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Background 
In 2009, the Swedish Radiation Safety Authority (Strålsäkerhetsmyn-
digheten, SSM) appointed a scienti�c council on ionizing radiation 
within oncology. The council consists of scienti�c experts in the �elds 
of oncology, radiobiology and medical physics. Their task is to annually 
review and evaluate scienti�c developments in radiotherapy and to give 
SSM advice in issues where a scienti�c examination of di�erent views is 
necessary. The council began its work in the autumn of 2009 and this is 
the �rst report presented.

Objectives 
The scienti�c council is obliged to produce an annual report on radioth-
erapy issues. The report will summarize recent scienti�c knowledge.

Results 
In this report, three main areas have been highlighted: quality assu-
rance (QA), quality control (QC) and late side-e�ects including the risk 
of radiation-induced secondary malignancies. These areas re�ect the 
ongoing activities in leading international radiotherapy organisations. 
Speci�c attention is given to new technologies such as image-guided 
radiotherapy and intensity-modulated radiotherapy and how these in�u-
ence QA, QC and late side-e�ects. Late side-e�ects of radiotherapy are 
also discussed in the context of paediatric oncology and radiotherapy in 
combination with chemotherapy. The council states that there is a lack 
of consensus, both nationally and internationally, on how to optimally 
perform QA of radiotherapy with advanced technologies. 

The council therefore recommends that SSM increase its commitment 
to QA and QC in radiotherapy. The council has also identi�ed a limi-
ted knowledge base for late side-e�ects of both old and new forms of 
treatment. Within radiotherapy, the advice given to SSM is to support 
and emphasize the importance of registration of quality parameters and 
long-term outcomes in order to increase the knowledge base for late 
e�ects. SSM should also support development of a system in which new 
and unexpected adverse e�ects of radiotherapy can be reported and 
systematically compiled.
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Introduction 

Aim 

The Swedish Radiation Safety Authority scientific council is obliged to produce a yearly 

report concerning questions of radiation therapy. The objective with this report is to map the 

current level of knowledge and to advise SSM regarding different aspects of radiation therapy 

of relevance for the safety of this treatment. 

 

Radiation therapy 

The Swedish Council on Technology Assessment in Health Care (SBU) has twice, in 1996 

and 2003, evaluated the role of radiotherapy for treatment of tumours and described the 

current use in Sweden [1, 2]. These evidence-based analyses revealed that radiotherapy has an 

important role in the cure and palliation of many cancer patients. It contributes to cure in 

about 40% of the patient and ranks second to surgery. The scientific evidence-base for the 

favourable effects is mostly at a very high level due to many large randomised studies. 

Radiotherapy is, despite high investment costs, also a highly cost-effective treatment [3].  

 

The SBU reports anticipated that the importance of radiotherapy in cancer treatments would 

increase in the future thanks to a rapid technical development in the entire radiation therapy 

process [4]. 

 

The future role of radiation in the treatment of cancer was also explored in an investigation 

about radiotherapy research by the Swedish Cancer Society [5]. It was emphasized that 

radiotherapy plays an increasingly important role in curative and palliative tumour treatment 

and presents a considerable challenge to research. The report stated ―the new tumour and 

molecular biology will lead to improved and more effective treatments, which will probably 

have a favourable effect mainly on disseminated, usually microscopic disease. The value of 

local treatment methods will increase as systemic treatment of microscopic disease becomes 

more effective. Some of the development in progress in the field of radiation therapy is aimed 

at increasing its accuracy and (accordingly) making it gentler on normal tissue. Taken 

together, these developments indicate that the value of radiation therapy will not only be 

undiminished but will likely increase, also for reasons of high cost-effectiveness‖. There is 

nothing in the development during the past 7 – 8 years that have changed these predictions. 

 

This report will not deal with the favourable effects on tumour outcomes from radiotherapy 

but focus on important aspects of the safety of the cancer patients treated with radiotherapy. 

The focus will be on the most recent development where uncertainties about potential pitfalls 

still exist. A comprehensive description of the risks with external radiation therapy will thus 

not be made.  

 

Summary of the Report  

The report of 2010 displays a survey of the areas of priority according to importance and 

research intensity in leading international organisations of radiation therapy. Quality 

assurance (QA), quality control (QC) and late side-effects including the risk of secondary 

malignancies are the main areas. Image-guided radiotherapy (IGRT) and intensity-modulated 

radiotherapy (IMRT) as new and more and more commonly used methods are discussed. New 

technologies within external radiation therapy mean new challenges, both concerning QA and 
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QC and in the evaluation of particularly late side-effects. The present knowledge about such 

late effects is based upon the techniques that were used in the past. The follow-up of patient 

groups treated with the techniques used today and in the future is very limited and thus all 

predictions due to the changed dose distributions must be modelled. Although radiation 

therapy has been used worldwide for more than hundred years, the knowledge about dose-

response relationships is still rather limited. This is particularly true for the so called ―dose-

bath‖ created by many of the new techniques.  

 

There is still great uncertainty about the increase of secondary malignancies from intensity 

modulation, for a given dose to the tumour, compared to that of more conventional conformal 

radiotherapy with beams shaped with multileaf collimators.  

 

Combinations with old and newly developed cytotoxic agents are also increasingly used due 

to favourable effects seen in randomised clinical trials. The influence of these combination 

therapies on the risks of late toxicity is also reviewed, again finding that the knowledge of late 

effects is limited. The lack of consensus about how to report late effects contributes to the 

limited knowledge. 

 

The relevance of appropriate radiotherapy utilization is particularly important in paediatric 

oncology due to often excellent cure rates and long expected survival times. The development 

of the use of radiation in the treatment of childhood Hodgkin‘s lymphoma (HL) illustrates the 

need to tailor treatment not to give too much but at the same time not to give too little. A 

comparison with the same development in adult HL is made. An overview of the biological 

basis for the radiotherapy effects on the developing brain is also made.  

 

Summary of recommendations  

The scientific council recommends the Swedish Radiation Safety Authority to increase its 

cooperation with the hospitals concerning the QA and QC programmes in connection with 

radiotherapy. There is a need to create an authority similar to the Swedish Drug Authority 

(Läkemedelsverket) where new and unexpected adverse effects from radiation therapy can be 

reported and systematically compiled. This reporting should be separated from consequences 

due to malpractice. The Swedish Radiation Safety Authority should also emphasize and 

support the relevance of quality registration of treatments and long-term outcomes in order to 

increase the knowledge base about old and new treatments. 

 

Endpoints used in the evaluation of side effects are not well defined and different scales are 

used. Hence evaluation of late effects becomes difficult. The radiotherapy community needs 

to decide on a common validated toxicity scale where acute and late morbidity should be 

reported in a standardised way to facilitate the comparison between different treatments. 

Reporting to the national quality registries must be improved. The information about given 

radiotherapy is very limited, and must be more detailed. Development of systems that can 

collect information of radiation doses, including dose-volume histograms, and link it to the 

clinical information in the quality registers must be given high priority.  

 

Regarding x-ray based IGRT from a radiation protection point of view the scientific council 

recommends that before clinical implementation, all IGRT procedures should be assessed 

with respect to their justification and possible optimisation opportunities.  
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Today's rapid development in radio-physics, radiotherapy and radiobiology will give access to 

treatment modalities that we 10 years ago could only dream of. Of importance is that these 

developments are accompanied by programmes for effective education and – not the least - 

continuous medical education. 

 

The members of the Scientific Council on ionising radiation within oncology producing this 

report were as follows: 

 

PhD Pia Baumann, oncologist (secretary) 

Onkologkliniken, Karolinska Universitetssjukhuset, Stockholm 

 

Professor Klas Blomgren, paediatric oncologist 

Barncancercentrum, Drottning Silvias barn- och ungdomssjukhus, Göteborg 

 

Associate professor Crister Ceberg, medical physicist  

Avdelningen för Medicinsk Strålningsfysik, Lunds Universitet, Lund   

 

Associate professor Giovanna Gagliardi, medical physicist 

Avdelningen för sjukhusfysik, Karolinska Universitetssjukhuset, Stockholm  

 

Professor Bengt Glimelius, oncologist (chairman) 

Onkologiklinikerna, Akademiska sjukhuset, Uppsala och Karolinska Universitetssjukhuset, 

Stockholm  

 

Associate professor Elisabeth Kjellén, oncologist 

Skånes onkologiska klinik, Skånes Universitetssjukhus Lund 

 

Professor Per Nilsson, medical physicist 

Cancercentrum Norrlands Universitetssjukhus Umeå och Skånes Onkologiska klinik, Skånes 

Universitetssjukhus Lund 

 

Professor Sten Nilsson, oncologist 

Onkologkliniken, Karolinska Universitetssjukhuset, Stockholm 
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1. Review of current activities in selected international 
societies 
 

One of the starting points for the work of the group was a thorough review of current work 

within a number of international societies in order to get a view of recently published reports 

and on-going work in the area of radiation therapy and the safety of the irradiated patient. The 

above selected focus areas are to some extent based on the findings from this analysis. The 

societies chosen were 

 American Association of Physicists in Medicine (AAPM), http://www.aapm.org  

 American Society for Radiation Oncology (ASTRO), http://www.astro.org  

 European Society for Therapeutic Radiology and Oncology (ESTRO), 

http://www.estro.org  

 The International Commission on Radiation Units & Measurements (ICRU), 

http://www.icru.org  

 International Atomic Energy Agency (IAEA), http://www.iaea.org  

 International Commission on Radiological Protection (ICRP), http://www.icrp.org  

These organizations are involved in numerous activities many of which have implications 

new radiation technologies. Present activities in the above mentioned organisations mainly 

focus on IMRT and IGRT, which are the main topics also in this report. Brachytherapy is thus 

e.g. not dealt with. 

1.1. AAPM 

has a large number of active working groups (WG) and task groups (TG) in the therapy 

physics area. The present sub-committees are currently working in the following fields: 

Biological effects, brachytherapy, calibration laboratory accreditation, quality assurance & 

outcome improvement, radiation dosimetry & treatment planning, radiation safety, treatment 

delivery and therapy emerging technology assessment. Of special interest in our context is the 

work of the following task groups: 

 TG100 Method for Evaluating QA Needs in Radiation Therapy 

 TG101 Stereotactic Body Radiotherapy 

 TG119 Writing group on IMRT QA [1]   

 TG120 Writing group on IMRT Metrology 

 TG132 Use of Image Registration and Data Fusion Algorithms and Techniques in 

Radiotherapy Treatment Planning 

 TG147 QA for Non-Radiographic Radiotherapy Localisation and Positioning Systems 

 TG148 QA for Helical Tomotherapy [2] 

 TG155 Small Fields and Non-Equilibrium Condition Photon Beam Dosimetry 

 TG157 Commissioning of beam models in Monte Carlo-based clinical treatment 

planning 

 TG158 Measurements and calculations of doses outside the treatment volume from 

external Beam Radiation Therapy 

 TG166 Use and quality assurance of biologically-related models for treatment 

planning 

 TG174 Utilization of 18F-Fluorodeoxyglucose Positron Emission Tomography (FDG-

PET) in Radiation Therapy 
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 TG179 Quality Assurance for image-guided radiation therapy utilizing CT-based 

technologies 

 TG180 Modelling and Accounting for the Imaging Guidance Radiation Doses to 

Radiotherapy Patients in Treatment Planning 

1.2. ASTRO  

has together with the American College of Radiology (ACR) made practice guidelines for 

IMRT and recently also IGRT available [3, 4]. These guidelines are meant as educational 

tools for practitioners and not as rules or requirements of practice. In addition a workgroup 

within ASTRO Radiation Physics Committee has developed a set of recommendations for 

documenting IMRT treatments [5].  

1.3. ESTRO 

has published a number of handbooks and booklets on various topics. The most recent booklet 

[6] was published in 2008 and deals with guidelines for the verification of IMRT. To provide 

guidelines on topics of practical relevance for radiation oncology, the European Institute of 

radiotherapy (EIR) has been established by ESTRO. The report from the first task group by 

EIR-ESTRO is on 3D CT-based in-room image guidance (3DCT-IGRT) systems [7]. It gives 

an overview and current status of 3DCT-IGRT systems addressing the rationale, objectives, 

principles, applications, and process pathways for treatment delivery and QA. Solutions for 

kV CT and kV CBCT (cone-beam CT) as well as MV CT and MV CBCT are covered. 

1.4. ICRU 

has published two reports in the past years in the field of radiation therapy, both on 

prescribing, recording, and reporting radiation therapy. Report no 78 [8] on proton-beam 

therapy also covers radiation biology, proton-beam delivery and properties, dosimetry, 

geometric and dose-volume terms, treatment planning, uncertainties in dose delivery, motion 

management and QA. Report no 83 [9] on IMXT provides information necessary to 

standardise techniques and procedures and to harmonise the prescribing, recording and 

reporting of IMRT where possible with those of other modalities. Applicable concepts and 

recommendations in previous ICRU reports are adopted and extended where required. The 

report also describes the physical, technical, treatment planning and clinical aspects of IMRT. 

Clinical examples are provided in both reports to illustrate the application of the 

recommendations. 

1.5. IAEA  

Has published several highly relevant radiotherapy documents that can be freely downloaded 

from http://www.iaea.org/Publications/index.html.  

In the Division of Human Health part (http://www-naweb.iaea.org/nahu/default.asp) specific 

chapters are dedicated to Applied Radiation Biology and Radiotherapy, and to Dosimetry and 

Medical Radiation Physics.  

