In a first phase we studied the risk of 
cardiovascular disorders contrasting left and right-sided breast cancer. In this so called 
cohort phase we have retrieved information on a total of 98,307 women, 58,988 from 
Denmark and 39,382 from Sweden (Table 1).  
Reason for lower number of Swedish women is that Sweden, in contrast to Denmark, does 
not have a nation wide register of breast cancer patients that holds detailed information on 
therapy. The Swedish data includes the regional registries of Stockholm and Umeå counties 
where this important information is given. 

 
Table 2. Cause of death in relation to if radiotherapy was given, number of deaths and 
mortality ratio, comparing irradiation against left and right breast.  

 

 

 

 

 

For each of these women we were able to retrieve detailed information on therapy, with 
radiotherapy being of primary interest, laterality of the tumour (on which side the cancer was 
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detected), whether the cancer was benign or not, if the patient had immigrated/emigrated, 
death certificate data and age at diagnosis. As given in Table 1, we excluded 26,236 
patients, totalling 72,236 women participating in the study. 

In all, 4,788 of the women died from a circulatory disease, 3,191 from a heart disease and 
1,597 from other circulatory diseases, mainly stroke (Table 2). 

As can be seen from Table 2 there is no influence of laterality on cause of death. In contrast, 
for those women who received radiotherapy, there is a significant 23% increased risk of 
dying from acute myocardial infarction (AMI) if having a left sided breast cancer. 

As stated above, the remarkable improvements in therapy and thereby survival of patients 
with cardio-vascular disorders have made mortality studies less efficient in that few patients 
die from their disease. 

The Danish and Swedish registers give us a unique possibility to study not only death from a 
circulatory disease but hospitalisation for these disorders. The total number of individuals 
diagnosed with a circulatory disease is 16,006, more than 3 times that of the number of 
women dying form cardio-vascular disorders (Table 3). Again there is no difference in risk of 
being hospitalised, comparing left and right sided breast cancer, in those patients not 
receiving radiotherapy. For women receiving radiotherapy there is a significant 17% 
increased risk of an acute myocardial infarction, when comparing left sided and right sided 
cancers. There seems to be no increased risk of stroke (relative risk = 1.00) and there is no 
obvious reason why laterality should influence the risk of stroke. 

We have complied all data for the cohort study and a draft manuscript is being prepared. 

 

Table 3. Hospitalisation for a circulatory disease in relation to if radiotherapy was given, 
number of women hospitalised, event ratio, comparing irradiation against left and right 
breast.  

 

 

 

 

NESTED CASE – CONTROL STUDY 

In a second phase, we have conducted a nested case-control study. From the cohorts 
described above, cases (women with breast cancer and an ischemic heart disease, n≈1000) 
and controls (women with breast cancer only, n≈1000) have been identified. Web- and PC-
based questionnaires have been created and abstraction of case and control information 
form hospital oncology records is ongoing. 

During the study period we did the following; 
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1. Selected cases and controls from both countries using stringent criteria on out come 
and exposure. 

a. All patients had to be treated with radiotherapy. Reason for this design is that 
we are interested in what dose increases the risk of an ischemic heart 
disease, not if ionising radiation causes ischemic heart disease, this risk is 
already established. 

b. Secondly, it could be that women with a prior heart problem is not given 
radiotherapy which leads to a selection bias that could even show ionising 
radiation to have a protective effect. 

2. Established questionnaires for extracting data from the medical records.  

a. The questionnaires were transformed into an Oracle database for key-
entering data via the web.  

b. Abstractors was hired and trained. The same routines have been used in both 
Denmark and Sweden.  

3. All information was sent to Oxford for analyses and the first results was generated.  

 

Each of the case records were carefully read and relevant information entered into a 
database, common for the two countries. Information included tumour characteristics and 
administered therapy, focusing on radiotherapy but also including chemo- and hormonal 
therapy. We also abstracted information on previous disorders, current medication and 
smoking status. 

In Figure 1 a-c are given examples of some of the information gathered and the web based 
questionnaire used. As can be seen, inclusion criteria was the first thing that the abstractors 
had to evaluate. A patient not fulfilling the criteria was not included but the reason why was 
noted. Five percent of all patients were key entered twice by two separate research nurses 
and the concordance was found to be high. 

Figure 1a-c. Some of the pages of the software for abstracting information from the case 
records. 

a) 

 

 

 

b) 
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c) 

 

The project was delayed and we received a no cost extension of the contract. There are 
several reasons for the delay. The major reason was that the preliminary analysis of the 
cohort data revealed the need for a change in the inclusion/exclusion criteria since the 
definition of a cardio-vascular event was not stringent enough. This meant re-matching the 
data set, incorporating the information that had already been collected into the new matching 
scheme and altering the database to take this into account.  

A second reason was that in the original design of the study we assumed that there would be 
no increase in heart disease during the first 10 years after irradiation. To our surprise, 
preliminary analysis of the cohort data revealed that there was an increased risk of a cardiac 
event within the first 10 years of a diagnosis of breast cancer. We wanted to include these 
early events in the study and this meant re-selecting and adding cases and controls to the 
study.  

The amount of time needed to identifying the records of women eligible for the study is larger 
than we had anticipated. This is explained by the study design, i.e. only women who received 
radiotherapy are included. In fact, approximately one third of the women diagnosed with 
breast cancer received radiotherapy, which is a considerably smaller proportion than we 
expected. Therefore a larger number of hospital records have to be scrutinized to obtain the 
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number of women needed for the study. We asked for and were granted a 15-months no-
cost extension to be able to finalize data collection and analyses.  

 

DOSIMETRY STUDY 

Our aim is to identify the radiation dose necessary to induce cardio-toxicity and to identify 
factors that influences the cardio-toxic effect. These factors could be tobacco use, previous 
cardiac disorders and other therapeutic regimes such as chemotherapy. In order to obtain 
accurate risk estimates valid cardiac doses are crucial.  

Our aim is to identify a dose level where the risk of an ischemic heart disease is less likely to 
cause cardiac harm. For both cases and controls we will reconstruct heart doses in detail. 
We will also scrutinise the medical records for information on other treatments, previous 
disorders, and life style factors. 

We have spent a substantial amount of time establishing a methodology to obtain accurate 
heart doses and in estimating doses and biologically effective doses to the heart and the 
coronary arteries for each woman. A number of papers on the topic have been published. 
Paper on the dose – response relationship is yet to be published.  

 

Table 4. Number of patients in the nested case – control study by case – control status and 
dose retrieval status 

 

 

As can be seen from table 4, we managed to include 2,425 women in the nested case – 
control study. For 144 (6%) we were not able to identify radiotherapy treatment charts and 
these patients were excluded.  

A pronounced difference in heart dose was seen comparing left and right sided breast cancer 
Table 5). The mean heart dose for women irradiated for a left sided breast cancer was 6.5 
Gy, compared to 3.0 Gy for a right sided breast cancer. 

