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Acute side effects of irradiation

• occurrence during treatment until 90 days after end of treatment
• classification after RTOG/EORTC 
• radiogenous inflammation
• dependent on dose at organ, fractionation, type of organ, volume of  
irradiation,  combined modalities (drug therapy, operation), earlier 
damage to organs, individual disposition (morbidity, intrinsic radiation 
sensitivity)

• may disappear completely after end of irradiation
• may precede late side effects
• may compromise organ function
• may compromise the well being
• may require supportive care 



Mantle Field 36 Gy (30 Gy + 6 Gy)



Pneumonitis 42 days after end of irradiation



Late deterministic side effects of irradiation

• occurrence later than 90 days after end of treatment
• classification after RTOG/EORTC 
• radiogenous chronic inflammation, scarification, 
impairment or loss of organ function

• may persist after end of irradiation
• may compromise organ function
• may compromise the well being
• may require supportive care 



Example of Radiation late effect Universitätsklinikum
Münster

Parisi et al., RadioGraphics 1999





Late effect dependency
Universitätsklinikum
Münster

• patient dependent factors:
– age, growth status, gender
– type of organ 
– earlier damage to organs
– individual disposition (morbidity, intrinsic radiation 

sensitivity)

• therapy dependent factors:
– organ doses
– volume of irradiation
– volume parts of irradiated organs
– fractionation and total dose
– combined modalities (drug therapy, operation)



Limitations of retrospective analyses of late effects:

• Long time interval between treatment and analysis
• No general availability of modern treatment planning tools
• Poor documentation of the real treatment
• No strict control of real administered doses in TOS
• Obsolete treatment techniques

• No well established dose effect relationship in children



Situation at the outset (1998)

• Broad experience regarding anti-tumour efficacy of 
radiotherapy

• No systematic evaluation of radiation associated 
toxicities in paediatric clinical trials

• No detailed correlation between organ dose levels 
and side effects
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German working group paediatric radiation 
oncology (APRO):

• Concept for prospective, multicentric and therapy trial 
independent evaluation of early and late toxicities of 
radiotherapy 

("RRegiistry for the Detection of Late SSequelae after Radiotherapy
in CChildhood and Adolescence" (RiSKRiSK))

• Aim: 
Optimizing treatment recommendations in future 
clinical trials regarding radiotherapy and its 
interactions with other therapy modalities.
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("RRegiistry for the Detection of Late SSequelae 

after Radiotherapy in CChildhood and Adolescence" (RiSKRiSK))
Aims

• Optimizing treatment recommendations in future clinical trials regarding 
radiotherapy and its interactions with other therapy modalities 
particularly for future GPOH-studies

• Correlation of dose and organ

• Therapy study - independent prospective multicentric evaluation of 
early and late toxicities of radiotherapy in the framework of GPOH-
studies

• Establishing organ tolerance doses dependent on age and therapy 
modalities (operation, drug therapy).

• Individual alerts



RiSK – Concept
"Registry for the Detection of Late Sequelae after Radiotherapy in 

Childhood and Adolescence" (RiSK)

• Use of basis data forms of performed radiotherapy
• Correlation of dose and organ
• 3-D-planning, DVH, dose measurement
• central documentation of basis data 
• Follow-up examinations
• Data analyses and establishment of dose/effect 

relationship per organ
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Münster
Involved centers: 

n=62

Recruitment 
(011/2013)
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n = 1578



Recruitment data (11/2013)
• Patients: n= 1578

(56% m, 44% f) 
including proton treatments  n = 262 (3 with recurrences)

• Radiotherapy basis documentation forms      n= 1623

Therapy %
1st Therapy ~ 90
Recurrence 1 ~ 10
Recurrence 2 ~ 0.4

• No. of toxicity documentation forms:
– acute: n= 1299

– late: n= 3296

• Centers involved: n=     62
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3-D-Planning
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Dose-Volume-Histogram
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Dose measurement

Organ dose thyroid gland
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Documentation forms
• Detail evaluation of acute toxicities (EORT/RTOG)
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Documentation forms
• Detail evaluation of late toxicities (EORT/RTOG)

Universitätsklinikum
Münster

RiSK



First results Universitätsklinikum
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First (preliminary) analyses were performed on:

• Acute and late effects lung (preliminary)
• Acute toxicity Liver
• Acute toxicity salivary glands
• Acute and late effects bowel
• Late effects kidney
• Late effects thyroid gland

RiSK



4/2013



4/2013



• 167 pat. with thoracic irradiation and DVH of lungs:

RiSK data base: 
Lung irradiation

Database of  1050 registered patients from  62 centres 
(05.09)

•80 pat. with M. Hodgkin

•55 pat. with Ewingsarcoma

•17 pat. with soft tissue sa.

• 6 pat. with nephroblastoma

• 9 others



Irradiated lung volumes Universitätsklinikum
Münster
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DVH-based analysis Universitätsklinikum
Münster

• Comparison of patients with and without pulmonary 
function impairment
– Acute side effects
– Maximal late side effects
– Last side effects, i.e. side effects at last information

• Calculation with whole lung volume, no separation left 
/ right lung



Follow up of 167 patients with thoracic irradiation:

•120 Pat. with documentation of acute-toxicity of the lungs
•95 Pat. with documentation of late effects of the lungs

•median age (RT): 14.7 years (2.3-25.5 years) (9 pat. >18 years)

•median follow-up: 23.5 months (4-84 months)
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Recorded toxicities after RTOG/EORTC:



n = 74       n = 13       n = 4      n = 3          n = 1

p:

0 vs. 1: 0.170

0 vs. 2:  0.841

20 Gy

DVH-based analysis
dose -
volume –
toxicity 
correlation.



n = 74       n = 13       n = 4      n = 3          n = 1

p:

0 vs. 1: 0.937

0 vs. 2: 0.027

15 Gy

DVH-based analysis
dose -
volume –
toxicity 
correlation.



n = 74       n = 13       n = 4      n = 3          n = 1

p:

0 vs. 1: 0.926

0 vs. 2: 0.117

10 Gy

DVH-based analysis
dose -
volume –
toxicity 
correlation.



Results lung:

•reduced lung function after thoracic irradiation is not rare

•up to now no data regarding organ dose / volume relationship

•First indications of relevance of organ volumes also in the 
low dose area (<20 Gy) (IMRT?)

Correlations of 
organ dose / volume / toxicity relationships 
become possible



General conclusions:

Dose-volume-effect-relationships regarding acute and side effects of irradiation in
children and adolescents can be established by means of prospectively collected 
planning data using 3-D-planning, DVH, dose measurements and their correlation with 
observed side effects.

Further aims:
More detailed analyses  are required regarding 
• age, 
• fractionation, dose rate
• combined modalities with chemotherapy and/or surgery, 
• time of appearance and 
• course of side effects.

Information to affected children and parents is improved.

The registry will contribute to optimised treatment recommendations in future clinical 
trials regarding radiotherapy and its interactions with other therapy modalities.

The RiSK project focusses mainly on late effects of irradiation.

RiSK
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