A report on the ―Transition from 2D radiotherapy to 3D conformal and Intensity Modulated 

Radiotherapy‖ is given in the publication IAEA-TECDOC-1588 (2008). A dedicated report 

about imaging is also provided (http://www-naweb.iaea.org/nahu/dmrp/imaging.shtm).  
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1.6. ICRP 

has recently published a report [10] on prevention of accidental exposures from new external 

beam radiation therapy technologies. The recommendations and safety issues in this report are 

based on lessons from accidental exposures with conventional and as well as with new 

technologies. 

 

Worth mentioning in the context of IMRT are two reports from the Institute of Physics and 

Engineering in Medicine, IPEM. Report 96 gives guidance on commissioning and clinical 

implementation of IMRT based on established methods [11]. A report on ―small field MV 

photon dosimetry‖ will also soon be published by IPEM. 

 

1.7. References 

1. Ezzell, G.A., et al., IMRT commissioning: multiple institution planning and dosimetry 

comparisons, a report from AAPM Task Group 119. Med Phys, 2009. 36(11): p. 5359-
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2. Langen, K.M., et al., QA for helical tomotherapy: report of the AAPM Task Group 148. 

Med Phys, 2010. 37(9): p. 4817-53. 

3. Hartford, A.C., et al., American Society for Therapeutic Radiology and Oncology 

(ASTRO) and American College of Radiology (ACR) Practice Guidelines for Intensity-

Modulated Radiation Therapy (IMRT). Int J Radiat Oncol Biol Phys, 2009. 73(1): p. 9-

14. 

4. Potters, L., et al., American Society for Therapeutic Radiology and Oncology (ASTRO) 

and American College of Radiology (ACR) practice guidelines for image-guided 

radiation therapy (IGRT). Int J Radiat Oncol Biol Phys, 2010. 76(2): p. 319-25. 

5. Holmes, T., et al., American Society of Radiation Oncology recommendations for 

documenting intensity-modulated radiation therapy treatments. Int J Radiat Oncol Biol 

Phys, 2009. 74(5): p. 1311-8. 

6. Georg, M.a., Guidelines for the Verification of IMRT. ESTRO 2008. Booklet 9. 

7. Korreman, S., et al., The European Society of Therapeutic Radiology and Oncology-

European Institute of Radiotherapy (ESTRO-EIR) report on 3D CT-based in-room 

image guidance systems: a practical and technical review and guide. Radiother Oncol, 

2010. 94(2): p. 129-44. 

8. ICRU Report 78, Prescribing, Recording, and Reporting Proton-Beam Therapy. Journal 

of the ICRU, December 2007. Vol 7(Issue 2). 

9. ICRU Report 83: Prescribing, Recording, and Reporting Photon-Beam Intensity-

Modulated Radiation Therapy (IMRT. Journal of the ICRU, April 2010. Vol 10(Issue 1). 

10. ICRP Publication 112: Preventing Accidental Exposures from New External Beam 

Radiation Therapy Technologies. Ann. ICRP 2009. Vol 39 (Issue 4). 

11. IPEM report 96: Guidance for the Clinical Implementation of Intensity Modulated 

Radiation Therapy. ISBN 9781903613344, 2008. 
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2. Intensity modulated radiotherapy IMRT from a radiation 
protection point of view 

2.1. Introduction 

There is a growing body of evidence for reduced toxicity of radiotherapy with intensity-

modulation techniques as compared to conventional conformal radiotherapy [1-3]. It can 

therefore be expected that the use of IMRT in its various forms (conventional fixed-beam 

IMRT, volumetric intensity-modulated radiotherapy, helical tomotherapy, etc) will become 

more frequent in the very near future. 

There are many reasons, however, for being cautious when implementing IMRT in the clinic. 

IMRT-techniques require a new level of detail of the treatment prescriptions, specifying dose-

volume constraints and objectives, which in turn necessitate a more elaborate definition of 

targets and segmentation of organs at risk and other normal tissue structures, and the 

associated dose levels. 

Furthermore, the radiobiological consequences of the highly modulated delivery and 

sometimes extended treatment fractions are still not fully elucidated. There has also been a 

concern regarding the so called dose-bath – i.e. large volumes of normal tissues receiving 

relatively low dose levels – and its potentially harmful effects in the long perspective such as 

radiation induced secondary cancer. The dose-bath is a general consequence of the increased 

high-dose conformity of the IMRT-techniques. The high demand for conformity also requires 

frequent use of image guidance (IGRT), which adds to the dose-bath. The effects of 

combinations of IMRT and chemotherapy are little known in this respect.  

From a radiation safety point of view, a well-designed QA programme is of vital importance. 

However, there is a lack of consensus regarding dosimetric methods for IMRT treatment 

verification. It is also not clear what needs to be done in order to fulfil present regulatory 

requirements. 

The aim of this report is to highlight some of these issues. We have chosen to focus on the 

following items: 

 

 

2.1.1. References 

1. Veldeman, L., et al., Evidence behind use of intensity-modulated radiotherapy: a 

systematic review of comparative clinical studies. Lancet Oncol, 2008. 9(4): p. 367-75. 

2. Staffurth, J., A review of the clinical evidence for intensity-modulated radiotherapy. Clin 

Oncol (R Coll Radiol), 2010. 22(8): p. 643-57. 

3. Nutting C, H.K., Rogers S, Sydenham M, A'Hern R and Hall E, Results of a Phase III 

Multi-centre Randomised Controlled Trial of Intensity Modulated (IMRT) vs 

Conventional Radiotherapy (RT) in Head and Neck Cancer. Clin Oncol, 2010. Vol 22: 

p. Page 899. 

 The evolution of radiation therapy complexity (with prostate cancer and Hodgkin‘s 

lymphoma as illustrative examples) 

 Late effects including secondary malignancies   

 Quality management of advanced external radiation therapy technologies 

 Image-guided radiotherapy from a radioprotection point-of-view 
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2.2. The evolution of radiation therapy – increased complexity and 
changed indications 

The implementation of IMRT in the clinic puts new requirements on every step in the chain of 

events, all the way from the prescription to the delivery of the radiation treatment. In this 

section, we will discuss some of the most important issues regarding the prescription of 

IMRT, including target volume definitions and the articulation of the treatment objectives. As 

an example, we have chosen to use prostate cancer. This is a diagnosis for which the use of 

IMRT is expected to increase, and all of the new, advanced techniques such as VMAT, 

RapidArc, and helical tomotherapy are in use. Although many of the issues discussed below 

are specific to prostate cancer, we believe that the considerations are similar for other sites as 

well, and that the principle arguments are fairly general. 

 

2.2.1. Radiotherapy in prostate cancer 

Prostate cancer is distinguished, from a radiotherapy point of view, from many other 

malignancies in that this is one of the few cancers in which radiotherapy is one of the major 

curative treatment modalities and, thus, radiotherapy is the primary treatment for many 

patients. The second evidence-based treatment modality for this disease is radical 

prostatectomy. Paradoxically, there are no comparative, randomised, studies on the concept 

radiotherapy versus surgery as primary treatment in prostate cancer. The first study on this 

theme is the UK ProtecT trial, which randomises patients with low-risk cancer to radiotherapy 

or prostatectomy or active monitoring [1]. The first results from this study are not expected to 

exist until 2015 and overall survival data will be obtained many years later. In patients with 

intermediate- and high-risk prostate cancer the main options, radiotherapy and surgery, 

remain but no prospective randomised studies have so far been announced. One can only 

speculate on the cause of the reluctance from the profession as well as from health authorities 

in initiating randomised studies on this theme. One reason may – from a speciality point-of-

view – be strategic, i.e. the surgical and radiotherapeutic professions do not want to risk 

losing such a comparison. There could certainly also exist additional rational as well as 

irrational reasons – e.g. strong belief that one treatment is actually superior to the other - for 

this lack of interest in initiating comparative studies on the topic. 

 

2.2.1.1. Radiotherapy as primary treatment 

Radiotherapy is, from a scientific point of view, currently the one of the two treatment 

modalities that has the highest level of evidence. The recently published SPCG-7 trial 

indicates that the addition of curative radiotherapy to endocrine treatment prolongs survival 

by nearly 10 % in patients with locally advanced, non-metastatic prostate cancer [2]. This is 

the first time that a curative treatment modality has been shown to prolong overall survival in 

prostate cancer. The closest that has been shown in this way with respect to surgery is the 

SPCG-4 trial, which randomised patients with localised prostate cancer to radical 

prostatectomy or watchful waiting [3]. This study did not reveal a survival benefit, except in a 

subgroup of patients under the age of 65. In this subgroup a survival benefit was seen in the 

order of 5 % [3]. 
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2.2.1.2. Adjuvant and early salvage radiotherapy 

The value of adjuvant radiotherapy after non-radical prostatectomy has been investigated in 

three large randomised studies [4-6]. Two of these have shown an overall survival benefit in 

the order of 10 %, while the third [6] is not yet mature for OS evaluation. All studies showed, 

in comparison to no postoperative radiotherapy, statistically significant differences in disease-

free survival, metastasis-free survival, local progression and cancer-specific mortality at 

advantage for radiotherapy. Still, the question whether the post-operative treatment is best 

served in a strictly adjuvant setting or if this treatment could also well be given as so-called 

early salvage radiotherapy has to be answered. Randomised studies on this concept are under 

way but are not expected to give definite answer with respect to OS within the next 5 - 10 

years. 

 

2.2.1.3. Neoadjuvant, concomittant and adjuvant endocrine therapy 

The value of combination treatment - radiotherapy and endocrine therapy - has been studied 

in multiple randomised trials [7, 8]. These have clearly shown the benefit of this concept with 

respect to local control, distant metastasis-free survival, disease-free survival, cancer-specific 

mortality and overall survival. However, there are some important factors to take into 

consideration. All major trials have exclusively included patients with high-risk disease, i.e. 

patients with locally advanced and/or poorly differentiated cancer, all with radiological 

verified and/or high risk for lymph node metastatic disease. In the majority of the studies, the 

radiotherapy was given with doses that, with today's knowledge, are not sufficient to achieve 

sterilisation of the tumour. Another important component of the radiotherapeutic approach has 

been to provide radiation to the whole pelvis to 50 Gy and then give final radiation boost to 

the prostatic gland [7]. The combination treatment with endocrine therapy and radiotherapy 

will within the next few years most certainly be challenged by the concept curative treatment 

with high-dose radiotherapy as mono therapy (dose-escalated 3DCRT or 3DCRT plus 

HDRBT) to the primary tumour, thus omitting the hormonal part. The major argument against 

the combination concept (radiotherapy combined with endocrine treatment) has been – and 

still is - that the radiotherapy used actually needed the hormonal therapy part to compensate 

for the non-adequate radiation doses that could be delivered with the techniques that were at 

hand when the trials were designed. Some observational studies suggest that the hormonal 

neoadjuvant and adjuvant treatment can be excluded from the curative treatment provided that 

adequate radiation therapy is given. 

 

2.2.1.4. Lymph node irradiation - to be or not to be? 
As mentioned above, the older radiotherapy protocols included whole-pelvis irradiation and a 

radiation boost to the prostate [7]. However, with the introduction of 3DCRT during the 

1990s and that only patients with low risk for metastatic disease or patients with N0 disease – 

i.e. negative diagnostic lymph node dissection – were accepted for curative treatment, whole-

pelvic radiotherapy was abandoned at most centres. We still do not know exactly how this 

change in inclusion criteria has influenced the therapeutic outcome. It may be that - although 

not proven - the "old" technology of radiation to the whole pelvis - especially in combination 

with endocrine therapy - had a value in the sterilisation of micro-metastatic disease. The 

pendulum has struck back again to the increased interest around the inclusion of regional 

lymph node metastases in radiation volume for curative radiotherapy – especially in patients 

with high risk (> 15 per cent) of having lymph node metastatic disease [9-12]. One of the 

reasons is that we have gained more knowledge about the obvious  shortcomings of diagnostic 

lymph-node dissection [13]. Only about 30 per cent of the lymph node stations are actually 

examined in routine lymph node dissection. Another reason for the increasing interest in 
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irradiation of regional lymph node is that we with current radiotherapy techniques, such as 

IMRT, are now able to administer radiotherapy to the nodes in a more conformal manner than 

before, thus being able to minimise the radiation to surrounding normal tissue. 

 

2.2.1.5. Importance of sufficiently high radiation dose to the prostate 

An important lesson learned over the years is that the radiation doses that were previously 

administered routinely in the curative treatment have been far from adequate. Well into the 

1980s and early 1990s doses of 66-70 Gy were routinely used, delivered with 1.8 - 2.0 Gy 

fractions, sometimes even with a pause for 14 days after 40 Gy. Several randomised trials 

have demonstrated the need for higher doses to achieve sterilisation of the primary tumour. 

One important analysis of these studies are reported in a recent meta-analysis of Viani et al. 

[14] One of the major conclusions is that a dose-response relationship is also seen in so-called 

low-risk tumours. This information is contrary to the earlier prevailing view, that the total 

doses around 70-74 Gy would be sufficient to cure low-risk disease. By utilizing today's 

technology with 3DCRT dose escalation or combination therapy 3DCRT plus HDRBT [15], 

doses above 80 Gy are administered to the prostate gland. The highest radiation doses (> 116 

Gy) that can be administered locally to the prostate gland are achieved with the latter 

technique, 3DCRT plus HDRBT [15-18]. The importance of adequate dose for the 

sterilisation of the primary tumour is supported by biopsy data. Several studies show the link 

between residual cancer and the risk of local progression, metastatic disease and increased 

cancer-specific mortality [19-23]. This has also recently been shown in a biopsy study from 

the above SPCG-7 trial in which residual cancer was verified in 22 per cent of patients after 

more than three years and that this presence was associated with the above negative factors 

including increased cancer-specific mortality [23]. Equally alarming was that the residual 

cancer showed low differentiation grade (Gleason sum 8) in all positive biopsies [23]. 