The difference in mean heart dose between cases and controls was less pronounced, 5.3 Gy 
and 4.5 Gy, respectively (Table 6).  
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Table 5. Mean, standard deviation, minimum and maximum heart dose in GY from 
radiotherapy divided by breast cancer laterality  

 

Table 6. Mean, standard deviation, minimum and maximum heart dose in GY from 
radiotherapy divided by case – control status  

 

 

As can be seen in the preliminary analyses (Table 7) there seem to be a significantly 
increased risk for ischemic heart disease for women exposed to doses > 10 Gy. In the dose 
range 5-10 Gy there was found 26% non-significantly increased risk but above that dose 
range, a 67% significantly increased risk was found. 

 

Table 7. Odds ratio of an ischemic heart disease in relation to dose categories  

 

 

These preliminary data are currently being checked and a paper is being prepared for 
publication. We need to try and identify a level of exposure below which  the risk of a 
subsequent ischemic heart disease is not clinically significantly elevated and how factors 
such as chemotherapy and tobacco influence the risk. 

 

End results 

We truly believe that our results will have a profound influence on how breast cancer patients 
will be handled in the future. In light of an overall five-year survival of approximately 90% for 
breast cancer there is an increasing awareness among oncologist that the late adverse 
health effects are more important today than 20-30 years ago when the mortality was far 
higher. If we can show that over a specific cardiac dose the risk of myocardial infarction 
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increases dramatically and that certain factors (e.g. tobacco, chemotherapy) amplifies the 
cardio-toxic effect of radiotherapy our data will have a huge clinical impact. 

 

Intentions for use and impact 
We truly believe that our results will have a profound influence on how breast cancer patients 
will be handled in the future. In light of an overall five-year survival of approximately 90% for 
breast cancer there is an increasing awareness among oncologist that the late adverse 
health effects are more important today than 20-30 years ago when the mortality was far 
higher. If we can show that over a specific cardiac dose the risk of myocardial infarction 
increases dramatically and that certain factors (e.g. tobacco, chemotherapy) amplifies the 
cardio-toxic effect of radiotherapy our data will have a huge clinical impact. 

 

Publishable results 

The papers published so far by the RACE partners address the aims of RACE but do not 
present final results regarding the risk of heart disease. 

1. Taylor CW, McGale P, Darby SC. Cardiac risks of breast cancer radiotherapy – a 
contemporary view. Clin Oncol 2006;18:236-46.  

2. Taylor CW, Nisbet A, McGale P, Darby SC. Cardiac exposures in breast cancer 
radiotherapy: 1950s-1990s. Int J Radiat Oncol Biol Phys. 2007; 69: 1484–1495. 

3. Hooning MJ, Botma A, Aleman BMP, Baaijens MHA, Bartelink H, Klijn JGM, Taylor 
CW, van Leeuwen FE. Long-term risk of cardiovascular disease in 10-year survivors 
of breast cancer. JNCI 2007;99:365-75. 

4. Taylor CW, Povall JM, McGale P, Nisbet A, Dodwell D, Smith JT, Darby SC. Cardiac 
dose from contemporary tangential breast cancer radiotherapy Int J Radiat Oncol Biol 
Phys. Int J Radiat Oncol Biol Phys. 2008 Mar 26. 

5. McGale P and Darby SC. A dose–response relationship for radiation-induced heart 
disease—current issues and future prospects. International Journal of Epidemiology 
2008;37:518–523. 

6. Taylor CW, Nisbet A, McGale P, Goldman U, Darby SC, Hall P, Gagliardi G. Cardiac 
doses from Swedish breast cancer radiotherapy since the 1950s. Radiother Oncol. 
2009 Jan;90(1):127-35.  

7. Taylor CW, McGale P, Povall JM, Thomas E, Kumar S, Dodwell D, Darby SC. 
Estimating cardiac exposure from breast cancer radiotherapy in clinical practice. Int J 
Radiat Oncol Biol Phys. 2009 Mar 15;73(4):1061-8.  

 

Dissemination of knowledge. 

We have and will disseminate our results through the ordinary pathways for scientific 
communication, that is, published articles and scientific meetings. We anticipate our papers 
to be fairly easy to publish in high impact medical journals given the quality of the data and 
the issues addressed. The size of the study cohort and the possibility to take a number of 
contributory factors into consideration in the case – control study makes it truly unique. Few, 
if any, studies have the size and the detailed information on individual doses. 

We will also notify the media and patient organisations in order to reach not only clinicians 
and radiotherapists, but patients and relatives. 

Given the large number of women diagnosed with breast cancer, the high survival rate and 
the increasing use of radiotherapy, late adverse health effects are becoming an increasing 
problem. It is therefore important that we get the attention of the physicians and surgeons in 
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charge of breast cancer patients, companies involved in the production of treatment devices, 
and decision makers. The best way of attracting attention is of course to publish in high 
impact journals and this will the initial focus of our campaign.  Additional plans for 
disseminating the knowledge include presentations at national and international conferences, 
via our web page, and through contacts with journalists and other individuals related to the 
health care sector. When publications are due we will use press releases and our media 
coordinators to maximize the impact of our results.  

The members of the RACE project group have attended a number of different national and 
international meetings, giving presentations that have focussed either on the general issues 
with which RACE is concerned, or on the dosimetry methodology per se, or on its application 
to data from women in randomised controlled trials of radiotherapy in early breast cancer. 

 

Project public website  

The RACE project office has with the help of a professional firm prepared a public website for 
RACE. The RACE public website is located at http://www.race.ki.se/ and updated regularly 
by the project office.  

 

Project logo 

 

 

Project objectives and major achievements during the reporting period 

The objective of the RACE project is to evaluate the risk of ischemic heart disease among 
women treated with radiotherapy for breast cancer. It has been known for some 10-15 years 
that women with breast cancer, particularly left sided breast cancer, receiving radiotherapy 
are at an increased risk of myocardial infarction. The possible interaction with influencing 
factors such as tobacco use and chemotherapy has not been elucidated. Previously it has 
also been a focus on vascular mortality (instead of incident cardiovascular events) a less 
appropriate approach in light of a dramatically better prognosis of for instance acute 
myocardial infarctions the last decade.  

We have been using the remarkable possibilities in Denmark and Sweden to identify women 
with breast cancer through the national cancer registries, medical records from the national 
health care systems and cardio-vascular events from the cause of death and hospital 
discharge registries. In a first phase we studied the risk of cardio-vascular disorders 
contrasting left and right-sided breast cancer in 72,000 women with breast cancer. In a 
second phase we will conduct a so-called case-control study. This means that we have in 
detail abstracted information from 2,425 women with breast cancer where approximately half 
had a subsequent ischemic heart disease. For both cases and controls we reconstructed all 
heart doses in detail. We also scrutinise the medical records for information on other 
treatments, previous disorders, and life style factors. 

Most of the milestones have been met. This means that the Danish and Swedish cohorts 
have been established, that we have selected cases and controls from both countries, that 
we have established questionnaires for extracting data from the medical records, that all 
patients meeting the inclusion criteria have been included and that individual heart doses 
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have been calculated. The Oracle database set-up for key-entering data via the web based 
has been established and makes it possible to share data between collaborators. 

All Swedish and Danish data have been sent to Oxford for analysis. 

