
The University of Sydney Page 1

Differences in dosimetry, 

treatment planning and 

equieffective dose

LDR vs HDR 

monotherapy

Presented by

Professor Annette Haworth

Institute of  Medical Physics, 

School of  Physics



The University of Sydney Page 2

These slides may not be reproduced without the 

author’s permission. Please contact 

Annette.Haworth@Sydney.edu.au



The University of Sydney Page 3

LDR vs HDR monotherapy

Both are safe and effective treatments in 
appropriately selected patients

So which treatment would you choose 

for yourself / relative?
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What are we trying to achieve? 

i.e. what is the comparator?

– Reduce the dose to OARs

– Good for low risk disease 

– where Active Surveillance is now mostly indicated

– Dose escalation of  the dominant lesion

– Good for intermediate/ high risk disease

– Where dose escalation has shown to benefit local control

– Improve the therapeutic ratio

– i.e. maximise tumour control & minimise toxicity

– Maximise patient comfort/ convenience

– Cost?
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So what do we know: LDR

• Long experience (> 20 years)

• 145 Gy (I-125) monotherapy

• US guided planning and treatment

• Post implant dosimetry day 0,1 or 30

• AAPM, ESTRO & ABS guidelines 

• Outcomes are great (FFbF typically > 90%)
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What can go wrong?

But to be fair…. This sort 

of thing could happen with 

HDR too…
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What can go wrong?

Seed displacement / migration

R Reed, et al  Brachytherapy 2007  
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When is an LDR implant 

quality unacceptable?

The D90 debate

“….. Steep dose gradients at the periphery ….substantial uncertainty 

in D90 & V100……D90 & V100 capture no information on dose 

distribution…….”
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Using MR and CT, does this help?

Contouring Seed reconstruction Image fusion

Radiother Oncol 2012

Contouring and image fusion are the ‘weak links’ in the procedure.
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Comb TCP <0.62

3 centres  n=423

number of failures = 36

What TCP value predicts for treatment failure?

High TCPcomb

FFbF 93.7% 

(95% CI 90.4-96.4%)

Low  TCPcomb

FFbF 88.8% 
(95% CI 81.3-94.5%)

Haworth et al Brachytherapy 2013
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Can we make our plans robust 

to seed displacement?

a uniform margin of 0.5 cm was necessary to 

cover 95% of the delineated F-GTV for all 

patients.

Planned focal / 

total dose 

distribution

4-weeks post 

focal / total dose 

distribution

OR

Polders et al 2015

Apply a convolved dose 

rate model

Compared pre- and post-

planned positions, calc SD
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Convolved dose rate model
Original dose rate function (R) and convolved dose rate function for SD = 1, ... ,5mm.

13

Betts et al Procedia Computer Science 108C (2017) 1522–1531 

SD = 0 mm

SD = 5 mm
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Summing uncertainties in quadrature
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HDR?

• Long history when HDR is combined with EBRT (boost)

• Growing number of monotherapy studies

• Promising FFbF (too soon for OS, metastasis free survival 
etc?)

• Promising toxicity
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HDR: what dose & what 

fractionation?
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HDR monotherapy

• > 2 or 3 fractions 

• Undesirable due to cost, convenience etc

• 1-2 fractions: highly desirable

• But how many implants?

• 1 or 2? 
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Dose distribution: Which is best?

Urethral doses:

VMAT, IMPT, IMIT ~ 74Gy(IsoE)

LDR ~ 30Gy(IsoE) HDR ~ 10Gy(IsoE)

Georg IJROBP 2014
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Dose distribution: Which is best?

Morton & Hoskin 2013

LDR

HDR

VMAT
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Dose distribution: Which is best?

Morton & Hoskin 2013

LDR

HDR

What was actually 

delivered

What we assume 

was delivered

Probably ok in real-

time US-guided HDR
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Use of deformable image registration software for

MR + US: Promising results

Rigid registration

Deformable registration
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Use of deformable image registration software for

MR + US: Promising results
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Use of real-time electromagnetic tracking for auto-

catheter reconstruction

To achieve accurate and rapid catheter reconstruction 

during intra-operative procedures

Beaulieu, Brachytherapy 2018
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Plan robustness: HDR

If  the patient is transferred to CT or 

MRI for planning, needles can displace 

Images courtesy R Smith, Alfred 

Hospital, Melbourne 
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Dose delivery verification 

methods: Integrated Source 

Tracking and Imaging

Alignment

Slide courtesy R Smith, Alfred Hospital (Smith et al 2017)

Flat Panel Detector
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Ir-192 HDR Source

Activity - 10 Ci

Magic Plate Imbedded in 

Couch

Slides courtesy of Anatoly Rosenfeld, CMRP, UOW Australia
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Summing uncertainties in quadrature

Kirisits et al Radiother Oncol 2014
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Radiobiological Considerations

BED for LDR

• Depends on 
implant quality

• Typically >>100 Gy
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Radiobiological Considerations

• α/β clear favours HDR

• Radiobiology uncertainties at high dose/ 

fraction

• Single fraction HDR:

• ? Re-oxygenation

• ? Redistribution 
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So potentially HDR (1 or 2 fractions) 

may be better than LDR? 

• Plan robustness

• Dose to the urethra

• Radiobiological considerations
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But what about the elephant in 

the room?

TOXICITY????
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Toxicity
• Urinary toxicity:

• LDR: Almost all patients experience irritative symptoms for up to 12 

months

• Martinez 2010:

HDR* LDR (Pd)

Acute Dysuria 39% 60%

Frequency/urgency 58% 90%

etc

*38 Gy in 4, or 42 Gy in 6 fractions

• Morton et al 2017: 2 vs 1 fraction HDR monotherapy

• 51% acute Gd 2 GU in first 3 months, falling to 31%
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But, bad things can happen….

See also Barkati et al 2012
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Future Work

• Dose to the urethra is an important consideration

• Focal or boost focal approaches (LDR or HDR) should be considered 

(dose painting by numbers approach)

• Use of  MR is encouraged, but understand registration uncertainties

• HDR (1-2 fractions)

• Pre-treatment verification / in vivo dosimetry urgently needed

• Knowing what dose was delivered:

• Better understanding of  dose – response relationship (target & OAR)

• Better modelling of  radiobiology parameters at high dose/ fraction
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Conclusions
• LDR monotherapy: 

• Convenient for the patient

• There are ways to deal with random seed displacement

• Long term results: we know what to expect

• Patient selection is critical

• HDR monotherapy

• 1 or 2 fraction schedules may offer similar convenience

• Careful planning and pre-treatment verification essential

• Radiobiological advantages

• Clinical trials are needed

• Confirm results are translatable to other centres

• Better understanding of  radiobiology high dose/ fraction