 

2.2.1.6. Hypo-fractionation 

In recent years much knowledge has been gained in the field of radiation biology with respect 

to prostate cancer. Ample data exist to show that this tumour precipitates from several others 

by a low level of so-called α/β value [16, 24]. This has led to considerable interest around the 

theme hypofractionation. Numerous studies have been designed on this concept.Arcangeli et 

al. have recently published data from the first randomised trial [25]. This is not yet mature for 

evaluation of treatment effect – other than freedom from PSA recurrence - but the data show 

that the toxicity of the hypofractionation as used in this study is acceptable [25]. Several 

additional studies are on their way and the future will tell whether hypofractionation should 

be used routinely in the curative treatment of prostate cancer. Of importance is, however, to 

note that the concept is based on the fact that prostate cancer is often a quite slowly 

proliferating tumour. The warning flag that we must keep in mind is that prostate cancer, not 

infrequently, shows a varied picture with the presence of islands of both well, moderately well 

and poorly differentiated cancer. The poorly differentiated cancer is often more highly 

proliferative, and it may very well be that these tumour components are not suitable for 

hypofractionation [26, 27]. Of importance, therefore, is that all hypofractionation protocols 

include assessment of tumour biological parameters such as – in particular - proliferative 

properties. 
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2.2.1.7. IMRT and Proton therapy 

Although IMRT is currently being used on a routine basis at many centres in curative 

treatment of prostate cancer, there are still no randomised studies comparing this technique 

with conventional 3DCRT. On the other hand, there are a number of non-randomised studies 

which have evaluated the role of IMRT in radiation dose escalation in prostate cancer [28-35]. 

A systematic review on the clinical effectiveness and economic evaluation of IMRT was 

recently reported from the British Health Technology Assessment Programmeme (National 

Institute for Health Research, NIHR) [36]. The main conclusion from this is that IMRT can, 

like the 3DCRT, be used for dose escalation and that doses up to 81 Gy may improve 

biochemical relapse-free survival in patients with localised prostate cancer. Data also suggest 

that toxicity can be reduced by increasing conformality of treatment, particularly with respect 

to gastrointestinal toxicity, which can be more easily achieved with IMRT than 3DCRT. 

However, the size of this reduction and its cost-effectiveness is still unclear [36]. The 

additional cost of IMRT compared with 3DCRT was in this systematic review estimated to be 

£ 1100, arising from additional medical, radiographer and physics staff time [36]. Prospective 

randomised trials comparing outcome, side-effects and cost-effectiveness of 3DCRT versus 

IMRT are warranted. 

 

The vast majority of patients currently treated with proton therapy are those with prostate 

cancer. Although this technology has been used for over two decades, there are still no 

randomised studies comparing proton monotherapy with conventional radiotherapy utilizing 

photons. One trial, PROG/ACR 95-09, was designed to test the hypothesis that increasing 

radiation dose improves clinical outcome in patients with early-stage prostate cancer [37]. 

Proton therapy was in this study used as radiation boost to the prostate after given photon 

therapy. The results show, in accordance with those obtained from other dose-escalation 

studies using 3DCRT, that long-term cancer control is superior with high-dose (79.2 Gy 

equivalents) versus conventional-dose (70.2 Gy equivalents) for men with localised prostate 

cancer. The high-dose combined treatment could be delivered without an increase in ≥ grade 3 

late urinary/rectal morbidity [37]. A number of review articles deal with the topic proton 

therapy versus conventional photon therapy in prostate cancer [38-41]. The conclusion from 

these is that outcomes of these two modalities seem to be comparable [41]. Noteworthy is, 

however, that the potential for treatment errors is considerably larger in proton therapy than in 

photon therapy [42]. For this reason, it is of great importance that treatment with protons is 

given at institutions with extensive experience with this modality.  

The role for protons in the treatment of locally advanced prostate cancer with high risk for 

seminal vesicle invasion and/or extra capsular extension, and thereby high risk for 

gastrointestinal and genitourinary toxicity, is still unclear and should be challenged in 

prospective trials. 

 

2.2.1.8. Future aspects – from a medical and radiation safety point of 
view 

There are very good reasons to expect that the role of radiation therapy will increase in 

coming years, and that the need for studies in the area will also increase. Primarily awaited 

are randomised trials between curative radiation therapy and radical prostatectomy. 

Healthcare authorities have an important task to mandate such trials. This would in the end 

benefit the patients. Strong growth is expected in the areas of dose escalation, both with 

external beam radiation therapy as monotherapy and combination treatment with external 

therapy and brachytherapy. In all dose escalation protocols, the need for minimising the 

margins of surrounding normal tissue is imperative. The need for improved positioning is 

becoming increasingly important. The trend towards hypofractionation has certainly come to 
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stay - a fact which again highlights the need for adequate visualisation of the prostatic gland 

and the positioning of it with techniques such as IGRT. The need for IMRT will increase for 

treatment of regional lymph node stations in patients with high risk prostate cancer. The 

reason for this is that the patient population that is still mostly referred for radiotherapy is that 

with high risk disease, i.e. those with high likelihood of lymph node metastatic disease and in 

whom we do not have the availability of reliable diagnostic methods, neither radiological nor 

nuclear medicine or - as mentioned above - surgical methods for histopathological assessment 

of lymph node metastatic disease and tumour staging. 

 

The trend towards even higher doses of radiation to the prostate gland and the balance 

between efficacy and toxicity makes greater demands on the technical development and 

adequate use of this and - above all an understanding of its limitations. The treatment with 

increasing radiation volumes to include regional lymph nodes requires us to pay attention to 

the risk of excessive radiation doses to normal tissues with its risk of long-term sequelae, 

particularly in the form of induction of secondary malignancies [43, 44]. The latter aspect is 

not insignificant, with the fact that the average age of today's prostate cancer patients is falling 

and that the vast majority have an expected survival of well over 10-15 years, i.e. the period 

within which secondary malignancies can be expected to develop. The value of adjuvant - or 

early salvage - radiotherapy of non-radically operated prostate cancer exhibits level 1 

evidence. Almost every second patient undergoing curative prostatectomy will ultimately 

relapse in his cancer. In fact, this group is now the largest group prevalent in the United 

States. These patients are all by definition young - chronologically and/or biologically - and 

with today's evidence-based medicine will be offered adjuvant - or early salvage - 

radiotherapy. From a socio-economic and medical point of view, it is important that these 

patients are offered effective and safe radiation treatment. 

 

In conclusion; the evolution from conventional 3D radiotherapy to IMRT implies more 

elaborate treatment prescriptions. Primarily, all relevant target volumes have to be defined, 

including margins. The GTV normally includes the entire tumour volume. The margins 

applied for the PTV may differ depending on fractionation and fixation method, as well as 

whether on- or off-line IGRT is used. In IMRT, also organs at risk and other normal tissue 

structures have to be segmented. When this has been done, adequate dose-volume constraints 

and objectives have to be specified in detail. Inverse treatment planning also requires that 

weighting factors are applied to the different objectives. There is no general theory, however, 

on how these weighting factors should be chosen and the treatment planning process may, 

therefore, have to be iterated a few times before arriving at a clinically acceptable treatment 

plan. In the case of prostate cancer, there can be large differences between dose distributions 

obtained with conventional 3D treatment plans, IMRT, and rotational techniques. Using a few 

fixed beam angles, critical structures can be spared to a great extent, while other tissues may 

receive larger but tolerable dose levels to small volumes. With rotational techniques, however, 

high dose maxima may be avoided but, instead, large volumes are exposed to a small dose.  
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2.2.2. Radiotherapy in Hodgkin’s lymphoma 

2.2.2.1. Quality control – exemplified by the development of European 
protocols for treatment of Hodgkin’s lymphoma in children 

Satisfactory disease control rates (>90%) can be achieved in paediatric Hodgkin‘s lymphoma 

with established therapeutic modalities, as documented for the GPOH-HD study group since 

the DAL-HD-82 study [1]. The remaining challenges for further treatment optimization are: 

 

 Reduction of acute and long-term toxicity of the chemotherapy and radiotherapy 

employed. 

 Reduction of the amount of treatment in those children who are currently over-treated 

 

The currently used treatment protocol, the EuroNet-Paediatric Hodgkin‘s Lymphoma group 

(EuroNet-PHL-C1), builds on the experience from six successive DAL / GPOH study 

generations that step by step optimised the treatment of paediatric Hodgkin‘s lymphoma 

starting in 1978 and established the de facto treatment standard in the participating countries. 

Already the first study generation DAL-HD 78 set the general therapeutic paradigm: 

Chemotherapy starting with 2 courses of intense and effective OPPA (vincristine, 

procarbazine, prednisone and doxorubicin), followed by COPP (cyclophosphamide, 

vincristine, procarbazine and prednisone) consolidation in intermediate and advanced stages, 

plus radiotherapy. In 1978 radiotherapy consisted of 36 – 40 Gy to the involved field and 18 – 

20 Gy in the adjacent fields [2]. Later study generations modified treatment within this 
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framework mainly with the objective to reduce acute and long-term toxicity while preserving 

good treatment results.  

 

 

In the second study generation DAL-HD 82 [1], patients for the first time were divided into 

three treatment groups (TG-1, TG-2, TG-3) based on stage (see below). The number of 

consolidation COPP cycles was scaled according to treatment group (0, 2 or 4). Irradiation 

volume was reduced from extended to involved field. The indication for splenectomy was 

limited and the number of splenectomies dropped to about 40%. Radiation doses were 

reduced to 35, 30 or 25 Gy in TG-1, TG-2 and TG-3, respectively. In case of insufficient 

response to chemotherapy the radiation dose was increased by 5 to 10 Gy. Five-year event-

Stages of Hodgkin’s lymphoma (The Cotswolds revision of the Ann Arbor staging system) 

 I - Involvement of a single independent lymph node region or lymph node structure 

 II - Involvement of 2 or more lymph node regions on the same side of the diaphragm 

 III - Involvement of lymph node regions or lymph node structures on both sides of the diaphragm 

 IV - Involvement of extra-nodal sites beyond E-sites (involvement of a single extra-nodal site contiguous 

or proximal to known nodal site). Liver or bone marrow involvement always implies stage IV. 

 

Annotations to stage definitions: 

 No B symptoms 

 B symptoms: at least one of the following: 

o a. Inexplicable weight loss of more than 10% within the last 6 months 

o b. Unexplained persisting or recurrent temperature above 38 °C 

 c. Drenching night sweats 

 

  E. Involvement of a single extra-nodal site contiguous or proximal to known nodal site. 

 

Treatment groups 

Children: 

 TG-1: patients of stages I A/B and II A 

 TG-2: patients of stages IEA/B, IIEA, II B or III A 

 TG-3: patients of stages IIEB, IIIEA/B, III B or IV A/B  

 

Adults: (classical HL, supra diaphragmatic presentation)  

 Early disease: patients of stages IA and IIA 

o Favourable: No risk factor 

o Unfavourable (intermediate): One or more risk factors: 

 bulky disease 

 >2 involved locations 

 ESR ≥50 mm 

 

 Advanced disease: patients of stages (I-)*IIB, IIIA-IVB) 

o Sub-grouped according to number of risk factors (IPS): 

 Male 

 >45 years 

 Stage IV 

 Haemoglobin <105 g/L 

 S-albumin <40 g/L 

 LPK>15x10
9
 

 B-lymphocytes <8% or <0.6x10
9
/L. 

 

*Stage IB can be considered as early disease (with risk factor) or as advanced disease. 
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free survival (EFS) rates of 99%, 96% and 90% in TG-1, TG-2 and TG-3, respectively [3] 

were observed. Due to these excellent results, DAL-HD 82 for a long time was regarded as 

the gold standard.  

 

Third generation: After the gonadotoxic effect of procarbazine became apparent this drug was 

completely eliminated from OPPA–COPP chemotherapy in the DAL-HD 85 study generation. 

Chemotherapy was OPA-COMP (vincristine, prednisone, doxorubicin – cyclophosphamide, 

vincristine, methotrexate, prednisone), so that in the first two cycles only three agents were 

administered and procarbazine was replaced by methotrexate in the consolidation. Involved 

field radiotherapy was dosed according to TG, resulting in 35, 30 or 25 Gy for TG1, TG2 and 

TG3, respectively [3]. By eliminating procarbazine, fertility in boys indeed was preserved [4, 

5], but treatment efficacy was compromised. For patients with early stages (TG-1) the 10-year 

EFS rate dropped to 85%, however, practically all patients could be salvaged by relapse 

therapy and an overall survival rate of 98% after 10 years was seen [6]. For patients in 

intermediate (TG-2) and advanced stages (TG-3) the 3-year EFS rates dropped to 

unacceptable 59% and 62%, respectively [7]. 

 

In the fourth study generation, DAL-HD 87, procarbazine was reintroduced into the COPP 

cycles while it was still not administered in the OPA. In addition, the radiation dose was 

further reduced to 30, 25 and 20 Gy for TG-1, TG-2 and TG-3, respectively [8]. The 

indications for splenectomy were further restricted so that only in 29% of the patients the 

spleen was removed. The 7-year EFS and overall survival (OS) rates for all patients (85% and 

97%, respectively) were better than in the DAL-HD 85, but still clearly worse than those of 

the DAL-HD 82 study generation and were felt to be unsatisfactory. 