 

Work package progress of the project 

WP1 Data collection 

The general protocols for data collection for both the cohort study and the case-control study 
was drafted by Oxford, discussed by all partners, revised to take all comments into account 
and finalised and agreed by all partners in the end of 2005.  The data collection 
questionnaire and manual for the case-control study was drafted by Stockholm, discussed by 
all partners, revised to take all comments into account, and finalised and agreed by all 
partners in early 2006. 

During year 1, the study cohort for the Swedish and Danish part, using the cancer registries 
of the countries, was set up. The cohorts were matched with the cause of death and hospital 
discharge registries in Denmark and Sweden. The selection of cases and controls from the 
study cohorts was completed in Oxford and the details of those selected were forwarded to 
the responsible persons in Denmark and Sweden for implementation.  

To enable key-entering of information from the medical charts an Oracle-Internet-based 
database was established. We also established contact with all hospitals where patients 
were treated for their breast cancer and the data abstractors started identifying and 
abstracting information from case records.  

During year 2, the study cohort for the Swedish and Danish part was transferred to Oxford. 
The selection of cases and controls from the study cohorts was completed in Oxford and the 
details of those selected forwarded to the responsible persons in Denmark and Sweden for 
implementation.  

During year 3, the collection of data from case records continued. To ensure the quality of 
the abstracted data we chose to use web-based, or computer-based, questionnaires to allow 
restrictions and logical checks on the data at time of entry, thus reducing key-entering of 
inaccurate data. Such software also makes tracking of the patients easier. Some patients 
could have been diagnosed at one hospital, treated at a second, followed at a third and 
diagnosed with a myocardial infarction at a fourth.   

As can be seen in Figure 1a, the program gives an overview of the current status of 
abstraction. The study co-ordinator can immediately see how many cases and controls have 
been initiated, finished or are ongoing in each centre. It is also possible to have a closer look 
into what has been abstracted, e.g. how many of the cases and controls were smokers, the 
number that lack this information, etc.  

For a study of this size and complexity, involving not only a number of different hospitals but 
two different countries, common definitions are crucial. Each variable needs to be defined so 
that no uncertainties arise during fieldwork. Furthermore, codes for each variable have to be 
defined unambiguously, e.g. a heavy smoker has to be defined as someone smoking 15+ 
cigarettes/day regardless of whether she is a Dane or a Swede. Using a web-based or a 
computer-based questionnaire gives the possibility of displaying the definitions and criteria in 
an easily accessible way. In Figure 1b we have listed some of the variables abstracted from 
the case records. The pull-down menus includes the predefined codes for the different 
variables. 

In Figure 1c we show what happens if the abstractor pushes the /Inclusion criteria/ button on 
the first page. It is crucial that all cases are defined in the same way and that cases are not 
misclassified as controls, something that would dilute the results of the study.  
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During year 4, time was primarily spent on finalising the data collection in the two countries. 
The data was then transferred to Oxford 

To ensure the quality of data, all variables were predefined, described, and coded according 
to the manual used. The information was key entered into a web-based form where logical 
loops and restrictions decreased the likelihood of key entering information outside the 
predefined limitations. Every second week we have discussed problems encountered during 
abstraction. Changes have been inserted and a log kept. 5% of all records were re-coded by 
another data collector and any possible alteration has been discussed between the two 
collectors. If they could not reach an agreement, Drs. Hall and Ewertz made the final calls. 
Again, a log has been kept. Only a few discrepancies were identified, probably due to the 
fact that all data collectors have at least 5 years experience abstracting breast cancer 
records.   

The radiotherapy charts were scanned as pdf-files and stored in a computerized database. 
To ensure the anonymity of the study subjects, the project nurses have spent time ensuring 
that the personal id numbers were removed from the radiotherapy charts and substituted by 
study id before scanning. The radiotherapy charts were sent to Oxford for dose estimation 
after de-identification. 

WP2 Dosimetry 

The external review of the dosimetry system was completed in November 2004. We sent a 
draft protocol to Marilyn Stovall and discussed it with her extensively, including a 
teleconference. 

During year 1, the advance preparation for cardiac dose estimation of the case-control study 
was completed and the first shipment of dosimetry protocols was received in Oxford. Also, all 
relevant information on performance indicators with regard to dosimetry was achieved. A 
methodology for the estimation of cardiac dose, from both past and present radiotherapy 
regimens for breast cancer, was developed and tested. Also, the work developing the 
methodology for the dose calculations made very good progress.  

During year 2, work on the development of the methodology for the dosimetry, including the 
assessment of sources of variability in the cardiac dose reached completion during the early 
part of the year.  

Since then, a major focus of the dosimetry part of this project has been to prepare a 
publication describing the methodology. This was completed and published by the 
International Journal of Radiation Oncology*Biology*Physics.  This journal is the official 
scientific publication of the American Society of Therapeutic Radiology and Oncology 
(ASTRO) and is the premier journal worldwide for publications in therapeutic radiology. 

Also during year 2, another major focus of the dosimetry part of the project was to apply the 
methodology to the reconstruction of the specific techniques used for the women in this 
study. Dose-volume histograms for the heart and for the left anterior descending, right, and 
circumflex coronary arteries was reconstructed for most of them.  

In addition to finalising the dosimetry methodology and starting to apply it to the specific 
techniques used on the women in the case-control study, the dosimetry methodology has 
also been applied to techniques used in the Netherlands. It is also being applied to women 
entered into randomised controlled trials of radiotherapy in early breast cancer.  

The dosimetry team met in September and October 2006 and in January, March, May, and 
November 2007 and have held regular telephone conferences in order to assess progress. 
All relevant performance indicators with regard to dosimetry has been achieved. The Oxford 
Radcliffe Hospitals NHS Trust continued to provide access to relevant treatment planning 
and virtual simulation software at no cost to the project.  

During year 3, the developed dosimetry methodology was used to calculate doses to the 
heart and to the three main coronary arteries for the radiotherapy regimens used in Sweden 
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between the 1950s and the 1990s. A total of 37 different radiotherapy regimens was 
reconstructed. These resulted in mean heart doses ranging from <0.1 to 23.6 Gy and mean 
coronary artery doses from <0.1 to 46.3 Gy. Biologically effective heart doses ranged from 
<0.1 to 45.5 Gy2. Cardiac doses have been calculated for 360 Swedish women irradiated 
between 1958 and 1999 using dose volume histogram information. 

A paper describing the Swedish radiotherapy techniques, doses to the tumour and doses to 
various cardiac structures for the Swedish women included in the RACE study was published 
in “Radiotherapy and Oncology, which is the official scientific publication of the European 
Society of Therapeutic Radiology and Oncology (ESTRO). It is the premier European journal 
for publications in therapeutic radiology. 

The dosimetry methodology was used to calculate doses to the heart and three main 
coronary arteries for around 80% of the Danish radiotherapy regimens used in the first 260 
charts. 

During year 4, dose estimates were finalised and information added to the data base that 
holds information on other information from the case records. 

WP3 Risk estimates 

Preparatory work towards the analysis of the Swedish cohort data was taken place in Oxford. 
In June 2006, Danish staff visited Oxford and carried out the preparatory work for the Danish 
cohort. This is as far as this component of the study can proceed for the time-being.  

