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Conclusion  
The incidence of radio-induced severe urinary symptoms 
in patients treated with modern RT for PCa resulted to be 
≈20%. NTCP modeling shows that bladder primarily acts 
as a serial organ for all the symptoms and the prescribed 
dose significantly affects their onset. In addition, for all 
the symptoms except for urethral stenosis, α/β was found 
very low, highlighting a hypofractionation effect greater 
than previously believed. 
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Purpose or Objective  
HDR brachytherapy (HDRB) in combination with external 
beam radiotherapy (EBRT) is an established technique 
shown to achieve effective dose escalation in the 
treatment of prostate cancer. Despite its wide use there 
is still large variability between centres in the choice of 
dose prescriptions and dose limits to the organs at risk. 
This is particularly true for the urethra for which large 
variability also exists among contouring protocols. The 
aim of this work was to understand the influence of 
urethra contouring on urethral stricture NTCP model 
parameters. 
Material and Methods  
The Lyman-Kutcher-Burman (LKB) model was used in the 
study. DVHs, clinical and toxicity data were prospectively 
collected for a first cohort of 262 patients from a single 

institution (PD= 18Gy in 3, 19Gy in 2 and 17Gy in 2 
fractions) and used to fit LKB model parameters with 
maximum likelihood. DVHs were corrected for 
equieffective dose in 2Gy fractions, EQD2α/β=5Gy. The 
urethra was contoured around the external diameter of a 
22 Fr gauge three-way indwelling urinary catheter as a 
solid structure, from typically 1 cm below the apex to the 
bladder base. The end-point was stricture requiring 
urethrotomy within 4 years after RT completion, with an 
average rate of 12.6%. The model was internally 
validated using bootstrapping.  
Data from a second cohort of 187 patients from another 
institution treated as part of the TROG03.04 RADAR trial 
were then collected. PD was 19.5Gy in 3 fractions and 
the stricture rate was 8.6%. Both cohorts had identical 
EBRT doses.  For the second cohort urethras were initially 
contoured as the visible lumen of the urinary catheter 
(original) and, then for a subset of 100 patients, urethra 
contours were expanded 2mm in the AP and LR direction 
and limited in the SI direction to be similar to the first 
cohort’s contours (expanded). Both structures’ DVHs and 
associated clinical data were used to externally validate 
the LKB parameters obtained with the first cohort. 
Calibration was used to establish agreement between 
model estimated probabilities and observed stricture 
rates. 
Results  

For the first cohort of 262 patients the risk of urethra 
stricture was modelled by means of a sigmoid function of 
EUD (LKB Model: TD50=70.7Gy, n=0.3 and m=0.37). 
Boostrapping confirmed the parameters. The internal 
calibration is shown in Fig 1a. For the second cohort of 
187 patients comparison between observed toxicity and 
NTCP predictions of the LKB Model with the original DVHs 
showed poor calibration (Fig 1b), while for the subset of 
patients with the expanded urethra the calibration was 
considerably improved (Fig 1c). 
Conclusion  
In the treatment of prostate cancer with HDRB there are 
still no general recommendations for urethral dose 
constraints. This work shows that to understand the 
relationship between dose and toxicity consensus for the 
outlining of the urethral volume is needed.  This in turn 
has implications for the application of urethral 
complication prediction in extreme hypofractionation 
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Purpose or Objective 
There are limited studies supporting the efficacy of IGRT, 
with much of the evidence base relying on surrogate 
outcomes. This work investigates the relationship 
between IGRT residual shifts and overall patient survival 
in a large cohort of lung and oesophageal cancer 
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patients, and explores which structure may be most 
sensitive to radiation dose. 
Material and Methods 
The residual setup errors of 780 NSCLC patients treated 
with a 5mm action threshold correction protocol were 
estimated and parameterized as the mean and standard 
deviation of the residual shifts in each direction per 
patient. Shift parameters related to survival were 
selected using an elastic net penalised multivariate Cox 
model. Their significance was determined through 
multivariate Cox regression correcting for age, 
performance status, GTV volume and fractionation. The 
effect of shift directionality was studied by comparison of 
subgroups with the tumour located in the left and right 
lung, and by consideration of the residual shift of the 
high dose region towards or away from the heart. The 
main finding was validated in an independent cohort of 
oesophageal cancer patients (n = 177).  
Results 
The residual shifts were not correlated with any clinical 
variables, yet strong associations with survival were 
found in 5 out of the 9 summary shift parameters. The 
left and right lung cohorts, split for survival analysis by 
their mean lateral shifts, showed opposite directional 
shift effects (Figure 1), demonstrating the negative 
effect of residual shifts towards the mediastinum on 
survival. Vector projection showed that patients with a 
residual shift towards the heart have significantly worse 
overall survival (p = 0.001, HR 1.310) (Figure 2). The 
same effect was observed in the oesophageal patient 
validation cohort (p = 0.030, HR 1.531). 

 
Figure 1: Multivariate corrected survival curves for 
patients with left (n = 261) and right (n = 367) lung 
tumours, split on the mean lateral shift. Patients with 
high shifts in the left cohort (> 0.1mm) have worse 
overall survival (p = 0.027), while patients with high 
shifts in the right cohort (> 0.4mm) have improved 
overall survival (p = 0.016), demonstrating the 
detrimintal effect of shifts towards the mediastinum. 

 
Figure 2: Multivariate corrected survival curves for NSCLC 
patients stratified on whether their residual shift moves 
the high dose region towards or away from the heart (p = 
0.001) 
Conclusion 
To our knowledge, this is the first study of its type. We 
showed that residual systematic shifts after IGRT are 
strongly associated with overall survival in NSCLC 
patients, with residual shifts towards the heart 
significantly associated with worse survival. The effect 
was confirmed in an independent cohort of oesophageal 
patients. This analysis provides direct evidence in a large 
patient cohort of the importance of ensuring correct 
patient positioning through the use of IGRT. Furthermore, 
it highlights the heart as a dose sensitive organ in 
thoracic radiotherapy with early effects on survival.  
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