 

In the fifth generation, the DAL-HD 90 study, the initial therapy was re-intensified. All girls 

got OPPA again. Boys got OEPA, i.e. OPPA with procarbazine replaced by 500 mg/m
2
 

etoposide given over 4 days, in the hope that this would preserve fertility [9]. Splenectomy 

was abandoned and the radiotherapy dose was further reduced to 25, 25 and 20 Gy for TG-1-

3, respectively. With this strategy, a 5-year EFS rate of 91% was achieved with OPPA and 

89% with OEPA. Overall survival after 5 years was 98% in both groups. The results are 

comparable with the very good results of the DAL-HD 82 study, although therapy intensity 

was clearly reduced. By introducing etoposide the infertility rate of boys was significantly 

reduced in TG-1, while about half of the male patients in TG-2 and TG-3 still showed 

abnormal FSH values after the COPP cycles [10]. In the study generation DAL-HD 90 a real-

time central review process for all patients was established. Staging, therapy group 

assignment and response assessment for all patients was performed centrally, assessing the 

clinical data and reviewing all cross-sectional imaging. In about 20% of the patients the stage 

was revised by central appraisal. A total of 11.7% of patients were assigned to a higher 

therapy group while 1.6% was down-staged to a lower therapy group [11]. 

 

Sixth generation: A major concern apart from infertility in boys is the development of 

secondary malignancies. The rate of secondary haematological malignancies, which occur 

mostly 1 – 10 years after therapy, is very low. The estimated risk after 15 years is about 1% 

for the patients in the DAL-HD 78 to DAL-HD 90 studies [12]. After the introduction of 

etoposide no leukaemias have been reported so far [13]. On the other hand, the number of 

non-haematological secondary tumours still increases after a latency period of 20 years and 

more. The cumulative risk of secondary solid tumours for the DAL / GPOH-HD study 

patients was 5.7% after 20 years (± 1.5%). This is almost identical to the 20-year risk for solid 

tumours reported by the American Late Effects Study Group (LESG). In their study the rate 
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of secondary tumours increased steeply between 20 and 30 years after therapy. After 30 years 

the rate of secondary malignant tumours approached 25% [14]. Secondary solid tumours 

(SST) are the main cause for this late increase. The most important risk factor for the 

development of SST is radiation therapy [15] and 22 of the 25 SST occurred in or at the 

border of the radiation field. Therefore, in the GPOH-HD 95 study generation the dose of 

radiotherapy was reduced to 20 Gy in all treatment groups. In addition, radiotherapy was 

omitted in patients with complete remission (CR) at the end of chemotherapy. EFS after 5 

years was 88% for all patients and overall survival was 97% [16]. In TG-1 there was no 

significant difference in EFS between patients with (94%) and without (97%) radiotherapy. 

Therefore, omission of radiotherapy in CR patients was adopted as standard treatment. 

However, in TG-2 and TG-3 omission of radiotherapy for CR patients led to a significant 

decrease in EFS (without radiation 79%, with radiation 91%). Therefore, radiotherapy for TG-

2 and TG-3 remained standard. 

 

In the GPOH-HD 2002 Pilot study, all boys received an intensified OE*PA therapy (20% 

more Etoposide) and COPDAC (cyclophosphamide, vincristine, prednisone and dacarbazine) 

instead of the COPP cycles. In the previous studies DAL-HD 90 and GPOH-HD 95, boys 

showed a tendency towards worse EFS than girls. In the GPOH-HD 95 study boys had 

significantly worse 5-year DFS rates than girls (0.86 vs. 0.93%; p=0.006). This may or may 

not be related to girls receiving OPPA and boys receiving the less gonadotoxic OEPA. Male 

gender has been reported as unfavourable prognostic factor in the adult setting and is in the 

international prognostic score [17]. Based on the interpretation that OEPA was less effective 

than OPPA, OEPA was intensified in the GPOH-HD 2002 Pilot study extending etoposide 

administration from 4 to 5 days. Procarbazine was replaced by dacarbazine, which is less 

likely to cause infertility in males and premature menopause in females. The previous studies 

DAL-HD 82 and DAL-HD 87 showed that procarbazine could not safely be dropped without 

being replaced by an appropriate substitute. A median observation time of 15 months had 

passed until the start of the EuroNet-PHL-C1, which was too short to assess treatment 

efficacy. As of May 2005, EFS curves of both girls (N=129) and boys (N=159) in TG-2+TG-

3 were in the order of 90% at 18 months as expected. No etoposide induced secondary 

leukaemias were observed. 

 

The CT/MRI imaging techniques used cannot reliably distinguish between active and 

fibrotic/necrotic residual masses. Therefore sensitivity (rate of test-positive results in true 

positives) is reasonably high, but the specificity (rate of test-negative results in true negatives) 

is rather low (in the order of 30%) and a high negative predictive value can only be achieved, 

if most patients are already cured after chemotherapy. This was the case in TG-1, in which 

excellent results in CR patients without radiotherapy were seen. In TG-2 and TG-3 probably 

one third of all patients still require radiotherapy for cure. In this setting, patients with 

radiotherapy did better than patients in CR without radiotherapy. Meanwhile, 

fluorodeoxyglucose positron emission tomography (FDG-PET) has become available and is 

routinely used in most centres. FDG-PET can better distinguish between vital and 

fibrotic/necrotic residual masses and thus may resolve the specificity problem of CT/MRI 

[18-21]. In the EuroNet-PHL-C1 study FDG-PET is formally integrated into staging and 

response assessment. In order to safeguard against possible uptake artefacts and to avoid a 

major shift in staging results, the integration of FDG-PET results into staging and response 

assessment is based on two principles: 

 

1. All functional FDG-PET information formally used in staging and response assessment 

must be paired with findings on conventional imaging. 
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2. At diagnosis FDG-PET results are only used to decide on involvement in regions that are 

suspicious but inconclusive by conventional imaging.  

In the pilot study GPOH-HD 2002 200 children were staged with FDG-PET between 

November 2002 and March 2005. In regions in which both CT/MRI and PET were evaluable 

and conclusive, FDG-PET results were concordant in 4481/4857 (92.3%), discordantly 

positive in 240/4857 (4.9%) and discordantly negative in 136/4857 (3.0%) cases. In 241 

regions CT/MRI was unclear and FDG-PET decided on the involvement following the 

principles outlined above. Concordance rates were below 90% in the following regions: high-

cervical, cervical, lung hilum, and supra-diaphragmatic recesses. It is known that false 

negative [22] and false positive FDG-PET can be seen after chemotherapy. However it is 

important to minimise delay between chemotherapy cycles. The timing of FDG-PET is 

therefore crucial. The EORTC recommendations [23] state that at least 2 weeks should elapse 

after chemotherapy prior to FDG-PET. Therefore in the EuroNet-PHL-C1 study the early 

response assessment FDG-PET is scheduled on day 14 after the last chemotherapy 

application. All imaging data, including CT and FDG-PET images, are sent to the study centre 

for evaluation and decision on radiotherapy. Pilot data strengthen the expectation that in TG-1 

radiotherapy can safely be omitted in PET-negative cases. In TG-2 and TG-3 it may be 

anticipated that about 1/3 of the patients will be PET-negative after 2 OEPA. 
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Figure 1: Flowchart for the EuroNet-PHL-C1 protocol. TG: treatment group (for definition of treatment groups, see 
the text box “Treatment groups” above), OEPA: cyclophosphamide, vincristine, etoposide and prednisone, 
COPDAC: cyclophosphamide, vincristine, prednisone and dacarbazine, COPP: cyclophosphamide, vincristine, 
procarbazine and prednisone, RT: radiotherapy. 
 
 
Given the widespread use of FDG-PET and the potential of early FDG-PET-based response 

assessment, radiotherapy can be modified in the current EuroNet-PHL-C1 study. In all three 

treatment groups the indication for radiotherapy is based on early response assessment with 

CT/MRI and FDGPET after 2 OEPA. Patients with adequate response after two OEPA will 

not be irradiated. Radiation fields and technique: According to the GPOH experience, 

opposed field radiotherapy is performed to all initially involved lymph nodes with a safety 

margin of 1-2 cm. CT based 3D dose calculation is now recommended for all children. 

Radiation dose: During the past studies, the radiation dose has been reduced gradually. In case 

of incomplete response after 2 cycles of chemotherapy all primarily involved lymph nodes 

now receive a dose of 19.8 Gy. All patients with poor response get an additional boost of 10 

Gy. Boost radiotherapy is based on response after two cycles of chemotherapy. Poor response 

is defined as follows: 1) residual volume larger than 25% of initial volume (i.e. <75% 

response) and residual volume >5 cm³ or 2) residual volume >100 cm³. Patients with an 

adequate response after 2 OEPA will not be irradiated. This holds for all treatment groups. 

The objective is to show that 5-year EFS rates in these positively selected patients without 

radiotherapy are consistent with a target rate of 90%. 
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In summary, the development of European protocols for the treatment of Hodgkin‘s 

lymphoma in children constitutes a good example of how treatments have been adjusted in 

paediatric haematology and oncology, gradually shifting the focus from cure at any price 

towards minimizing the sometimes debilitating late effects and secondary malignancies 

observed.  

2.2.2.2. Hodgkin’s lymphoma treatment in adults – a comparison 

A challenge in paediatric oncology treatment studies is the relatively low number of patients, 

necessitating multi-centre designs and/or longer duration to obtain reliable results. Because of 

the generally higher number of patients in adult oncology, studies can come to conclusions 

more rapidly. As mentioned above, the paediatric protocols have moved from radiation of 

extended fields to involved fields and primarily involved nodes only. Since also the 

prescribed dose has successively been diminished the overall radiation burden has been 

reduced. In adult protocols, the development during the past almost 30 years has progressed in 

a similar way from radiation of extended fields, via locally extended fields to involved fields 

and to involved nodes together with a reduction in doses. Despite this similarity in 

development, there has during the past about 30 years been a common opinion in Sweden, the 

other Nordic countries and in at least parts of remaining Europe that the recommendations in 

paediatric Hodgkin‘s lymphoma have resulted in more radiotherapy being used in children 

than in adults. A direct comparison is difficult, and not the intention of this description, but 

the decreases in radiation burden have occurred some 3 – 5 years earlier in adult compared to 

paediatric Hodgkin‘s lymphoma oncology.  

 

Most changes in Sweden and in the other Nordic countries have been done based on own 

experience together with results from sometimes also large randomised studies. The latter has 

been particularly the case during the past 10 – 15 years, and then based upon a series of trials, 

especially those run by the German Hodgkin Study Group (GHSG).  

 

Discussions about the intensity of staging and treatment had been extensive in Sweden during 

the 1970s and early 1980s. 

 

In Sweden, the first national Hodgkin‘s lymphoma care programme was approved and in use 

since 1984. The recommendations were tailored to patient and tumour characteristics and 

extent of disease, having the focus of cure with as little late effects as possible. Compared to 

the intensity of staging and extent of treatment, that was used at internationally renowned 

centres [24], splenectomy was used much less frequent and treatment intensity was reduced in 

most stages. The reduction in treatment affected both radiation therapy (chiefly volume, to 

some extent dose) and chemotherapy (chiefly number of cycles) in early, intermediate and 

advanced stages. At the same time, the quality of the radiation delivery was standardised 

towards improved dose homogeneity to the nodal volumes intended to be irradiated. This 

resulted in lower radiation doses to certain volumes, like the neck, but more radiation to e.g. 

the lungs to adequately cover mediastinal and hilar nodes with the 40 – 44 Gy considered 

necessary to bulky disease sites [25]. Later evaluations of the dose-response relationships in 

Hodgkin‘s lymphoma have not been able to detect any improved local control above 32.5 Gy 

[26, 27]. The classical analysis by Kaplan was based upon poorly performed radiation therapy 

where the true dose to relevant volumes was lower than the prescribed dose in the centre of 

the target.  
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Based upon the information collected prospectively and retrospectively from 5/6 Swedish 

health care regions in a quality registry, treatment results were well in line with those at major 

international sites, in spite of reduced staging intensity and treatment [28-30]. An exception 

was treatment of patients older than 60 years of age that had a much worse prognosis than 

those less than 60 years [31]. A modified care programme for the elderly was activated in 

1989. Treatment after failure on primary treatment was also found to be suboptimal and a 

modification was activated in 1988. Later evaluations have found improved results of the 

modifications [32, 33]. 

 

Based upon our own experience and results from international studies, a new care programme 

was approved in 1994. Staging splenectomy was no longer recommended and the treatment 

recommendations were further tailored to prognostic factors. In 1997, discussions about joint 

protocols were initiated within the Nordic Lymphoma Group. These also led in 1999 to 

separate protocols in early-intermediate and advanced Hodgkin‘s lymphoma. In both 

protocols, the use of radiotherapy diminished and both radiation doses and volumes were 

further reduced.  

 

With slight modifications, meaning even further reduced radiotherapy doses and irradiated 

volumes, these guidelines are still valid (see Figure 2). Adult patients with Hodgkin‘s 

lymphoma in early stages receive two cycles of chemotherapy followed by involved node 

irradiation to 20 Gy. In patients with intermediate stage disease, treatment is 4 cycles 

followed by involved node radiation to 30 Gy. In advanced stages, chemotherapy is the only 

treatment and based upon the number of risk factors according to IPS. In case of poor 

response, the chemotherapy is intensified and radiotherapy is only exceptionally given.  