Preliminary data for the Swedish component of the cohort study was received in Oxford 
during the summer of 2006 and preliminary data for the Danish component was received 
during the autumn of 2006. The methodology for a preliminary analysis of these data was 
discussed at a meeting of investigators in Oxford in October 2006. A preliminary analysis of 
the data was carried out and presented as a poster at the San Antonio Breast Cancer 
Symposium (the largest worldwide breast cancer conference, attended by over 6,000 breast 
cancer specialists) in December 2006.  

We presented evidence that in women not receiving radiotherapy the risk of myocardial 
infarction was not influenced by laterality of the breast cancer. For irradiated women a non-
significantly increased risk was seen for women with a left sided breast cancer. In sharp 
contrast to these findings, women with a previous myocardial infarction and subsequent 
radiotherapy-treated left-sided breast cancer had twice the risk of a women with the same 
medical history but a right-sided breast cancer. In short, a previous cardiac event seems to 
make women particularly vulnerable to ionizing radiation and an increased risk of myocardial 
infarction.  

In addition to obtaining important provisional results of the effect of pre-existing heart disease 
on the risk of radiation-induced heart disease (which were presented at the San Antonio 
meeting), this provisional analysis revealed, unexpectedly, an increased risk during the first 
10 years after radiotherapy. As a result, the case-control study has been expanded to include 
additional cases of heart disease occurring during this period. The expansion of the study 
entailed a substantial additional amount of work in updating the selection of cases and 
controls and also in updating the database. This work is now complete.  

Regarding the statistical methods that will be needed for modelling the uncertainties in the 
dose estimates, information on the sources of variability has been obtained as part of the 
dosimetry project.  As it happens, one source, namely patient anatomy, dominates all others, 
and this simplifies the statistical aspects of the methodology required. Estimates of the 
variability in dose from this source have already been obtained and included in the paper 
describing the dosimetry methodology. These estimates, together with statistical 
methodology that was developed in another context, will be appropriate for the analysis of 
the case-control study, taking into account the uncertainty in the dose estimates. 
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During the extended last period preliminary analyses have been conducted as described 
above. The results from the cohort analyses have been discussed among partners and a 
draft manuscript has been circulated. The results from the nested case – control study are 
more complex and include several different and very important messages. Our overall aim is 
to identify a threshold below which no significant risk of myocardial infarction is seen. We 
also take into consideration the modifying effect of tobacco and chemotherapy. Analyses are 
ongoing.  

A meeting is arranged in Oxford 8 – 9 March 2010, the aim is to finalise the cohort paper and 
discuss the results of the case – control papers. 

 

Project Deliverables and Milestones  

Deliverables list 

Del.  
no. 

Deliverable name Work-
package 
no. 

Date due Actual/Forecast     
delivery date 

Lead contractor 

D.1.1 Report when the 
questionnaire, database, 
and training are completed. 

1 January 
2006 

January 2006.  Per Hall (KI) 

D.1.2 Report when the study 
cohort is established. 

1 January, 
2006 

November 2007. Delay 
due to problems with 
matching the breast 
cancer cohorts to the 
different registers. 

Per Hall (KI) 

D.1.3 Report when the case-
control data set is 
established 

1 July 2006 December 2009. Due to 
re-identification of cases 
(also including early 
events) and the design 
(only excepting patients 
receiving radiotherapy) 
there was a substantial 
delay.  

Per Hall (KI) 

D.2.1 Report describing the 
protocol for dose 
calculations 

2 August 
2006 

August 2006. Papers 
published from 2006 and 
onwards. 

Andrew Nisbet 
(ORH), Sarah Darby 
(UOXF.H6) 

D.3.1 Paper describing results of 
cohort study 

3 January 
2008 

Spring 2010. This paper 
has not been written due 
to delay in finalising the 
cohort data set. A draft 
version of the manuscript 
is currently under 
preparation. 

Sarah Darby 
(UOXF.H6) 

D.3.2 Paper describing results of 
case-control study 

3 August 
2008 

Spring 2010. The same 
reason as for D3.1 applies 
to D3.2. 

 

D.4.1 Statement of signature of 
Consortium agreement 

4 October 
2005 

August 2005 Ann Almqvist (KI) 

D.4.2 Documentation of quality 
arrangements  

4 October 
2005 

November 2005 Ann Almqvist (KI) 

D.4.3 Documentation of 
performance indicators 

4 October 
2005 

November 2005 Ann Almqvist (KI) 

D.4.4 Produce Project 
presentation 

4 September 
2005 

September 2005 Ann Almqvist, Per 
Hall (KI) 

D.4.5 Complete final Project 
Communication Plan 

4 August 
2006 

September 2006 Ann Almqvist, Per 
Hall (KI) 
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Milestones List  

Mile-
stone 

no. 

Milestone name Work-
package 
no. 

Date due Actual/Forecast    
delivery date 

Lead contractor 

M.1.1 Protocol for data 
collection accepted by all 
partners 

1 October 
2005 

December 2005 Per Hall (KI) 

M.1.2 Questionnaire and 
manual accepted by all 
partners 

1 December 
2005 

December 2005 Per Hall (KI) 

M.1.3 Establishment of a bi-
national breast cancer 
cohort 

1 December 
2005 

November 2007. Delayed 
due to delay in obtaining 
permission to carry out the 
necessary cross-matches 
and updated causes of 
death in Denmark. 

Per Hall (KI) 

M.1.4 Oracle data base 
established for being able 
to key enter data 

1 February 
2006 

March 2006 Per Hall (KI) 

M.1.5 Training of abstractors 
finished  

1 February 
2006 

February 2006 (Swedish 
abstractors); August 2006 
(Danish abstractors) 

Per Hall (KI) 

M.1.6 Selection of cases and 
controls 

1 April 2006 April 2006 (Swedish part 
1); autumn 2006 (Danish 
part 1); summer 2007 
(Swedish part 2); autumn 
2007 (Danish part 2). 

 

Per Hall (KI) 

M.1.7 Contact established with 
all departments that 
treated patients included 
in the case-control study 

1 April 2006 August 2006 Per Hall (KI) 

M.2.1 External review of draft 
dosimetry protocol 

2 June 2006 November 2004 Andrew Nisbet 
(ORH), Sarah 
Darby (UOXF.H6) 

M.2.2 Protocol for calculations 
of cardiac doses 

2 August 
2006 

September 2006 Andrew Nisbet 
(ORH), Sarah 
Darby (UOXF.H6) 

M.1.6 Selection of cases and 
controls 

1 April 2006 April 2006 (Swedish part 
1); autumn 2006 (Danish 
part 1); summer 2007 
(Swedish part 2); January 
2008  (Danish part 2). 

 

Per Hall (KI) 

M.3.1 Development of new 
statistical methods 
modelling the 
uncertainties of the dose 
estimates 

3 February 
2006 

August 2007. Achieved by 
obtaining information that 
has been included in the 
dosimetry paper in 
conjunction with 
methodology recently 
developed for another 
study. 

Sarah Darby 
(UOXF.H6) 

M.3.2 First draft of paper on the 
cohort study 

3 August 
2006 

Spring 2010.  Sarah Darby 
(UOXF.H6) 
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M.3.3 Protocol for selection of 
cases and controls 

3 August 
2006 

September 2006 
(Sweden); December 
2006 (Denmark) 

Sarah Darby 
(UOXF.H6) 

M.4.1 Set up Project Office with 
senior project 
administration manager. 

