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Purpose

Conclusion

To investigate the possible benefit of an IMRT plan for 
bladder cancer treatment, taking differences in lymph 
node and tumor displacement into account. 

Methods

Volumes and delineation
• For the original plan bladder, GTV and PTV were delineated. The GTV 

and PTV are determined by an adaptive margin strategy. The GTV to 
PTV margin was 1.0 cm [3].

• For IMRT planning some additional structures were delineated: small 
intestines, rectum, pelvic lymph nodes and a PTV for the 40 Gy area 
(PTV40). PTV40 consists of four parts: the PTVtumor, a margin of 5 mm 
around the left and right pelvic lymph nodes and an anisotropic margin of 
8 to 20 mm around the bladder. 

Treatment planning
• Treatment plans are generated by PLATO®.
• All patients received 40 Gy to the elective field (PTV40) and an additional 

boost of 15 Gy or 20 Gy to the PTVtumor, depending on the risk of bowel 
complications. 

• Markers enable on-line position verification for the tumor position with 
conebeam-CT. Unlike the tumor, the lymph nodes hardly move with 
respect to the bones. To cope with these differences two IMRT plans are 
required: one for the elective field and one for the boost.

• At least 99% of the PTVtumor should receive 95% of the prescribed dose. In 
the IMRT plans also 99% of the PTV40 should receive 95% of the 
prescribed 40 Gy. 

• For IMRT 5 beams were used with gantry angles: 40o, 110o, 180o, 250o and 
320o.

Figure 1: Left the FiF technique with four fields to construct the elective field and four additional beams 
to deliver the boost. Right IMRT.

Analysis
A number of DVH-points of the healthy bladder, intestines, rectum and 
PTV40 of the conventional and IMRT plan are compared. For the organs 
at risk these DVH-points are related to the TD5/5 of 1/3, 2/3 and the whole 
volume, based on a 2.75 Gy fraction dose [4]. For PTV40 the volume that 
receives 95% of the prescribed dose (V38) is evaluated.

The IMRT boost field and elective field are added for the analysis. 

Figure 2: Example of dose-volume histograms of a patient treated with 55 Gy.

Patients
• Treated in the period 2003 - 2007.
• 20 patients, 10 patients with a prescribed dose of 55 Gy and 10 with 60 Gy.
• A ‘field-in-field’ (FiF) technique was used for the original treatment plan[1].
• All patients had implanted markers at the border of the tumor as reference 

points for GTV delineation[2].
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The results show that with IMRT a smaller volume of the organs at risk 
receives a high dose. However, the standard deviation is large because of 
the large interpatient variation in OAR involvement in the PTVtumor and PTV40. 

Rectum and intestines receive a lower dose with IMRT, while the PTV40 is 
covered better. The PTV40 is underdosed in all FiF plans. Delineation of the 
lymph nodes causes a better coverage. 

The PTVtumor was sufficiently covered in all IMRT and FiF plans. 

Table 1: Results of the comparison between IMRT and conventional plans are presented as the average 
volume that receives the evaluation dose or more ± standard deviation. Because Bonferroni correction is 
applied, the significance level is set to p = 0.005.  

With IMRT, a smaller volume of the intestines and rectum receives a high dose, while the lymph nodes are 
covered better. The PTVtumor is equally well covered. Future dose escalation can be considered.
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