 

The recommendations used in 2010 in early and intermediate stages (TG1+2) do not differ 

substantially between paediatric and adult Hodgkin‘s lymphoma patients. The interpretation 

of what is PET-negative or PET-positive after a limited number of chemotherapy cycles 

differs slightly. In an individual case, it is impossible to state that one or the other evaluation 

is right or wrong, but the evaluation for paediatric patients done centrally in Germany are that 

children more often receive radiotherapy than if the evaluation had been done only in Sweden 

(Lund is the reference centre in RATHL)(Gunilla Enblad, Daniel Molin, personal 

communication). In the advanced stages, radiotherapy is still frequently given to children not 

responding rapidly to chemotherapy, whereas this is as said rarely given to adults.  

 

During the past decades, informal discussions between the Hodgkin‘s Lymphoma groups 

have now and then taken place. This was formalised in November 2010 when a meeting took 

place in Stockholm. It then became clear that major differences exist in how patients not 

responding well to chemotherapy in advanced stages are treated. Radiation therapy for adults 

(≥18 years) is presently discussed at national video-conferences according to approved 

definitions of target volumes. This will (hopefully) also be the case with paediatric patients. 

For all cases, proton therapy plans will be made to gain experience prior to the start of the 

proton beam therapy centre, the Scandion Clinic in Uppsala in 2014. 
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Figure 2. Present (061020-120630) national Swedish guidelines for treatment of patients 18 - ≤70 years with 
Hodgkins lymphoma; ABVD: doxorubicin, bleomycin, vinblastin, dacarbacin; BEACOPP: bleomycin, etoposide, 
doxorubicin, cyclophosphamide, vincristine, procarbacine, prednisolon; RT: radiotherapy; IN: involved node. 
Most patients with Advanced HL (IPS 0-7) participate in the RATHL study, where all start with ABVDx2. Further 
treatments depend upon PET response. Note that RT is not part of primary treatment in advanced HL in adults 
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3. Late effects including secondary malignancies 

3.1. Secondary malignancies and IMRT 

3.1.1. Introduction and background 

Secondary cancer following radiotherapy is a radiation protection issue for the cancer patient.  

This is becoming more important due to the increase in both the number of irradiated patients 

and in survival after radiotherapy. A widely discussed aspect connected to the introduction of 

new dose-delivery technologies is their impact on late complications. The risk of secondary 

malignancy is one of these complications. It is also one of the most feared, as it encapsulates 

the dichotomy between need for therapy and the resulting side-effects.   

 

Several clinical studies indicate an increased risk of secondary malignancies as a result of 

treatment by ionising radiation. A broad overview of the biological effects of ionising 

radiations, including carcinogenesis, can be found in the UNSCEAR 2000 [1] and 2006 [2] 

reports, in the BEIR VII [3] report  and in ICRP Publication 103 [4] which replaced ICRP 

Publication 60 [5]. In particular, a number of epidemiological studies reveal an increase in the 

incidence of secondary cancers after radiotherapy [2]. Among the groups showing an 

increased incidence of second malignancies after radiotherapy are patients treated for 

Hodgkin‘s lymphoma [6,7], breast cancer [8, 9], paediatric cancer and prostate cancer [10-

12].  

 

Specific criteria are required to make sure that these events are induced by radiotherapy and 

are not simply metastases, an extension of the first tumour (i.e. which was not controlled 

locally) or, of course, a tumour which has no connection at all with radiation exposure. Risk 

factors, usually derived for the general population, may not be applicable; patients who have 

already developed a cancer may have a different underlying risk because of age, life 

expectancy, genetic and environmental factors [13]. As an example, recent studies show that 

the risk of having lung cancer, as a secondary malignancy following radiation therapy for 

breast cancer, is due to the combination of radiation therapy and smoking. Other risk factors 

like age, hormonal status [14,15] and chemotherapy [6,14,16] have also been shown to 

significantly affect this risk. The individual genetic profile play also an important role [17,18].  

 

One of the greatest difficulties concerning studies on secondary malignancy following 

radiotherapy is the ―fragility‖ of the datasets (dose-volume information and clinical 

information) to be analysed. This is due to the nature of the event, requiring large patient 

populations, and long follow-up. At the moment the available dose-volume information refers 

to the pre-3D era and therefore include several sources of uncertainty [19]. As a consequence 
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the analysis of the dose-volume/outcome data, including modelling solutions, have not yet 

provided a stable reference frame [20]. For newer delivery techniques (e.g. IMRT or protons 

and other heavy charged particle beams) no outcome data are yet available simply due to the 

fact that the follow-up times have been insufficient. In order to assess the risk of radiation-

induced malignancies for any particular radiotherapy technique one would need a good 

understanding, for each specific organ or tissue type, of the connection between total dose and 

its distribution, fraction size, volume, dose rate and the probability of a second cancer. Today 

our understanding is partial; however various models have been proposed and/or analyses 

made by e.g. Lindsay et al [21], more recently Schneider et al [22], Sachs and Brenner [23], 

and Daşu et al [24].  

 

Schneider et al [22] introduced the concept of organ equivalent dose (OED), defined as the 

single uniform dose to the organ which gives the same second cancer risk as the (non- 

uniform) dose distribution in the treatment plan. The model is based on the product of a linear 

term (mutagenesis) and a negative exponential term (cell killing). As an example it has been 

used to investigate the impact of dose escalation on second cancer risk following prostate 

cancer radiotherapy [25]. 

 

Sachs and Brenner [23] developed a model for the yield of pre-malignant stem cells, 

accounting for cell proliferation and repopulation effects together with dose fractionation.  

They showed how this could account for the clinical findings of an increased risk of radiation-

induced cancer at high total doses, in contrast to the then prevailing model of the risk going 

through a maximum at around 5-10 Gy total dose [21]. The key aspect in the modelling is the 

competition between mutagenesis and cell killing. 

 

The Daşu et al [24] analysis included both fractionation and, more particularly, non-uniform 

dose distributions.  

 

3.1.2. IMRT vs non-IM radiotherapy 

What can we say about (photon) IMRT versus 3D conformal photon RT regarding second 

cancer risk?  

 

Firstly, it has been suggested that IM ought to induce significantly more second cancers than 

non-IM treatments [26]. Their starting point was the observation that the greater number of 

Monitor Units required to deliver a given dose to the tumour/target volume using IM, results 

in an increased dose to parts of the patient‘s body outside the treatment fields i.e. those parts 

which are only irradiated due to leakage through the treatment head (jaws, multileaf 

collimators etc.). Initially the assumption was that this out-of-field dose, though extremely 

low compared to the in-field doses (a few per cent at most, but generally far lower than this), 

is responsible for a significant fraction of the second cancers (in the radiotherapy-treated 

population). However it has recently been shown that the relative contribution to the 

probability of a second cancer is much greater from in-field compared to out-of-field doses 

[25]. The Schneider study, together with others comparing out-of-field doses from different 

dose delivery modalities and beam energies [27] will help to better understand the 

implications of the use of IM beams in terms of second cancer risk.  

 

Secondly it has been generally accepted that the integral dose, defined as the total energy 

delivered by all the radiation fields (mathematically the integral of dose with respect to mass 

= energy), together with the dose distribution in the normal tissue, influence the carcinogenic 
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risk. According to ―conventional wisdom‖ IMRT would lead to a greater integral dose per 

unit tumour dose (compared to 3D-CRT) to normal tissue, and therefore to a possible increase 

of secondary cancer by a factor of 1.2-8 [26, 28, 29]. In this case the integral dose refers 

primarily to the in-field situation. The integral dose argument deserves reflection. For any 

reasonably centrally located tumour irradiated by an arbitrary number of co-planar beams 

(both these conditions are important) the integral dose will be approximately constant (per 

unit tumour dose) irrespective of the number of beams and whether they are modulated in 

intensity or not.  

 

A larger number of beams, which is typically the case with IMRT, will irradiate a larger 

volume of tissue to a lower dose; this is sometimes referred as the ‗dose bath‘ situation (as 

opposed to a few-beam ‗shower‘). The ultimate ‗dose bath‘ occurs with rotational IMRT such 

as Tomotherapy, RapidArc, SmartArc or VMAT.  

 

The argument at this point becomes complex, as it requires knowledge of the relationship 

between dose level and second cancer induction probability (per unit volume of tissue 

irradiated). Various formalisms have been suggested [21, 24], assuming that the probability of 

secondary cancer goes through a maximum at doses of around 5 Gy and then decreases fairly 

rapidly due to the dominating effect of cell killing above a certain dose (i.e. dead cells cannot 

become malignant later on). This model does lead to a lower cancer induction probability for 

fewer fields at higher doses compared to the (low) ‗dose bath‘. Recently instead a plateau like 

function for carcinoma induction based on large cell repopulation rates has been proposed 

[30]. If IMRT does not result in any greater integral dose it follows that its use ought not to 

result in any higher risk of secondary malignancy [31]. Interesting results in this direction are 

also provided by the recent paper by Huang et al [32]. 

 

3.1.3. Proton therapy 

In the panorama of new radiation-delivery technologies, protons have been indicated as 

favourable for the treatment of young patients. The primary reason is the significantly lower 

integral dose delivered by proton beams (always per unit dose to the tumour) compared to any 

kind of photon beam [33, 34]. Thus the use of protons as opposed to photons (for the same or 

similar dose to the tumour) should significantly reduce the risk of secondary malignancy, 

provided that the additional dose from the accompanying neutrons is kept below a certain 

limit [35]. 

 

3.1.4. Conclusions 

   

    

Summarising, there are still several question marks about the increase of second cancer 

risk from intensity modulation, for a given dose to the tumour, compared to that of more 

conventional conformal radiotherapy with (flat) beams shaped by multileaf collimators. 

Fortunately answers may become available in the near future thanks to new data.  
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3.2. Late effects of radiotherapy in combination with chemotherapy  

The combined effect of radiotherapy and chemotherapy on tumour and normal tissues is 

extremely complex. Numerous drugs have been, and are used, with the goal of a therapeutic 

gain compared to single modality treatment [1]. It can be expected that the many new targeted 

drugs also will be explored in combination with radiotherapy. The purpose of combining 

radiotherapy and chemotherapy is basically two-fold. Firstly, to add the systemic effect of 

chemotherapy (reduction of distant metastases) to the local tumour control achieved with 

radiotherapy. Secondly, to enhance the local radiotherapy effect and achieve a higher tumour 

control rate. Today‘s many different drugs as well as the variation in radiotherapy doses, 

timing and fractionation open for multiple potential modes of action which are not easily 

described. Drug administration before (neoadjuvant) or after (adjuvant) a course of 

radiotherapy is commonly used but also chemotherapy during radiotherapy (concurrent 

treatment) is frequently used in many solid malignancies. 

 

Multiple trials in many different tumour types have compared radiotherapy with combinations 

of radiotherapy and chemotherapy. The results of the trials differ between tumour types, 

although a general finding is that local control is improved whereas it has been much more 

difficult to show an overall survival benefit. The gain in local tumour control has rarely been 

large, although by many clinicians considered sufficient for providing combined therapy in 

clinical routine. The gains in survival, if seen, have been minimal or limited, and have usually 

required meta-analyses of the individual trials to reveal statistical significance.  

Combination therapy always leads to enhanced acute side effects in normal tissues e.g. in 

skin, mucosal membranes and bone marrow. This increased acute toxicity has not prevented 

the use of combined modality treatment in patients considered fit for this. Late effects, of high 

importance in surviving patients, are however scarcely reported and if so, hard to evaluate. 

Knowledge of late morbidity is fundamental in order to get a complete picture of pros and 

cons with combined modality treatments. The purpose of this report is to give a brief 

summary of the present literature-based knowledge about late effects after chemoradiotherapy 

in relation to radiotherapy alone.  

 

A systematic approach to literature was aimed at, but it is beyond the scope of this report to 

present a full comprehensive overview. PubMed and Cochrane were used as main sources. A 

supplement of ―The QUantitative Analyses of Normal Tissue Effects in the Clinic 

(QUANTEC)‖[2] was used as a basis and reference report. In this report Marks et al.[3] 

summarises the problem as follows: “Use of sequential/concurrent chemotherapy/radio-

therapy is increasing for many tumours. Concurrent chemotherapy is typically believed to 

exacerbate the severity of normal tissue reactions, but data quantifying this is often lacking. 

Even when such data are available, the chemotherapy doses, schedules and agents—which 

may influence outcomes—are in evolution‖. It should be noted that due to lack of precise 

data, the QUANTEC report is very superficial concerning whether late toxicity is increased or 

not after combined modality therapy compared to radiotherapy alone.  

3.2.1. Cervical cancer 

In the Cochrane report from 2010 [4] the collaboration evaluated concurrent 

chemoradiotherapy in cervical cancer. The authors conclude that concurrent therapy resulted 

in an increased chance of survival than treatment with radiotherapy alone. There was however 

implications of a decreasing relative effect on survival with increasing tumour stage. The 

estimated absolute survival benefit at 5 years was 10% in stages 1-2a, 7% in stage 2b and 3% 

in stage 3-4a. However, when applying the overall HR (0.81) to each of the stages an 
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improvement in OS at 5 years was seen for all. This confirms the benefit of 

chemoradiotherapy in women with cervical cancer, despite stage, although the absolute 

magnitude of the benefit varies. The acute side effects of the combined treatments were 

manageable. Serious haematological toxicity increased approximately two- to ten-fold in 

individual trials and there was a significant increase in serious GI toxicity (grade 3-4) when 

platinum-based chemoradiotherapy was used (OR=1.98, p<0.00001).  