4 July 2005 July 2005 Ann Almqvist (KI) 

M.4.2 Organise biannual 
meetings  

4 Sep 2005;  

May 2006,  

Oct 2006,  

May 2007;  

Nov  2007,  

April 2008, 
Octr 2008,  

May 2009,  

Oct 2009,  

November, 2005; 

May, 2006 

October, 2006 

May, 2007 

November, 2007 

May 2008,  

October 2008,  

May 2009,  

October 2009 

Per Hall, Ann 
Almqvist (KI) 

Marianne Ewertz 
(Aalborg hospital), 
Sarah Darby 
(UOXF.H6) 

M.4.3 Interim Management 
Report  

4 March 14, 
2006 

March 14, 2006 Per Hall, Ann 
Almqvist (KI) 

M.4.4 Periodic Management/ 
Activity Report 

4 September 
14, 2006; 
September 
14, 2007; 
September 
14, 2008 

February 
15 2010 

September 19, 2006;  

September 14, 2007; 

 

September 14, 2008 

February 15, 2010 

Per Hall, Ann 
Almqvist (KI) 

M.4.5 Financial statements 4 September 
14, 2006; 
September 
14, 2007; 
September 
14, 2008 

February 
15, 2010 

September 19, 2006;  

September 14, 2007; 

September 14, 2008 

 

February 15, 2010 

Per Hall, Ann 
Almqvist (KI) 

M.4.9 Agendas of meetings 
concerned with 
management  

4 Oct 2005;  

May 2006;  

Oct 2006,  

May 2007;  

Nov 2007,  

April 2008 

May 2008 

Oct 2008 

May 2009 

Oct 2009 

October 2005; 

May 2006 

October 2006,  

May 2007 

November  2007,  

April 2008 

May 2008,  

October 2008,  

May 2009,  

October 2009 

Per Hall, Ann 
Almqvist (KI) 
Marianne Ewertz 
(Aalborg hospital), 
Sara Darby 
(UOXF.H6) 

M.4.10 Minutes of meetings 
concerned with 
management  

4 Dec 2005; 

June 2006;  

Nov 2006,  

June 2007;  

Dec 2007,  

November 2005 

June 2006 

November 2006,  

June 2007 

December 2007,  

Ann Almqvist (KI) 
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June 2008 

Nov 2008 

June 2009 

Nov 2009 

June 2008 

November 2008 

June 2009 

November 2009 

M.4.11 Publications/conferences/ 
press releases (1 month 
before publication) 

4  Each of the papers have 
been preceded by alerts 
to the media. 

 

 

WP4 Management 

The project office with a Senior Project Administration Manager working together with the 
coordinator was in place before project start. The project office has been well functioning 
throughout the project.  

The consortium agreement was signed in August and this was communicated to the 
European Commission in August. 

In November 3-4, 2005, a kick-off meeting combined with project discussions were held at 
the project office in Stockholm, Sweden, with a representative from EC, present. Besides 
scientific discussion between partners, the documentation of quality arrangements and 
performance indicators were discussed. Quite some time was spent on the Project 
Communication Action Plan, abstracting protocol/manual, and a description of very 
preliminary data from Sweden.  

A project presentation was made and sent to the EC in September 2005.  

A Project Communication Plan was drafted and has been updated throughout the project. 

During the spring 2006, the project website (http://www.race.ki.se/) was up and running. It 
has been updated on a regular basis. In addition to the public information, it also contains a 
secure internal site for sharing project documents and information between partners. 

In March 2006, Oxford staff visited Aalborg hospital to learn about radiotherapy procedures 
and techniques in Denmark. 

During the course of the project, there have been a number of meetings (2-3 meetings per 
year) alternating between Stockholm, Oxford, Aalborg and Odense, when Professor Ewertz 
moved. The main purposes of the meetings have been to update the partners on present 
standings, identify problems, and plan ahead. There has also been numerous telephone 
conferences and mail exchanges. There have also been meetings between dosimetrists 
outside the regular meetings. 

The deliverable D.4.2, Documentation of quality arrangements and quality criteria, was 
updated with a new part “Quality criteria for the scientific part of RACE” in March 2007. 

The midterm report was sent in on schedule in March 2007. 

The different reporting criteria (periodic management reports, activity reports and financial 
statements) have been met and yearly reports sent in to the EC in September 2006, 
September 2007, and September 2008. The final report (including periodic and activity report 
for the last reporting period) was sent in February 2010 as the coordinator asked for and was 
given an extension of the reporting deadline. 

 

Contractors  

The first payment of 450,000€ from the European Commission was received on August 22 
and the distribution to the partners was made on September 13, 2005. 
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The second payment of 227,446,05 EURO was received by Karolinska Institutet in 
November 2006 and distributed to all participants in December 2007. 

The third payment of 106,769.01 EUR was received by Karolinska Institutet in December 
2007 and distributed in January 2008.  

No payments was made during the fourth project period, August 1, 2008 through October 31, 
2009. 

No changes in the responsibilities or the consortium itself have been made. 

RACE PROJECT COMMUNICATION ACTION PLAN 

Since the most important papers are yet to be published we still believe our visions to be 
valid. A definition of the visions and how to meet these visions are outlined below. 

Visions 

- That the results generated by RACE will help make radiotherapy for breast cancer 
safer in the future 

- That RACE will provide additional information on the risk of cardiovascular disease 
following low exposures to ionising radiation in general.  

- That RACE will extend general knowledge of the late health effects of low doses of 
ionising radiation. 

- That RACE will provide valuable input to policy on radiation protection standards. 

- That RACE will have the possibility to answer a number of currently outstanding 
questions in the field of medical radiology.   

 

Our visions will be reached by the following channels 

The RACE public website. 

Responsible: Per Hall, Ann Almqvist 

The targets for the website is the general public, politicians, policy makers, and the scientific 
community. The content will be adapted to the target audience. It is important to reach the 
public with research information but it is equally important not to frighten or alarm the public 
unnecessarily. The website infrastructure will be set up and maintained by the Project Office.  

Press releases to local, national or international press at suitable occasions. 

Responsible: The RACE Steering Group  

The targets for these activities are the general public, politicians, policy makers and the 
scientific community. It must be remembered, however, that this is a sensitive subject and 
direct communication with the media on this issue is not always desirable.  

Publication in scientific popular press, daily/weekly press, and specialised magazines. 

Responsible: The RACE Steering Group 

The targets for these activities are the general public, politicians, and policy makers. 

Media events such as press conferences, interviews for television or radio, etc 

Responsible: The RACE Steering Group 

The targets for these activities are the general public, politicians, policy makers and the 
scientific community. 

Publication in scientific papers 

Responsible: The RACE Steering Group 
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Publications in scientific papers form a major focus of our efforts to communicate our work. 
The target audiences are the medical and scientific communities at large and specifically 
clinicians, medical physicists, and other researchers within the areas covered by the RACE 
project. 

The papers published so far by the RACE partners address the aims of RACE but do not 
present final results regarding the risk of heart disease. 

