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OVERVIEW 

• Purpose 

• From idea to implementation 

• Methodology, results & reflection 



 Modern brachytherapy is a complex process:  

 3D imaging, volume prescribing, inverse planning optimisation  

 

 Dosimetric verification for brachytherapy is challenging:  

 Dose gradient, dose range, small scales, applicator shapes  

 

 Lack of brachytherapy audit:  

 Recent technology and clinical practice changes 

 More than source strength measurement 

 There have been errors 

 Required for clinical trials 

 

 

 

Proposal for a Brachytherapy Audit  



Elfrink et al (2001) 
Ionisation chamber, 
Netherlands and Belgium 

Roue et al (2007), 
TLD, EQUAL-ESTRO 
mailed audit 

Haworth et al (2013), 
TLD,  Australian audit  

Casey et al (2011) 
nanoDot optically stimulated 
luminescence, mailed, USA 

Tedgren et al (2008) 
Well chamber, Sweden 

 Non-UK Audits 



Lee et al (in progress) 
Well chamber 
intercomparison, UK 

 UK Regional and National Audits  

Heeney et al (2005) 
Ionisation chamber, 
Ireland, Scotland, N England 

Ratcliffe et al (conference 
proceedings, 1996-2004), UK 

Awunor et al (in progress) 
Audit of ring applicator dwell 
positions, UK 



 Develop a comprehensive brachytherapy 

end-to-end system audit methodology  

 Provide a QA process for the INTERLACE 

Clinical trial brachytherapy component  

 Bring brachytherapy audit in line with 

external beam audit  
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Journey from Idea to Implementation 

 Feb 2012:  

Audit Group E approved proposal.   

Not previously audited.  

 March 2012:  

Presented at National 

Interdepartmental Audit Groups 

Meeting 

 A bit later in 2012:  

Regional or national audit?  

 



 May-July 2012:  

Advert in IPEM Newsletter Working Party.  

Gathering of people interested in a brachytherapy audit,  at NPL:  

Regional Audit Groups E and C, RTTQA, NPL, others  



 Oct 2012: Formed IPEM Working Party, £7.3k over 2 years  

 Nov 2012: Emails to gauge interest,  Working Party meeting  

 April  2013: IPEM approved additional spend request of £3.1k  

 

 Financial approval conditions:  

 Limit the number of members in the 

Working Party 

 IPEM virtual phantom library after 

the national audit  



 Possible objectives for the audit:  

 

1. System audit of 

intended and delivered dose distributions  

around clinical treatment applicators 
 

 Comprehensive audit in near-clinical situation but 

challenging dosimetry and increased uncertainty  

 

 

2. Very accurate measurement of 

dose to a point & TPS point calculations  

for plastic catheter line source 
 

 Somewhat removed from clinical complexity but 

increased accuracy and reduced uncertainty 

 



 Collaborative working between…  

 IPEM RT-SIG Working Party  

 NCRI Radiotherapy Trials Quality Assurance Group (RTTQA)  

 National Physical Laboratory 

Trials 

assurance 

Dosimetric 

theory, 

alanine 

Clinical 

setting QA 



 Outcome of collaboration:  

 Two separate, complementary phantoms 

 Scheduling of joint audits 

 Sharing of data and collation of results 



 Two phantoms:  

 IPEM WP: ‘System check’, clinical applicator 

dose distribution 

 RTTQA Interlace: Accurate point dose from 

linear series of dwells 



 Feb to Aug 2013: Develop and test methodology, design and 

construct phantoms. (Perspex mock-up and Solid Water final) .  

 Aug 2013: Pilot audits completed 

 Aug 2013 to May 2014: National audit programme 

 



Methodology 

 IPEM WP Phantom 

 Based on clinical 

applicator dose 

distribution 

 System check: CT scan, 

TPS plan, HDR/PDR 

irradiation 

 Gafchromic EBT3 film 

dosimetry 



Methodology 

 RTTQA Interlace Phantom  

 Based on linear series of 

dwells 

 Pre-audit TPS calculation 

check 

 Farmer-type ionisation 

chamber max response 

dwell position 

 Alanine irradiation, 3 

stacks of 9 pellets at 20 

mm radial 



Audit Progress 

 14/45 audited (31%) 

 Personally conducted and 

analysed all film 

measurements (Patty and 

Edwin the alanine work)  

 ~3000 miles travelled so far  

 Other auditors and/or self -

administered postal audit in 

future ? 

 loan request form from IPEM 

 

 

 

 



 Initial results from IPEM WP Phantom audit only  





 Careful film 

methodology 

 Triple-channel 

dosimetry via 

FilmQAPro® 





…actually miscommunication on normalisation between 

auditor and local physicist….  

Reminder of the ‘human element’ most prone to error  

 One out-of-tolerance result…  



Response from Centres 

 Feedback from audited centres to the IPEM WP 

film dosimetry audit  

 

 Purpose and process 

 Good and bad bits 

 When to audit 

 Future audits 

 

 

 



 Purpose and process:  

 “this is the first time we have been audited 

in this way and it complements the internal 

QA we do” 

 “very useful as it tested the whole 

treatment path … gave us access to a 

phantom and measurement technique not 

otherwise available”  

 “it confirmed that our planning and delivery 

system is within acceptable clinical 

tolerances”  

 “I liked that it involved the whole planning 

process including the CT scan”  

 “…found it very reassuring to have our full 

process audited” 

 

 



 Good and bad bits:  

 “Quick results and good spatial resolution. 

Also a very quick audit to perform” 

 “very well organised and protocols were 

easy to follow” 

 “the phantom is somewhat fragile and I'd 

be a little sorry to see it entrusted to a 

courier” 

 “It was teamwork, I made the tea while you 

did all the work” 

 “I am smiling broadly” 

 “I always believe any audit you pass is a 

very well set up and run audit” 

 



 When to audit  

 “…offer the audit service to centres 

commissioning new equipment and/or 

implementing new brachytherapy 

techniques. This is the time when an 

external audit offers most benefit” 

 “I presume the phantom and procedure 

will be made available through IPEM for 

borrowing and individual use by 

departments” 



 Future audits 

 “…HR-CTV is one huge area of confusion. 

Would be interesting to send an image set 

round the country and see if the patient 

would get the same treatment from 

different centres” 

 “in a future version that all users with the 

same equipment could plan an identical 

plan for inter-dept comparison” 

 “…audit in vivo dosimetry in brachy …non-

TG43-based dosimetry…in the future” 

 “small field dosimetry” 

 



Conclusions 

 Collaboration between IPEM, RTTQA, NPL 

 Film dosimetry and alanine dosimetry for brachytherapy  

 National brachytherapy audit implemented  

 Initial results of ‘end -to-end’ dosimetry very good  

 Supplementary benefits in discussing clinical practice  
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 Members of IPEM Working Party  

 Margaret Bidmead, Peter Bownes, Laura Gandon, Chris Lee, 

Gerry Lowe, Ailsa Ratcliffe, Tony Palmer,  

 NCRI Radiotherapy Trials Quality Assurance Group 

(RTTQA) 

 Edwin Aird, Patty Diez  

 Support from NPL 

 Catharine Clark, Clare Gouldstone, Rebecca Nutbrown, 

Thorsten Sander 

 Film dosimetry  

 Neda Shiravand  

 PhD supervision  

 Andy Nisbet and David Bradley 

 Funding  

 IPEM, Ashland ISP & Vertec RT 



 Thanks to al l  the host centres  


