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Risk  of  secondary  cancers  after  radiotherapy

for  benign  diseases  



Radiogenic  cancer  risk:

The  number of excess cancers in a

population exposed to radiation



Absolute  Risk

The probability of cancer induction following exposure to radiation

Example: Conceptus radiogenic risk

Radiation  risk  for  childhood  cancer :  6%  per Gy  (6%  per 1000 mGy) 

If  the  conceptus  dose  is  10 mGy, the   risk  of  excess  childhood  fatal  

cancer  is   0.06%   



Relative  Risk

Designates  the  risk  in  comparison  to  the  background  cancer 

risk  i.e.  the spontaneous incidence

• A  relative  risk  of  1.0 indicates that there is no effect or exposure 

• A  relative  risk  of  1.4  indicates  that exposure is associated with a 

40% increase in cancer incidents above background rates

Conceptus risk: Stewart et al found a 1.3-1.4 relative risk 

Absolute risk: 0.06%

Bg risk: 0.2

Increase: 30%   



Radiation  Risk  Assessment

Radiation risk assessment is not a precise science

Large uncertainty can be associated with a given radiation risk estimate



Is  it  important  to  know  the  risk of

radiation-induced cancers after  RT  

for  benign  diseases?

• To provide information about risks to (referring physicians, ROs and) patients

• To balance benefits with risks

• To provide information to referring physicians useful for the follow-up of patients



1st level:
Research  teams  evaluate 

benefits/risks for the population

They  provide  information  about  risk  of  secondary  cancers  after   RT    

for    benign   diseases    to   weigh   benefits   and   risks    of   RT   against   

alternative therapies such  as  anti-inflammatory drugs. This  information  

is   important   for   radiation   oncologists   and   referring   physicians  to  

evaluate  benefits and  risks  of  RT for a patient  and  inform  the  patient  

accordingly.    

Benefit -risk  assessment  occurs  at  3  levels



2nd level:

Referring physicians and radiation oncologists evaluate  

benefits/risks for a patient

3rd level:

Patients evaluate

benefits/risks in terms of personal values

Benefit -risk  assessment  occurs  at  3  levels

1st level:

Research  teams  evaluate 

benefits/risks for the population
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Utilization  of  RT  in  patients  with

benign  diseases



RCR, A review of the use of RT in the UK for the treatment of benign clinical 

conditions and benign tumours

Utilization  in  UK

Numbers of centers treating            Total number treated per annum

Thyroid eye disease                               19                                                          81

Keloid                                                     15                                                         117

Heterotopic ossification                        14                                                          32

Glomus tumour                                     11                                                          16

Acoustic Schwannoma                           8                                                           93

Pigmented Synovitis                               4                                                            4         



Utilization  in  Germany

Seegenschmiedt MH et al  BJR  2015;88:20150080



Recommendations  for  doses



Factors  influencing  radiation-induced

cancer  risk



Factors influencing radiation-induced cancer risk

Radiation

Patient

ageDose and dose rate Radiation quality Field  size

Age

Early and late normal 

tissue reactions

Exposure of critical 

structures in the field 
Co-morbidities

Intrinsic radiosensitivity of 

normal tissues

Alternative treatment to 

radiation

Factors  influencing  cancer  risk



How  do  we estimate  risk  of radiation-induced

cancer  following  RT  for  benign  diseases?



Epidemiological  studies

• very long  term  patient  follow-up  due  to  the long latency 

for cancer development after treatment

• the collection of  data is difficult based on the small number

of  subjects undergoing radiotherapy for a benign  disease



Vertebral  hemangiomas       

LAR  in  the  partially  in-field  organs:

0.1 to 1.0 % 

We should include in a properly designed study  10,000 of exposed 

patients to detect the 10 or 100 cases of cancer due to exposure



Phantom  Studies
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Effective dose vs. organ doses

Effective  dose  ‘hides’  differences  in  the  doses  delivered  

to  various  organs from  CT  examinations              

CCTA: Dose with 256-slice scanning

Effective  Dose: < 2.0 mSv (Prospective mode)

Breast Dose: 14 mGy

Lung Dose:     9 mGy



We  can  estimate  radiation-induced

cancer  risk  using

• BEIR  VII  coefficients  (0.1-2.5  Gy)

• Mechanistic  modeling  (Dasu et al 2005,  Schneider 2005, etc)



LAR  of  cancer  incidence  (BEIR VII – Phase 2)



Source : BEIR  VII (2006)

Risk  coefficients  for breast  and lung  

cancer
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Source : BEIR  VII (2006)

Radiogenic  risks  for  breast  cancer

Age  at  acute  exposure (yr)
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12-year-old girl,  breast  dose: 9.1 mGy

12 y

6.4 % per Gy

Risk = 6.4 x 9.1 x 10-3 % = 0.058 %

LAR  of  breast  cancer  incidence:

58 cases per 100,000 persons  exposed

to  a  single  dose  of  9.1 mGy      



LAR  of  cancer  incidence
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LAR  of  cancer  mortality
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We  can  estimate  radiation-induced

cancer  risk  using

• BEIR  VII  coefficients  (0.1-2.5  Gy)

• Mechanistic  modeling  (Dasu et al 2005,  Schneider 2005, etc)



Cancer  risk  estimates  based on 

non-linear models

Schneider et al, Theor. Biol. Med. Modell. 8, 27, 2011



EAR  for organ cancer induction 



LAR  for organ cancer induction 



How  can  we  realize  the  magnitude  of  the  

radiotherapy-induced  cancer  risk? 







Radiogenic vs. nominal LIR 
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• Pigmented villonodular synovitis

• Heterotopic ossification  of  the  hip

• Vertebral  hemangioma

Benign  diseases  and  risk from  RT



Medical Physics  2016;43(4):1841-1848



Dose  received  by  out-of-field  organs 

34 Gy to the target site

Organ dose range 4.9 x 10-4 to 0.56 Gy



LAR  for out-of-field cancer development

for  50-yr-old male patients 



LAR  for out-of-field cancer development 



Doses  of  the  partially in-field  organs  



LAR  in  the  partially  in-field  organs (M)  

1.8  %



LAR  in  the  partially  in-field  organs (F)  

1.9  %





Pigmented  villonodular  synovitis

3 subtypes:

• PV tenosynovitis that affects the finger joints 

• Localized PVNS that involves the knee joint 

• Diffuse PVNS that affects the knee and hip joint 



Pigmented  villonodular  synovitis

Common symptoms:

• Chronic pain and an impairment of joint function

Treatment: 

• Surgical synovectomy

recurrence after the excision of local and diffuse PVNS is  up to

29 % and 56 %, respectively. RT has been given postoperatively

to reduce the risk of recurrence following synovectomy.



Dose received by out-of-field organs

655 mGy



LAR  for cancer induction (30 y M) 

36 Gy to the target site



LAR  for cancer induction  (30-y F) 



Medical Physics  2013;40(10):1702-1709



Medical Physics  2013;40(10):1702-1709



Medical Physics  2013;40(10):1702-1709



Medical Physics  2013;40(10):1702-1709



Messages  to  take  home

1. It  is  important  to  know the risk of radiation-induced 

cancers  after  radiotherapy  for  benign  diseases  to: 

* provide  information  about  risks  to  patients

* balance  benefits  and  risks

* take it into consideration during follow up 

2. Estimation  of  radiation-induced  cancer  risk following  

radiotherapy  for  benign  diseases using MC, is possible

using   phantoms  and BEIR VII  data  and  mechanistic 

modeling

3. Studies are  needed  to  provide organ  doses  and  risks  

attributable to radiotherapy for  benign diseases



Thank  you !