 

Data on late toxicity was scarce and no conclusions could be drawn. In total, 24 studies 

included almost 5 000 patients that were randomised to radiotherapy alone or combined 

chemoradiation and were still not able to give any conclusive answer about late toxicity. In 

seven trials data on late rectal toxicity were available and in five trials late bladder toxicity 

were reported. Late intestinal and late vaginal toxicity were only reported in four trials. 

Furthermore, even within these trials the data was incomplete with substantial lack of 

information. In general, late toxicity was defined as toxicity three or more months after 

treatment but ―late‖ toxicity is ordinarily considered to occur years after treatment. The 

available data suggests that a variable number of women across all trials (1 to 55%) 

experience late toxicities, mostly grade 3 – 4 but grade 5 with eight deaths were also reported. 

Due to the lack of prospective recording in many of these trials data may not be 

representative. Only one trial reported quality of life data.  

 

 

3.2.2. Breast cancer 

Several early breast cancer trials showed that concurrent radiotherapy and chemotherapy with 

CMF is feasible but that late side effects were increased. More recently introduced drugs in 

breast cancer treatment have shown radiosensitising properties, e.g. docetaxel and 

doxorubicin. For these drugs an increased risk of pneumonitis, congestive heart failure, 

coronary artery disease and other late radiation sequelae are seen [5] and the present 

recommendations are to terminate chemotherapy before radiotherapy is initiated [6, 7]. The 

Arcosein study [8] explored a combination of mitoxantrone, fluorouracil and 

cyclophosphamide in a phase III trial of patients with early breast cancer. The patients were 

randomised between concurrent or sequential radiotherapy and chemotherapy. There was no 

difference in DFS at 5 years but an increase in late radiation side effects was noted in the 

concurrent arm. 

 

The knowledge of whether late toxicity is increased using the monoclonal antibody 

trastuzumab with radiation is limited due to too short follow-up [9]. Increased late brachial 

plexus damage following combined treatment was reported by Olsen et al [10], describing a 

definite or probable radiation plexopathy in 42% of patients treated with chemotherapy 

(tamoxifen, cyclophosphamide or CMF) and radiotherapy versus 26% in patients treated with 

radiotherapy alone. 

In conclusion; the benefit of concurrent treatment in cervical cancer is evident in terms of 

survival and disease control. Early toxicity is increased but knowledge of whether late 

treatment-related side-effects are increased is missing.  
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3.2.3. Head and neck cancer 

Trials in head and neck cancer have shown that the frequency of swallowing dysfunction after 

radiotherapy with concurrent chemotherapy is increased from 10% to 56%, compared to 

radiotherapy alone [11]. In another trial [12] in patients with oropharyngeal carcinoma, where 

radiotherapy was compared to concurrent chemoradiotherapy, a statistically significant 

improvement in loco-regional control but with a significant increase in acute toxicity (severe 

mucositis) was seen. At 2 years 51% of patients in the chemoradiation arm were dependent on 

a feeding tube compared to 25% (p=0.02) in the radiotherapy alone arm. G-CSF was in this 

trial reported to reduce acute mucositis but at the cost of a decreased local control rate. 

In the meta-analysis of head-and-neck trials evaluating the effects of chemotherapy in 

combination with radiotherapy [13], the authors conclude that a significant effect on survival 

can be seen (4.5% at 5 years for all trials (HR 0.88) and 6.5% for concomitant chemotherapy 

(HR 0.81). However, there is no analysis of late toxicity data. 

 

The addition of concurrent chemotherapy to high-dose radiotherapy at least doubles the risk 

of laryngeal oedema and dysfunction, as stated in the QUANTEC report [14]. 

 

3.2.4. Rectal cancer 

In rectal cancer, but also in most other gastrointestinal tumour sites, concomitant 5-

fluorouracil (5-FU) has been given together with radiation for decades. Its use was based upon 

a few small randomised trials performed decades ago, revealing improved local control and 

survival [15]. Slightly above ten years ago, three large co-operative groups challenged this 

generally held view and initiated controlled clinical phase III trials with radiotherapy only as 

the control treatment. The studies in rectal cancer were adequately powered to evaluate local 

control, and acute toxicity, but not late toxicity. The three trials [16-18] all noticed improved 

local control rates in the combined groups (8 – 10% vs 15 – 17% in [16, 17], including 

intermediately advanced tumours and 18% vs 33% in [19], including the most locally 

advanced tumours). Survival did not differ between treatment groups in the first two trials, but 

tended to do so in the trial including the most advanced tumours (overall survival at 5 years 

65% vs 53%, p=0.09; cancer-specific survival 72% vs 55%, p=0.02). Acute toxicity (grade 3-

4) is increased from 3 – 5% with radiotherapy alone (46 – 50 Gy in 5-6 weeks) to 10-15% 

with chemoradiotherapy with 5-FU. When radiotherapy was combined with other drugs, like 

oxaliplatin, further improvements was claimed, still though not proven, and 30-40% of the 

patients reported acute grade 3-4 toxicity, chiefly gastrointestinal. Late toxicity was however 

only briefly reported in the original publications, claiming no differences. Long-term quality-

In conclusion; chemotherapy, including targeted drugs and radiotherapy are established 

treatments for many groups of patients with early breast cancer since they contribute to 

better disease control and improved survival. Late toxicity is increased when drugs and 

radiation are given together, and the recommendations are to avoid concurrent 

administration. 

In conclusion; the use of concomitant chemoradiotherapy, including cetuximab (a 

monoclonal antibody inhibitor of the epidermal growth factor receptor) in head and neck 

cancer is extensive since randomised trials, and meta-analyses have shown clinical gains. 

The knowledge of late toxicity is though very limited but some trials imply increased risks 

after concomitant treatment.  
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of-life was recently reported from French patients in one of the trials [16], describing 

decreased role and social functioning, poorer global QoL and more diarrhoea in the CRT 

group [20]. Braendengen et al [21],  noted increased incidence with poor anal functioning 

(89% vs 70%, p=0.046) and a tendency to increased bowel obstruction (28% vs 15%, p=0.2) 

in the CRT group. Social functioning was also poorer in the CRT group, 71 vs 78 (p=0.14), 

but otherwise no differences were seen in QoL aspects (Braendengen et al, unpublished). 

 

 

3.2.5. Discussion 

An important statement is that QoL, acute and late treatment side effects as well as treatment 

costs are important issues to explore when introducing new treatments including drug-

radiation combinations in clinical practise. While the antitumour effect and acute toxicity are 

the focus of most reports exploring different chemoradiotherapy protocols, late treatment 

effects are rarely reported and it is not possible to conclude whether late toxicity is increased 

or not from chemoradiotherapy relative to radiotherapy alone.  

 

Bentzen et al [22] concluded that ―First, morbidity, especially late, is frequently inadequately 

recorded and reported. The lack of standardized scoring systems and the often poor quality 

control of morbidity scores limit the value of much of the published literature. Second, even 

when morbidity is reported, the statistical power of the trial is not sufficient to resolve a 

clinically important change in this endpoint. Thus, in most trials, the possible change in 

therapeutic gain cannot be reliably judged. This is clearly a field in which more research is 

urgently needed‖. After having completed this report, we can in early 2011 completely agree 

with the statements from 2003. 

 

Besides sparse reporting of side effects, a major problem in evaluating late effects is the lack 

of a common toxicity scoring system. Trotti et al [23] suggested a common scoring system for 

side effects whether single modality treatment or combined treatments are used. A 

combination of existing drug- and radiotherapy-related toxicity scores will probably not be 

relevant for scoring side-effects of combination therapies. The QUANTEC report [24] 

recognizes the major problems of incomplete reporting of results and the use of incompatible 

or ambiguous endpoints. The report aims to provide methods of defining suitable endpoints in 

order to facilitate meta-analysis.  

 

The knowledge we use today is based on normal tissue tolerance for single modality treatment 

with radiotherapy. Generally there is an acceptance for severe late damage in 5% of the 

patients undergoing curative treatments, e.g. a 5% risk of osteoradionecrosis, severe 

swallowing dysfunction and fibrosis in head and neck cancer patients. Introducing 

In conclusion; similar to the situations in cervical cancer and head-and-neck cancer, 

improved outcomes are seen with concomitant chemoradiotherapy, and this treatment is 

routine at most sites worldwide. In Sweden, radiotherapy alone is used for intermediate 

cancers (the ―bad‖ group, about 50% of all rectal cancers) and chemoradiotherapy with 5-

FU only for the advanced cancer (―ugly‖ group, about 10-15%). The knowledge of late 

toxicity from radiation alone is extensive, and it is thus presently used more selective than 

in the past. Whether combinations with chemotherapy increase late toxicity even further is 

poorly known, but the most recent trials imply that this may be the case. 
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chemoradiation protocols, along with new radiotherapy techniques creates uncertainties in 

defining constraints for normal tissue tolerance.  

Importantly, late effects can develop and progress for many years after   treatment. Symptoms 

of nerve damage following radiotherapy for breast cancer can occur 15 years after the 

treatment [25]. Studies of heart complications after radiation therapy for breast cancer have 

revealed a latency period of 10 years between treatment and cardiovascular disorders [26]. 

Thus, regarding cardiovascular side effects a follow-up time of 15-20 years is necessary for 

proper evaluation.  

 

One problem in the reporting and evaluating of radiotherapy side-effects is the lack of follow-

up data. If follow-up is maintained it is often undertaken in local hospitals, with a focus on 

diagnosis of a relapse rather than recording side-effects. There is in Sweden, and likely also 

world-wide no capacity at the referral clinics for regular follow-up and important information 

is lost for the treating specialists. 

 

The use of chemotherapy or targeted drugs in Sweden (both concurrent or sequentially) in 

combination with radiotherapy will change the frequency and panorama of both early and late 

radiation side effects. The mandatory tumour-group specific Quality Registers may enhance 

the knowledge in present treatment regimens in Sweden. From these registers it will be 

possible to identify subgroups of patients for further studies on specific drugs, treatments and 

side-effects.  

 

3.2.6. Recommendation 

Reporting of severe and unexpected side effects 

A central board should be established in Sweden for the registration of severe and unexpected 

side effects (acute and late) from radiation therapy.  The proposed board should on an annual 

basis analyse and summarise reported side effects. Through this action it would be possible to 

early detect a specific side effect or a high frequency of severe side effects associated with a 

particular drug or radiation technique. Early actions could hence be taken. 

 

Reporting of endpoints 

Endpoints used in the evaluation of side effects are not well defined and different scales are 

used. Hence evaluation of late effects becomes difficult. This is clearly stressed in the 

QUANTEC report.  

 

The radiotherapy community needs to decide on a common validated toxicity scale where 

acute and late morbidity should be reported in a standardised way to facilitate the comparison 

between different treatments. All new radiotherapy protocols should include this scoring 

system. 

 

Reporting to the national quality registries must be improved. Presently, complete registration 

is only done in a few diagnoses. Even in these, only early outcomes, together with overall 

survival gathered from another registry, are reported. The information about given 

radiotherapy is very limited, and must be more detailed. Development of systems that can 

collect information of radiation doses, including dose-volume histograms, and link it to the 

clinical information in the quality registers must be given high priority. Not to forget, 

radiotherapy is an important treatment modality for a substantial group of cancer patients but 

its potential late side-effects must be considered carefully especially as it may be aggravated 

by adding medical treatments.   
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3.2.7. Conclusions 
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3.3. Paediatric oncology – late effects after radiotherapy 

3.3.1. Background 

The number of patients surviving their cancer diagnosis has increased. Today, 6 in 10 adult 

patients who were diagnosed with cancer 10 years ago are still alive, and 8 in 10 children 

become long-term survivors [1]. This positive development has shifted the focus in cancer 

therapy from survival at any cost to survival at a reasonable cost, particularly in children, 
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where the expected life span is particularly long. The intensified therapy often results in 

adverse side effects appearing long after the end of treatment, so called late effects. These late 

effects can be caused by different treatment modalities, but it is well documented that 

radiotherapy underlies severe cognitive, endocrine, reproductive, cardiac, pulmonary and 

other late effects. In addition, ionising radiation increases the risk of secondary malignancies. 

Radiotherapy to the developing brain, for example, causes progressively debilitating cognitive 

deficits. The younger the patients at the time of treatment, the more severe are the late effects. 

If the patients are younger than 3-4 years, radiotherapy to the brain is generally not even 

considered because of the devastating consequences. The biological basis for this, however, 

remains largely unknown, but recent discoveries in neural stem cell biology and brain 

plasticity have provided clues towards a deeper understanding of the effects of ionising 

radiation on the developing brain. Continuous efforts are made to reduce or even eliminate 

radiotherapy, when possible, not only for central nervous system disease. An example of such 

efforts is the case of the European protocol for treatment of Hodgkin‘s lymphoma in children.  

 

3.3.2. Novel aspects on CNS late effects in paediatric oncology 

Brain tumours constitute approximately one third of all childhood neoplasms and survival 

rates after primary or metastatic tumours located within or close to the central nervous system 

(CNS) have increased over the last decades [2]. Despite improved techniques in neurosurgery 

and advances in chemotherapy, radiation therapy remains an essential treatment modality for 

malignant brain tumours, as well as for CNS involvement of leukaemia and lymphoma. 