1. Taylor CW, McGale P, Darby SC. Cardiac risks of breast cancer radiotherapy – a 
contemporary view. Clin Oncol 2006;18:236-46.  

2. Taylor CW, Nisbet A, McGale P, Darby SC. Cardiac exposures in breast cancer 
radiotherapy: 1950s-1990s. Int J Radiat Oncol Biol Phys. 2007; 69: 1484–1495. 

3. Hooning MJ, Botma A, Aleman BMP, Baaijens MHA, Bartelink H, Klijn JGM, Taylor 
CW, van Leeuwen FE. Long-term risk of cardiovascular disease in 10-year survivors 
of breast cancer. JNCI 2007;99:365-75. 

4. Taylor CW, Povall JM, McGale P, Nisbet A, Dodwell D, Smith JT, Darby SC. Cardiac 
dose from contemporary tangential breast cancer radiotherapy Int J Radiat Oncol Biol 
Phys. Int J Radiat Oncol Biol Phys. 2008 Mar 26. 

5. McGale P and Darby SC. A dose–response relationship for radiation-induced heart 
disease—current issues and future prospects. International Journal of Epidemiology 
2008;37:518–523. 

6. Taylor CW, Nisbet A, McGale P, Goldman U, Darby SC, Hall P, Gagliardi G. Cardiac 
doses from Swedish breast cancer radiotherapy since the 1950s. Radiother Oncol. 
2009 Jan;90(1):127-35.  

7. Taylor CW, McGale P, Povall JM, Thomas E, Kumar S, Dodwell D, Darby SC. 
Estimating cardiac exposure from breast cancer radiotherapy in clinical practice. Int J 
Radiat Oncol Biol Phys. 2009 Mar 15;73(4):1061-8.  

Presentation at international meetings 

Responsible: The RACE Steering Group 

Presentations at national and international meetings of clinicians and scientists are the other 
major focus of our communication efforts. A number of such presentations have taken place, 
focussing either on the general issues with which this project is concerned, or on the 
dosimetry methodology per se, or on its application to data from women in randomised 
controlled trials of radiotherapy in early breast cancer. These are listed below. They have all 
been very well received. 

During the project period 42 presentations have been given. 

2005 

1. September, Sixth Main Meeting of the Early Breast Cancer Trialists Collaborative Group: 
Presentations on dosimetry methodology and late effects of radiotherapy in breast cancer by 
Dr Taylor and Professor Darby to several hundred clinicians specialising in breast cancer.  

2006 

2. March, International Workshop "Breast cancer: late iatrogenic effects of radiotherapy and 
systemic adjuvant treatments". Villejuif, Paris. Invited presentation on late effects of 
radiotherapy for breast cancer by Professor Darby. 

3. May. Twelfth Annual Congress of the German Society for Radio-oncology (12 Jahreskongress 
der Deutschen Gesellschaft für Radioonkologie). Dresden, Germany. Invited presentation on 
heart disease after radiotherapy for breast cancer by Professor Darby 

4. June, the American Statistical Association meeting on Radiation and Health: Invited 
presentations on the study, one by Professor Darby covering the statistical aspects and one 
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by Dr Taylor covering the dosimetry methodology, were made to an international audience at 
the American Statistical Association meeting on Radiation and Health.   

 

5. July, US National Academy of Sciences Nuclear and Radiation Studies Board: Professor 
Darby gave an invited presentation at a public session of the US National Academy of 
Sciences Nuclear and Radiation Studies Board in July.  As a result of this presentation, the 
US National Academy of Sciences are considering commissioning a BEIR style report on 
radiation-induced cardiovascular disease. 

6. September, Royal College of Radiologists Annual Scientific Meeting: Dr Taylor presented her 
work on the dosimetry methodology. This gained her the Royal College of Radiologists Junior 
Research Fellowship Prize for 2006.  

7. September, Seventh Main Meeting of the Early Breast Cancer Trialists Collaborative Group: 
Presentations by Dr McGale, Dr Taylor and Professor Darby to several hundred clinicians 
specialising in breast cancer.  

8. August, Presentation to the Radiotherapy Committee of the Danish Breast Cancer 
Cooperative Group (DBCG). Professor Marianne Ewertz. 

9. October, European Society for Therapeutic Radiation and Oncology (ESTRO). Leipzig, 
Germany.  Invited plenary presentation to audience of ~2000 cancer specialists by Professor 
Darby. Poster presentation by Dr Taylor on dosimetry methodology. 

10. November, Sixth UK National Breast Trials Meeting, Presentation by Dr Taylor on the 
dosimetry methodology and its application to women in randomised clinical trials.  

11. November, American Society of Therapeutic Radiology and Oncology (ASTRO).  Plenary 
presentation by Dr McGale. One of four plenary talks selected from over 1600 abstracts. 
Audience ~2500 cancer specialists. Included data applying the dosimetry methodology to 
women in randomised trials.  

12. November, Advent Symposium on Breast Cancer. University of Jena, Germany. Invited 
presentation by Professor Darby 

13. December, San Antonio Breast Cancer Symposium. Attended by over 6,000 breast cancer 
specialists. Poster presentation by RACE team on preliminary results from cohort study. 

2007 

14. January, Collaborative Group on Observational Studies of Breast Cancer Survivors. 
Presentations by Dr McGale. Professor Darby and Dr Taylor on the general issue of heart 
disease following radiotherapy for breast cancer,  the provisional cohort analyses and the 
dosimetry methodology. Meeting attended by representatives of cancer registries in all five 
continents.  

15. March, Poster at “Research Day” in North Jutland County, Denmark. Presentation by 
Professor Marianne Ewertz. 

16. May, Clinical Oncology Group, Cookridge Hospital, Leeds. Presentation by Dr Taylor on the 
application of the dosimetry methodology to patients irradiated in Leeds in  2006.  

17. April, 5th Warsaw-Falenty Breast Cancer Congress. Invited presentation by Professor Darby 
on adverse long-term effects of radiotherapy for breast cancer to ~500 breast cancer clinicians 
from Poland and other eastern European countries. 

18. June,  American Society of Clinical Oncology. Invited presentations by Professor Darby and 
Dr Taylor on the effects of radiotherapy after breast cancer to ~1200 clinicians specialising in 
radiotherapy. Videos of these presentations have been made available via the ASCO website 
to all 30,000 cancer specialists registered for the conference, as well as to all other ASCO 
members.  

19. June, Thirteenth Annual Congress of the German Society for Radio-oncology (13. 
Jahreskongress der Deutschen Gesellschaft für Radioonkologie), Hannover Invited plenary 
presentation by Professor Darby on the long-term side effects of radiotherapy for breast 
cancer. to ~500 German clinicians specialising in radiotherapy 
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20. June, Petrov Research Institute of Oncology, St Petersburg, Russia Invited presentation by 
Professor Darby on the long-term effects of treatment for breast cancer to ~200 Russian 
breast cancer specialists. 

21. June, Radiography Group, Churchill Hospital, Oxford. Presentation by Dr Taylor on heart 
disease following radiotherapy in breast cancer. 

22. June, European Commission, Brussels: Dr Hall and Dr McGale presented the RACE project to 
fellow EC coordinators and partners for a discussions on collaboration and future call for 
proposals.  