Whole body radiation therapy, including the head, is also used in some conditioning protocols 

prior to hematopoietic stem cell transplantation (also called bone marrow transplantation). 

However, radiation therapy is also one of the major causes of long-term complications seen in 

survivors of paediatric brain tumours. Intellectual and memory impairments as well as 

perturbed growth and puberty are some of the so-called late effects seen after radiation 

therapy [3-7]. These impairments have been shown to be more severe in children younger 

than 3 years of age at the time of radiation therapy [8-10].  

 

Ionising radiation can produce free radicals and DNA damage, causing mainly proliferating 

cells to undergo apoptosis or mitotic catastrophe. Cells may also enter into a quiescent state 

and die at a later time point. The brain is relatively radio-resistant, because of postmitotic 

neurons and limited proliferation of other cell types. Neural stem and progenitor cells have a 

prominent proliferative capacity and are therefore highly vulnerable to irradiation. The two 

main neurogenic areas, the subventricular zone (SVZ) of the lateral walls of the lateral 

ventricles and the subgranular zone (SGZ) of the dentate gyrus (DG) in the hippocampus, are 

highly susceptible to irradiation-induced injury. This has been demonstrated in rodents [11-

14] and appears to be true also for humans [15]. A single dose of 6 Gy to young rat [16] or 

mouse brains [17], produced a long-lasting, apparently permanent, decrease in hippocampal 

neurogenesis [12]. A single dose of 8 Gy to the young rat brain virtually abolished growth of 

the DG and the SVZ, with no morphological recovery, as judged by the size of the neurogenic 

regions [11]. There was a difference between the DG and the SVZ, though, such that BrdU 

incorporation and neurogenesis in the rat SVZ recovered with time, to approximately 50% of 

control values, but neurogenesis in the DG remained reduced to 5% of control levels [16]. A 

single irradiation dose of 8 Gy applied to the rodent brain corresponds approximately to 18 

Gy delivered in 2 Gy fractions to patients, according to the linear quadratic formula and an 

alpha/beta ratio of 3 for late effects in the normal brain tissue [18]. Patients with acute 

lymphoblastic leukaemia (ALL) who have an increased risk of CNS relapse (such as T-cell 

ALL, overt CNS involvement, high-risk cytogenetic features, or poor response to remission 
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induction treatment), and patients with acute myeloid leukaemia (AML) who present with 

overt CNS disease at diagnosis, are treated with 12-18 Gy cranial irradiation. The dose used 

for treatment of paediatric brain tumours like medulloblastoma is higher, up to 55 Gy to the 

tumour bed, combined with 35 Gy craniospinal radiation.  

 

The relatively greater susceptibility of the young DG to irradiation, which abolishes 

neurogenesis and further growth of the DG, may help explain the cognitive deficits observed 

in paediatric patients treated with cranial radiotherapy. Non-CNS cancer survivors had similar 

education, employment, and income as the general population in adjusted models, whereas 

survivors of CNS tumours more often than the general population had only basic education, 

less often attained education beyond secondary school, and were less often employed [19]. 

The cognitive deficits may not be obvious until months or years after radiotherapy and usually 

become more pronounced over the years to follow, such that the difference between the 

patients and their peers becomes greater with time. The reason for this is that cognitive 

capacity of normal, non-treated children increases with age; however, the capabilities of the 

children treated with cranial radiation therapy increased either more slowly, not at all, or even 

decreased [20] resulting in a decline in IQ relative to the peer group. Most likely, cognitive 

deficits are a result of failure to learn at a rate that is appropriate for the age of the child, 

rather than a loss of previously acquired knowledge [21]. They remember what they learned 

earlier but have difficulties learning new things. Learning disabilities in children treated with 

cranial radiotherapy are, at least partly, due to poor attention and deficient working memory. 

The hippocampus is known to be important in memory function and the lifelong birth of new 

granule neurons in the DG of rodents and humans is considered to be important for 

maintaining memory function and being able to adapt to a changing environment [22-24]. 

This leaves us with a possible target for novel rehabilitation strategies of patients treated with 

cranial radiation therapy.  

 

It is known that voluntary running increases cell proliferation and neurogenesis in the 

hippocampus of rodents [25, 26], with concomitant improvements in cognitive function, 

spatial memory and learning [27, 28]. Cranial irradiation (6 Gy) of 9-day-old male mice 

decreased the number of undifferentiated (GFAP+ / SOX2+) stem cells and reduced 

hippocampal neurogenesis 3 months later. Four weeks of voluntary running, introduced 2 

months after irradiation, not only restored stem cell and neurogenesis levels, but also 

ameliorated the hyperactive behaviour caused by irradiation [17]. Interestingly, irradiation not 

only reduced neurogenesis, it also perturbed the structural integration of newborn, DCX-

positive neurons as late as 3 months after irradiation, as judged by disoriented dendritic 

processes, and this disorientation was normalised by physical exercise [17]. In another, recent 

study young adult (8 weeks old) female mice were irradiated (5 Gy) and given free access to a 

running wheel from one month after irradiation, demonstrating that voluntary running 

ameliorated the progressive memory decline observed after irradiation and partly restored 

neurogenesis [29]. It is also possible that replacing the lost neural stem and progenitor cells 

with new ones, may have beneficial effects. Most transplantation paradigms aim at replacing 

differentiated cells, for example neurons, after an injury. In this case, however, the purpose 

would be to replace lost undifferentiated cells with other undifferentiated cells. The positive 

effects observed in such experiments [30] are presumably the result both of stem cells 

differentiating into neurons and glial cells, but perhaps the greatest effects are mediated by 

growth factors and tropic factors secreted by the undifferentiated neural stem cells. These 

studies inspire hope that physical exercise can be used in the rehabilitation of young and adult 

cancer survivors. It is interesting to note that it was possible to wait until adulthood to 

introduce physical exercise, even when the mice were irradiated during early childhood [17]. 
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Based on current knowledge, it is not known when the optimal time point would be to 

introduce exercise in rehabilitation programmes, but it is encouraging that physical fitness is 

correlated with increased hippocampal volume and superior relational memory task 

performance in preadolescent children [31] and that also in elderly humans fitness correlated 

with increased hippocampal volume and better spatial memory performance [32]. Healthy but 

sedentary elderly humans who participated in an aerobic training programme displayed 

significant increases in brain volume, in both grey and white matter regions, unlike the control 

group, participating in toning and stretching only [33]. It was also shown that one year of 

aerobic training improved the aging brain's resting functional efficiency in higher-level 

cognitive networks [34]. Hence, further studies are needed to address when and to what extent 

exercise should be introduced in the rehabilitation of young and adult cancer survivors. 
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4. Quality management of advanced radiation therapy 
technologies 

4.1. Quality assurance dosimetry 

The complexity of many steps in the radiotherapy process has escalated during the past years. 

The increased complexity has given us tools to better treat patients in a more effective manner 

and also to potentially increase the therapeutic ratio. New computer driven radiotherapy 

equipment with advanced commercially available imaging and delivery techniques (IMRT, 

IGRT, IMAT, VMAT) are implemented in the clinics at a high pace. The use of imaging 

modalities such as PET and MR, co-registered with the treatment planning CT, has also been 

introduced as important aids in the segmentation process of target volumes and organs at risk.  

In order to reduce adverse consequences to the treatment a decrease in CTV-PTV margins is 

discussed and also implemented in some instances. As a consequence, increased use of image 

guidance, preferably soft tissue image guidance, for increasing the precision and accuracy in 

the radiation delivery is stipulated in more and more study protocols and health care 

programmes. In addition 4D CT based treatment planning, taking target movements into 

consideration in the delivery process, is also making its way into the clinic, via gating [1] and 

tracking techniques [2-4]. The ultimate step is to follow tumour shrinkage and adapt the 

delivery with the use of daily soft tissue imaging techniques with instant re-planning based on 

―target-of-the-day‖ [5]. 

 

It should be stressed though that the positive reports of a reduced toxicity with IMRT 

compared to 3DCRT [6, 7] is to some extent hampered by other reports where tumour control 

has been worse compared to 3D-CRT due to a reduction in margins [8]. Hence, in order to 

really increase the therapeutic ratio great caution should be taken when introducing these new 

techniques, especially regarding margins and CTV delineation [9, 10]. 

 

The introduction of a large number of new complex steps in the radiotherapy chain has put 

focus on how to deal with the increased burden of quality assurance and quality controls 

needed in order to keep the entire process, from segmentation to radiation delivery, safe and 

within acceptable tolerance limits. 

 

The traditional approach of QA is prescriptive based on guidelines with a list of tests and 

tolerance values for measured parameters. There are numerous published recommendations 

and guidelines from different societies on quality control of radiotherapy equipment and 

related procedures, i.e. CT-scanners and virtual simulation [11, 12], beam data commissioning 

[13], treatment planning systems [14-16], medical accelerators [17-19], image verification 

systems [1, 20-22], IMRT commissioning and implementation [23-25], IT networking [26]. 
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The amount of device specific QA items is hence today massive and thereby very time 

consuming and staff intensive. There have been a number of reports in the literature focusing 

on this problem suggesting new directions and tools for QA of the modern radiotherapy 

process. Specification of operating limits for equipment and procedures is still an essential 

part of a quality programme but a more process-oriented type of QA, using industry 

engineering quality management tools, has been proposed [27]. Examples of tools widely 

used in industry are e.g. Statistical Process Control (SPC), Failure Mode and Effect Analysis 

(FMEA), Root Cause Analysis (RCA), amongst others. SPC has been proposed as a suitable 

method for radiotherapy QA by e.g. Pawlicki et al [28, 29]. The AAPM Task Group 100 on 

―Methods for evaluating QA needs in radiation therapy‖ has also taken a new QA approach 

based on risk assessment. TG 100 suggests FMEA for IMRT and HDR brachytherapy. Their 

objective is to determine the specific areas that have been omitted in previous reports and 

which need better coverage to develop a suitable general QA programme. They will identify a 

structured systematic QA programme approach that balances patient safety and quality versus 

resources commonly available. The final report of the task group is yet not published. 

 

An excellent collection of papers on QA of modern radiotherapy techniques was published as 

a supplement in Int. J. Radiation Oncology Biol. Phys., Vol. 71, 2008, presenting work from 

an interdisciplinary symposium entitled ‗‗Quality Assurance of Radiation Therapy: The 

Challenges of Advanced Technologies,‘‘ held in Dallas, TX, 2007. This meeting was 

sponsored jointly by the American Society for Therapeutic Radiology and Oncology 

(ASTRO), the American Association of Physicists in Medicine (AAPM), and the National 

Cancer Institute (NCI). The goal of the meeting was ―to address the widespread concern that, 

in patients receiving radiation therapy with advanced technologies, current QA practices and 

protocols do not provide adequate or cost-effective safeguards against treatment delivery 

errors that have the potential to degrade the expected therapeutic ratio or, in extreme cases, to 

cause acute injury‖ [30]. 

 

The conclusions of the symposium were summarised by Williamson et al 2008. The main 

consensus findings were: 

 

ESTRO has also realized the need for addressing the issue of quality management with 

advanced radiotherapy techniques and has recently initiated the formation of a task group 

working with the subject.  

4.1.1. Recommendation 

The number of IMRT treatments in Sweden is still quite low but they are assumed to increase 

rapidly in the near future at university hospitals as well as at non-university hospitals. It is 

generally agreed that the QA burden associated with IMRT is a hampering factor in 

increasing the number of IMRT treatments. IMRT routine QA is today usually patient 

specific, e.g. the treatment plan is transferred to a homogeneous phantom containing a 2D ion-

chamber or diode detector array. The composite 2D measured dose distribution is then 

 The current device-centred QA approach is not optimal for advanced radiation therapy 

technologies 

 New approaches to QA are needed to manage risk/mitigate errors and minimise the risk 

for catastrophic events 

 A more multidisciplinary process-oriented, risk-based QA approach is needed, 

balancing resources and quality. 
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compared with the Treatment Planning System calculated and usually evaluated in term of 

distance-to-agreement and dose-difference criteria with the so called gamma-method. The 

drawbacks with these detectors are their relatively poor resolution and that the measurements 

are very time consuming and simply not possible to do in every patient if we would like to 

give IMRT to all patients we think would benefit from it. In addition the gamma test criteria is 

usually set at some arbitrary test value, e.g. 3%/3mm with a pass rate of 90%, irrespective of 

the complexity (e.g. modulation) of the IMRT-treatment and irrespective of the anatomical 

site and/or diagnosis treated. 

 

More sophisticated 3D and even 4D QA-devices are now commercially available for IMRT 

and VMAT pretreatment verification [31-33] which can reconstruct measured dose onto a 

patient CT data set and hence facilitate comparisons in terms of e.g. DVHs. Independent dose 

calculation tools are also becoming more advanced [34]. How measurements and calculations 

should be combined in an optimal way still need further investigation. 
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4.2. Image-guided radiotherapy IGRT from a radiation protection 
point-of-view 

The principal purpose of image-guided radiotherapy (IGRT) is to measure and correct for 

unwanted geometric displacements of the patient and the treatment beams, as compared to the 

treatment plan. At the same time, the information obtained through imaging may also be used 

to revise the original treatment plan, and IGRT then can become an iterative, adaptive 

process.  