23. July, International Congress on Radiation Research Invited presentation by Professor Darby 
on heart disease following radiotherapy for breast cancer. 

24. September, International Association of Cancer Registries Annual Conference, Ljubljana 
Slovenia. Presentation by Professor Darby to representatives of cancer registries from round 
the world. 

25. September, Research Day of Aalborg Hospital. Poster presentation by Dr. Marianne Ewertz 
for an audience of hospital staff, politicians and lay people. 

26. November, Organisation of European Cancer Institutes. Workshop on Late Effects of Cancer 
Treatment, Budapest. Presentation by Professor Darby. 

27. December, Radiation Epidemiology Branch, National Cancer Institute, Bethesda MD, USA. 
Seminar by Professor Darby. 

2008 

28. January, The Netherlands Cancer Institute. Seminar by Professor Darby. 

29. March, Joint meeting of Norwegian Radiation Protection Authority, Norwegian Breast Cancer 
Group and Norwegian Radiotherapy forum. Presentation by Professor Darby. 

30. March, Technical University of Munich. Invited presentation by Dr Taylor on “Long-term 
toxicity of radiation therapy”. 

31. March, Technical University of Munich. Invited presentation by Dr Taylor on “Cardiovascular 
risk after breast cancer radiotherapy” at the kickoff meeting of the CARDIORISK collaborative 
research program. 

32. April, 6th European Breast Cancer Conference, Berlin. Presentation by Professor Darby. 

33. May, 5th International Oncology Meeting organised by the Spanish Society for Radiation 
Oncology, the Spanish Radiation Oncology Clinical Research Group, Madrid. Presentation by 
Professor Darby. 

34. May,  Presentation for Department of Oncology, Odense University Hospital, Denmark. By 
Professor Marianne Ewertz 

35. June, 50th Anniversary Meeting of the Italian Radiation Protection Association. Presentation 
by Professor Darby. 

36. July, Christie Hospital, Manchester. Invited presentation by Dr Taylor on “Heart disease after 
breast radiotherapy”. 

2009 

37. January. Invited plenary presentation to PREVENT Conference  (Prevention, Recognition, 
EValutaion, and Eradication of Normal Tissue effects of radiotherapy) organised by  ESTRO 
(European Society of Therapeutic Radiology and Oncology), Brussels. By Professor Sarah 
Darby 

38. March, Presentation at ERA-PRO Final Meeting, Hamburg, Germany. By Professor Marianne 
Ewertz. 

39. April, Presentation at University of Southern Denmark. By Professor Marianne Ewertz. 

40. April 2009. Lecture on Late Side Effects of Radiotherapy in Breast Cancer to ESTRO 
Advanced Teaching Course on the Multidisciplinary Management of Breast Cancer, Lisbon. 
By Professor Sarah Darby 
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41. August, Update to the Radiotherapy Committee of the Danish Breast Cancer Collaborative 
Group (DBCG). By Professor Marianne Ewertz. 

42. October. Studies of Ionising Radiation and Risk of Heart Disease. UK Dept of Health 
Radiation Protection Research Programme. Chilton, Oxfordshire, UK. By Professor Sarah 
Darby 

Contacts with patient organisations. 

Breast cancer patient organisations in the participating countries will be informed about 
RACE through the planned web site, through local meetings, and their information sheets. 
This will be done when results, other than those emanating from dosimetry emerges.  

 

A final plan for using and disseminating the knowledge  

The exploitable knowledge hardly has a commercial value. The exploitation will rather be to 
the direct benefit of the patients in that standards and routines for how and when 
radiotherapy will be given are going to change. 

We believe that our results have the potential to set stringent criteria for what heart dose is 
acceptable from a cardio-toxic perspective. Furthermore, we will take into consideration how 
concomitant chemotherapy and / or tobacco use alter these dose limits. 

The project also have the potential to add considerably to how heart doses are calculated 
and what impact doses to different parts of the heart has on the risk of ischemic heart 
disease.  

The implementation of these results will be forwarded to the clinical community through oral 
presentations, scientific papers and press releases. We will also address health care 
providers, decision makers and patient organisations.  

 

Exploitable knowledge and its use 

There are still no exploitable results due to the fact that we are still in the analyses phase. 

 

Dissemination of knowledge 

During the project period 42 presentations have been given. 

2005 

1.  September, Sixth Main Meeting of the Early Breast Cancer Trialists Collaborative Group: 
Presentations on dosimetry methodology and late effects of radiotherapy in breast cancer by 
Dr Taylor and Professor Darby to several hundred clinicians specialising in breast cancer.  

2006 

2. March, International Workshop "Breast cancer: late iatrogenic effects of radiotherapy and 
systemic adjuvant treatments". Villejuif, Paris. Invited presentation on late effects of 
radiotherapy for breast cancer by Professor Darby. 

3. May. Twelfth Annual Congress of the German Society for Radio-oncology (12 Jahreskongress 
der Deutschen Gesellschaft für Radioonkologie). Dresden, Germany. Invited presentation on 
heart disease after radiotherapy for breast cancer by Professor Darby 

4. June, the American Statistical Association meeting on Radiation and Health: Invited 
presentations on the study, one by Professor Darby covering the statistical aspects and one 
by Dr Taylor covering the dosimetry methodology, were made to an international audience at 
the American Statistical Association meeting on Radiation and Health.   
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5. July, US National Academy of Sciences Nuclear and Radiation Studies Board: Professor 
Darby gave an invited presentation at a public session of the US National Academy of 
Sciences Nuclear and Radiation Studies Board in July.  As a result of this presentation, the 
US National Academy of Sciences are considering commissioning a BEIR style report on 
radiation-induced cardiovascular disease. 

6. September, Royal College of Radiologists Annual Scientific Meeting: Dr Taylor presented her 
work on the dosimetry methodology. This gained her the Royal College of Radiologists Junior 
Research Fellowship Prize for 2006.  

7. September, Seventh Main Meeting of the Early Breast Cancer Trialists Collaborative Group: 
Presentations by Dr McGale, Dr Taylor and Professor Darby to several hundred clinicians 
specialising in breast cancer.  

8. August, Presentation to the Radiotherapy Committee of the Danish Breast Cancer 
Cooperative Group (DBCG). Professor Marianne Ewertz. 

9. October, European Society for Therapeutic Radiation and Oncology (ESTRO). Leipzig, 
Germany.  Invited plenary presentation to audience of ~2000 cancer specialists by Professor 
Darby. Poster presentation by Dr Taylor on dosimetry methodology. 

10. November, Sixth UK National Breast Trials Meeting, Presentation by Dr Taylor on the 
dosimetry methodology and its application to women in randomised clinical trials.  

11. November, American Society of Therapeutic Radiology and Oncology (ASTRO).  Plenary 
presentation by Dr McGale. One of four plenary talks selected from over 1600 abstracts. 
Audience ~2500 cancer specialists. Included data applying the dosimetry methodology to 
women in randomised trials.  

12. November, Advent Symposium on Breast Cancer. University of Jena, Germany. Invited 
presentation by Professor Darby 

13. December, San Antonio Breast Cancer Symposium. Attended by over 6,000 breast cancer 
specialists. Poster presentation by RACE team on preliminary results from cohort study. 