 

IGRT can be conceived as a classical radiation protection dilemma. Clearly, it is expected that 

improved imaging, in general, will be beneficial for the patient. This assertion is based on the 

fact that good imaging allows for safe geometric corrections, giving a potential for reducing 

the margins. This, in turn, could lead to better conformity to target structures, and better 

avoidance of risk organs, which is commonly assumed to result in better radiotherapy, with a 

higher probability of complication-free survival. A great break-through in this respect will be 

the introduction of adaptive radiotherapy. In addition, improved imaging will also increase the 

chances for detecting treatment errors in an early stage, thus avoiding potential mistreatments. 

On the other hand, the unwanted additional dose from intensified imaging may be detrimental 

to the patient. The imaging dose is generally not included in the treatment planning process, 

and does not contribute constructively in a conformal treatment. On the contrary, it will result 

in a non-specific radiation exposure to large regions of the patient, in most cases including 

also the risk organs intended to be spared from radiation. Thus, the imaging dose may 

increase both the short-term complication probability and the long-term risk for secondary 

cancers. 

 

In conclusion, there is a real and urgent need for evaluating radiotherapy guidance using x-ray 

imaging with respect to its justification and possible optimization opportunities. Data on dose-

levels are plentiful and scattered throughout the literature. However, there are very few 

reports approaching the problem from a radiation protection point of view. Two excellent 

exceptions are the TG-75 report of AAPM [1] and the BFCO(08)5 joint report of 

RCR/IPEM/SCR (2008) [2]. The AAPM TG-75 report also provides a very good compilation 

of dose-levels for the different imaging techniques. 
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In this report, we have reviewed the available data on imaging doses from different 

modalities, and from these data estimated the total effective dose from several different 

imaging strategies. We have then used these results in an attempt to illustrate the trade-off 

between gains in accuracy on one hand, and increased imaging dose to the patient on the 

other. The results can be used in the discussion of justification of intense image-guidance in 

radiotherapy. 

4.2.1. Imaging technologies used in radiotherapy 

In the preparation and planning process, imaging is used for several purposes. Computed 

tomography (CT) is used to create a patient model for treatment planning in 3D or 4D (time 

resolved), and at the same time to provide an electron density matrix for the dose calculations. 

Fluoroscopy is used to monitor internal movements of the patient, but also as an aid when 

positioning brachytherapy sources. Conventional simulation, however, has nowadays largely 

been replaced by digitally reconstructed radiographs obtained from the treatment planning 

CT. This is a rare example where accuracy has actually been improved while decreasing the 

image dose to the patient. For certain palliative treatments, a simple beam configuration with 

one or two beams can often be defined without the aid of a treatment planning CT, in which 

case the associated dose could be spared.  

 

When the patient arrives to the treatment, various types of imaging are used to ensure that the 

position on the treatment couch is as close as possible to the treatment planning position. 

Planar images of the treatment fields and/or isocentric orthogonal projections are obtained, 

either with the MV linac beam, or with a machine-integrated kV x-ray device. Double-

exposed combinations of the treatment-field and a full-aperture beam are sometimes used to 

facilitate anatomical matching, primarily with bone structures. CT imaging is increasingly 

used, either with a separate unit, or with integrated fan- or cone-beam devices, which to some 

extent makes it possible to do anatomical matching using soft tissue structures. Repeated 

imaging is common after patient positioning corrections are made, and it is expected that CT 

imaging in the future will be used also for adaptive radiotherapy with repetitive adjustments 

of the target volumes. 

 

The largest imaging doses are obtained in cases of live imaging, such as for instance for the 

positioning of brachytherapy sources during fluoroscopy, or for real-time monitoring of 

breathing motion. With the fixed orthogonal kV-panels on the CyberKnife unit, using 30-50 

images, patient doses of up to 20-200 mGy can be reached in one fraction. Similar techniques 

are in principal available also with the BrainLab ExacTrac, Varian‘s OBI, and Elekta‘s XVI 

equipment. One exception to this is when the MV treatment beam is viewed in cine-mode by 

using the EPID unit, in which case there is no extra dose to the patient. 

 

The prime source of data on dose levels from the different imaging modalities has been the 

report of the AAPM Task Group 75 on the management of imaging dose during image-guided 

radiotherapy [1]. Additional data on MV-imaging with Siemens equipment can be found in 

the reports by Pouliot et al [3]. The AAPM Task Group 75 states that the associated 

uncertainty factor is on the order of 2.  

4.2.2. Imaging strategies and protocols 

Depending on the goals of a particular treatment, different imaging strategies may be 

employed. Such strategies can be either ―on-line‖, where imaging and necessary corrections 

are made prior to each treatment session (i.e. reducing the overall uncertainty to a minimum), 
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or ―off-line‖, where imaging is used only sparsely, according to a suitable protocol aimed at 

minimising the systematic deviations as compared to the treatment plan (i.e. an improved 

trueness). The summation of the total imaging dose is not entirely straight-forward, however, 

as data on dose contributions from different modalities are in general presented in different 

ways. The actual absorbed dose to the patient is rarely reported explicitly for a specific 

examination. Data is more often given in terms of different dose indices (such as CTDI, DAP, 

DLP, etc), air kerma, or, for accelerator based imaging, sometimes even only as the number of 

given monitor units. Furthermore, the dose distribution may be very different between 

different imaging modalities (e.g. planar vs. tomographic imaging). In principle, it is of course 

possible to calculate the dose distribution due to imaging [4, 5], and then to sum all 

contributions, but a more practical approach, which was adopted by [1], may be to measure 

the detrimental effects of imaging in terms of the effective dose. The AAPM TG75 report 

describes how to convert dose indices (such as CTDI or DAP) to effective dose, and also lists 

conversion factors for a number of different kV and MV examinations [1]. The contribution to 

the effective dose from different imaging procedure can then be tabulated, and added together 

for a particular imaging strategy. The summed value for the entire treatment course can also 

be used to estimate the associated risk for secondary malignancies by using the ICRP risk 

factor (5·10
-5

 mSv
-1

).  

4.2.3. The trade-off in IGRT 

Common for all imaging strategies is that there is, in general, a trade-off between gain in 

accuracy on the one hand and work-load on the other. More important for this work, however, 

is that there may also be a trade-off between gain in accuracy and imaging dose to the patient. 

In order to illustrate this, we have in this report considered three different hypothetical 

imaging strategies, all applied to a treatment of 30 fractions in the pelvic region. For all 

strategies, we have assumed that the treatment plan is based on a regular CT. For the rest of 

the treatment, the strategies differ with respect to the imaging protocol used for set-up 

corrections. In the first example, which is representative for current common practice, we 

assume an off-line no-action level (NAL) protocol, where orthogonal planar images are 

acquired for the first three fractions, and then once every second week. In the second 

example, on-line corrections are made at each fraction based on orthogonal planar images. 

The third example, which is an example of extremely intensive IGRT, is similar to the second 

case, replacing the orthogonal images with cone-beam CT.  

 

By using the data from the AAPM Task Group 75 report, the total effective dose was 

calculated for these three different imaging strategies, and the results are shown in Table 1, 

together with the associated ICRP risk for secondary malignancies.  

 

 Strategy 1 Strategy 2 Strategy 3 

Planning CT 9 mSv 9 mSv 9 mSv 

NAL (3 first + 1/2 w) 6x1.5 mSv - - 

On-line orthogonals - 30x1.5 mSv - 

On-line CBCT - - 30x6 mSv 

Total effective dose 
Risk 

18 mSv 
0.1% 

54 mSv 
0.3% 

189 mSv 
0.9% 

 
Table 1. The total effective dose due to the three different imaging strategies, together with the associated ICRP 
risk for secondary malignancies 
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From the above, it is clear that the potential benefits of IGRT come with a cost. As it is 

expected that the increased effective dose for the on-line strategies pays off in terms of better 

accuracy, one may envision a trade-off between required margins and total effective dose. In 

an attempt to find approximate numerical values for this trade-off, one may use commonly 

applied margins for off-line and on-line IGRT. Let us therefore assume that a 10 mm margin 

would be appropriate when using the NAL off-line imaging strategy, while it could shrink to 

about 5-7 mm for the on-line strategies (the higher value for orthogonal images and the lower 

for cone-beam CT). Then, the anticipated trade-off can be visualized in a graph such as the 

one presented in Figure 1. 

 

 
Figure 1. Trade-off between required margins and total effective dose for a treatment with 30 fractions 
in the pelvic region 
 

4.2.4. Discussion 

The primary goal of IGRT should be to mitigate the effects of uncertainty in the tumour 

position, which, in combination with inadequate margins, is otherwise associated with a risk 

for geographical misses, particularly in the case of mobile targets [6]. In addition, IGRT also 

brings a potential for reducing the margins, maintaining adequate target coverage, which 

hopefully will lead to less toxicity to surrounding healthy tissues [6, 7]. 

 

Added together, however, the total dose from all imaging procedures during a course of 

radiotherapy can amount to a significant contribution to the target, far greater (10-100 times) 

than common diagnostic reference levels. ―Aggressive‖ imaging protocols may yield an extra 

10-50 mGy per fraction, i.e. up to several per cent of the target dose. For adjacent risk organs, 

the therapeutic dose may already be close to the tolerance level, and the sum of all imaging 

dose contributions could therefore potentially be very important.  

 

Although the actual numbers are associated with great uncertainties, Figure 1 may serve well 

to illustrate the diminishing return from increasing IGRT efforts. Going from off-line to on-

line imaging may allow for a significant reduction of the margins, but going from planar 

imaging to cone-beam CT imaging may not give substantial further reduction. In particular, 

there is a lower limit to margin reduction due to residual uncertainties, which cannot be 

eliminated by ever so much imaging. Since more imaging always leads to a higher effective 

dose, it is therefore reasonable to assert that there is a point beyond which further IGRT may 

be deemed ineffective. It has been proposed that this point should be set as a maximum 

tolerable total effective dose from imaging, and that a reasonable value for this threshold 
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could be 100 mSv (see Figure 1), corresponding to an ICRP risk for secondary malignancies 

of 0.5 % [2, 8]. In our example case, this would mean that imaging strategy 2 gives the best 

result with respect to its potential for margin reduction, without exceeding the effective dose 

tolerance level. It should be emphasised that this is only a hypothetical example, and that no 

general conclusions can be drawn from this, except that it seems possible to construct this 

type of trade-off scenarios in order to help decide on what is the most adequate imaging 

strategy for a particular situation. 

 

In Table 1, the usually quoted risk figure of 5% per Sv has been used but it should be noted, 

that this number is age dependent and can be up to 15% per Sv for children [9]. It is also not 

clear if these figures apply in the radiotherapy setting, where the concomitant exposure to a 

high therapeutic dose and a low imaging dose to a large volume may generate bystander 

responses hitherto only scarcely understood [10]. 

 

Technically, the calculated image dose distribution could be added to the treatment plan [4], 

which in turn may be modified (e.g. with smaller field sizes) to account for information 

acquired as a consequence of using more frequent imaging. However, although the physical 

doses from imaging and therapy are additive, the corresponding biological effects are 

probably not. Theoretically, some of the radiobiological effect of the imaging dose may be 

lost due to repair of sub lethal damage during the delay between imaging and treatment [11]. 

Furthermore, the small imaging dose given at some time before the treatment may even have 

an influence on the effect of the treatment itself. It has been demonstrated in cell experiments, 

that a small pre-treatment imaging dose may increase the radioresistance of the tumour cells 

[12]. Together, these results suggest that a procedure to account for the imaging dose simply 

by reducing the treatment dose with an equal amount could lead to reduced tumour control 

probability.  

 

One obvious way to allow for more frequent imaging without exceeding the effective dose 

tolerance level is of course to find ways to reduce the imaging doses. There are many 

opportunities to do this. One way may be to use implanted geometrical markers, given that the 

associated discomfort and any possible risk of complications are considered acceptable. In 

specific cases, IGRT based on planar kV imaging together with implanted markers may do the 

job just as well as cone-beam CT, in which case less dose will be required [13]. Many times, 

the imaging protocols used in radiotherapy are copied from diagnostic radiology. By adapting 

the protocols specifically for IGRT, imaging doses could be reduced substantially. In general, 

the requirement on overall image quality is not as high for IGRT as for diagnostic radiology. 

For instance, field sizes or scan lengths should be limited to cover only the anatomical 

landmarks, or implanted markers needed for correct patient/target localisation. The largest 

imaging doses are obtained during live imaging, such as in real-time monitoring of breathing 

motion, but also in this case dose reducing measures can be taken. For instance, the number of 

frames per second could be reduced from 15-30 fps down to 3-4 fps without any considerable 

loss of accuracy. If adequate information can be obtained by imaging using the treatment 

fields, such procedures should be preferred. Finally, non-radiological localisation methods 

may also be considered when applicable, such as video, ultrasound, or electromagnetic 

markers. For advanced soft-tissue IGRT, MRI may be the modality of choice in the future. 

 

The first step towards lower imaging doses in radiotherapy, however, is to increase the 

awareness among the practitioners. While image doses are under strict control in other image-

guided procedures, such as image-guided surgery and interventional radiography, they are in 

radiotherapy widely disregarded. This is in contrast to other concomitant dose contributions 
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from scattered radiation and leakage, which has given rise to a concerned discussion about the 

risk for induction of secondary malignancies after intensity-modulated radiotherapy in its 

different forms. For radiation leakage there are even recommendations on dose limits. It is our 

belief that an analysis of the trade-off between the potential gains in accuracy vs. the 

increased imaging dose from intensified imaging, similar to what has been presented in this 

report, may help increase the awareness about concomitant dose contributions also from 

IGRT.  

4.2.5. Conclusions 

 

 

 

 

 

 

 

 

 

 

4.2.6. Recommendation 
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