2007 

14. January, Collaborative Group on Observational Studies of Breast Cancer Survivors. 
Presentations by Dr McGale. Professor Darby and Dr Taylor on the general issue of heart 
disease following radiotherapy for breast cancer,  the provisional cohort analyses and the 
dosimetry methodology. Meeting attended by representatives of cancer registries in all five 
continents.  

15. March, Poster at “Research Day” in North Jutland County, Denmark. Presentation by 
Professor Marianne Ewertz. 

16. May, Clinical Oncology Group, Cookridge Hospital, Leeds. Presentation by Dr Taylor on the 
application of the dosimetry methodology to patients irradiated in Leeds in  2006.  

17. April, 5th Warsaw-Falenty Breast Cancer Congress. Invited presentation by Professor Darby 
on adverse long-term effects of radiotherapy for breast cancer to ~500 breast cancer clinicians 
from Poland and other eastern European countries. 

18. June,  American Society of Clinical Oncology. Invited presentations by Professor Darby and 
Dr Taylor on the effects of radiotherapy after breast cancer to ~1200 clinicians specialising in 
radiotherapy. Videos of these presentations have been made available via the ASCO website 
to all 30,000 cancer specialists registered for the conference, as well as to all other ASCO 
members.  

19. June, Thirteenth Annual Congress of the German Society for Radio-oncology (13. 
Jahreskongress der Deutschen Gesellschaft für Radioonkologie), Hannover Invited plenary 
presentation by Professor Darby on the long-term side effects of radiotherapy for breast 
cancer. to ~500 German clinicians specialising in radiotherapy 

20. June, Petrov Research Institute of Oncology, St Petersburg, Russia Invited presentation by 
Professor Darby on the long-term effects of treatment for breast cancer to ~200 Russian 
breast cancer specialists. 
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21. June, Radiography Group, Churchill Hospital, Oxford. Presentation by Dr Taylor on heart 
disease following radiotherapy in breast cancer. 

22. June, European Commission, Brussels: Dr Hall and Dr McGale presented the RACE project to 
fellow EC coordinators and partners for a discussions on collaboration and future call for 
proposals.  

23. July, International Congress on Radiation Research Invited presentation by Professor Darby 
on heart disease following radiotherapy for breast cancer. 

24. September, International Association of Cancer Registries Annual Conference, Ljubljana 
Slovenia. Presentation by Professor Darby to representatives of cancer registries from round 
the world. 

25. September, Research Day of Aalborg Hospital. Poster presentation by Dr. Marianne Ewertz 
for an audience of hospital staff, politicians and lay people. 

26. November, Organisation of European Cancer Institutes. Workshop on Late Effects of Cancer 
Treatment, Budapest. Presentation by Professor Darby. 

27. December, Radiation Epidemiology Branch, National Cancer Institute, Bethesda MD, USA. 
Seminar by Professor Darby. 

2008 

28. January, The Netherlands Cancer Institute. Seminar by Professor Darby. 

29. March, Joint meeting of Norwegian Radiation Protection Authority, Norwegian Breast Cancer 
Group and Norwegian Radiotherapy forum. Presentation by Professor Darby. 

30. March, Technical University of Munich. Invited presentation by Dr Taylor on “Long-term 
toxicity of radiation therapy”. 

31. March, Technical University of Munich. Invited presentation by Dr Taylor on “Cardiovascular 
risk after breast cancer radiotherapy” at the kickoff meeting of the CARDIORISK collaborative 
research program. 

32. April, 6th European Breast Cancer Conference, Berlin. Presentation by Professor Darby. 

33. May, 5th International Oncology Meeting organised by the Spanish Society for Radiation 
Oncology, the Spanish Radiation Oncology Clinical Research Group, Madrid. Presentaion by 
Professor Darby. 

34. May,  Presentation for Department of Oncology, Odense University Hospital, Denmark. By 
Professor Marianne Ewertz 

35. June, 50th Anniversary Meeting of the Italian Radiation Protection Association. Presentation 
by Professor Darby. 

36. July, Christie Hospital, Manchester. Invited presentation by Dr Taylor on “Heart disease after 
breast radiotherapy”. 

2009 

37. January. Invited plenary presentation to PREVENT Conference  (Prevention, Recognition, 
EValutaion, and Eradication of Normal Tissue effects of radiotherapy) organised by  ESTRO 
(European Society of Therapeutic Radiology and Oncology), Brussels. By Professor Sarah 
Darby 

38. March, Presentation at ERA-PRO Final Meeting, Hamburg, Germany. By Professor Marianne 
Ewertz. 

39. April, Presentation at University of Southern Denmark. By Professor Marianne Ewertz. 

40. April 2009. Lecture on Late Side Effects of Radiotherapy in Breast Cancer to ESTRO 
Advanced Teaching Course on the Multidisciplinary Management of Breast Cancer, Lisbon. 
By Professor Sarah Darby 

41. August, Update to the Radiotherapy Committee of the Danish Breast Cancer Collaborative 
Group (DBCG). By Professor Marianne Ewertz. 
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42. October. Studies of Ionising Radiation and Risk of Heart Disease. UK Dept of Health 
Radiation Protection Research Programme. Chilton, Oxfordshire, UK. By Professor Sarah 
Darby 

 

Publishable results 
The papers published so far by the RACE partners address the aims of RACE but do not 
present final results regarding the risk of heart disease. 

1. Taylor CW, McGale P, Darby SC. Cardiac risks of breast cancer radiotherapy – a 
contemporary view. Clin Oncol 2006;18:236-46.  

2. Taylor CW, Nisbet A, McGale P, Darby SC. Cardiac exposures in breast cancer 
radiotherapy: 1950s-1990s. Int J Radiat Oncol Biol Phys. 2007; 69: 1484–1495. 

3. Hooning MJ, Botma A, Aleman BMP, Baaijens MHA, Bartelink H, Klijn JGM, Taylor 
CW, van Leeuwen FE. Long-term risk of cardiovascular disease in 10-year survivors 
of breast cancer. JNCI 2007;99:365-75. 

4. Taylor CW, Povall JM, McGale P, Nisbet A, Dodwell D, Smith JT, Darby SC. Cardiac 
dose from contemporary tangential breast cancer radiotherapy Int J Radiat Oncol Biol 
Phys. Int J Radiat Oncol Biol Phys. 2008 Mar 26. 

5. McGale P and Darby SC. A dose–response relationship for radiation-induced heart 
disease—current issues and future prospects. International Journal of Epidemiology 
2008;37:518–523. 

6. Taylor CW, Nisbet A, McGale P, Goldman U, Darby SC, Hall P, Gagliardi G. Cardiac 
doses from Swedish breast cancer radiotherapy since the 1950s. Radiother Oncol. 
2009 Jan;90(1):127-35.  

7. Taylor CW, McGale P, Povall JM, Thomas E, Kumar S, Dodwell D, Darby SC. 
Estimating cardiac exposure from breast cancer radiotherapy in clinical practice. Int J 
Radiat Oncol Biol Phys. 2009 Mar 15;73(4):1061-8.  

 




