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Tom Baker Cancer Center

University of Calgary

One of 2 “Cancer” Centers in
Alberta

Staff: Medical
Radiation Oncologists = 15
Medical Oncologists = 16
Neuro Oncologists = 2
Surgical Oncologists = 5

New Consults: Radiotherapy
Department

Approx 3500 per year
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EUD: Objective

To explore the EUD (Equivalent Uniform Dose)

as a dosimetric parameter for use in assessing

Implant quality in LDR prostate brachytherapy
Define EUD

Why we need to search for another parameter to
better describe the DVH obtained in prostate
brachytherapy.

Some of the characteristics of the EUD that may
enhance the information obtained from the D90 and
the DVH.
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distribution the

idea is 1Q fin@ uniform dgSe that gives the
same biological effe

The EUD is that dose, which if applied uniformly
to the volume of interest will have the same
biological efiect as the non-uniform dose
distribution actually applied
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Equivalent Uniform Dose (EUD)

The Equivalent Uniform Dose (EUD) condenses the 2
dimensional Dose Volume Histogram into 1
dimension — a number

The EUD for a target emphasizes low dose regions

and de-emphasizes regions of high dose
 EUD calculations are based on a parametric equation

fitted to biologic and clinical data _ _ _
O v; is the volume irradiated with

N the dose Din bin number i
EUDGY) = Qo

| s a volume exponent

_ S which is tissue specific
A. Niemerko, Med. Phys, Vol. 26, No 6, June 1999
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EUD: Parameters “a” value

Effect

Structure

Cold regions are preferentially
emphasized, so that Cold spots
affect the EUD to a large extent

Tumor

This corresponds to the mean
dose. Cold and Hot spots are
given equal weight

Hot regions are preferentially
emphasized, so that Hot spots
affect the EUD to a large extent

Sensitive
organs such as
spinal cord and
optic chiasm
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LDR: Prostate Brachytherapy

LDR prostate brachytherapy is a rapidly evolving
modality for the treatment of early stage (low risk:
T1c-T2a; G=6/10; and PSA <10ng/ml) prostate
cancer

The University of Calgary / TBCC implemented the
Nucletron FIRST intra-operative planning and
delivery system in 2003

Over 200 patients have been treated to date with this
system since implementation
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Doo

Doo: The minimum dose delivered to 90% of the
prostate volume

It is the only parameter that has been linked to
clinical outcome:
(Blasko et al; Ash et al; Stock et al;)

However even that is in question by a number of
recent studies as the D90 can vary depending on
various parameters:

Contoured volume

Edema / Gland size / Timing

Change in Gland Shape / Deformity / Seed Migration
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Results: Intra vs. Post op Variations

Intra-Operative

Post-Operative

Average Change

Prostate Volume

36.1cc (20.9-52.0 cc)

30.5cc (16.7-49.1 cc)

D80

211.3Gy (194.2-
232.7Gy)

195.5Gy (146.2-
264.5GyY)

D90

194.4Gy (171.3-213.8
Gy)

167.0Gy (122.7-236.1)

V150

76.9% (66.2-88.9%)

67.7% (39.6-93.9%)

V175

56.6% (46.0-69.9%)

52.4% (28.1-86.0%)

V200

39.7% (26.7-53.7%)

39.9% (19.2-67.4%)
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Results: D90 vs. Volume

Change in D90 as a Function of Change in Volume
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Results

Probability of Achieving an Adequate Implant
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Intra-operative Parameters

200 treated patients
Planning: manual — inverse planning
Planning Parameters:
V100 = >99%
V150 =72 - 79%
V200 = 32 - 39%
D90 >190 Gy
Seed Activity: 44 mCi

Number of Seeds: 65 - 80
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DVHSs with constant D90

~

B EUD=0.01 for a=-10
5, EUD70 for a=1

EUD=1.010 for a=-10
EUD=1.011 for a=1

1 1.5

Relative Dose
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EUD Correlation with D90

How Does EUD correlate with D90 ?

D90 vs EUD

Svnth etlca”v Genera‘ted Da‘ta Optimized Plans generated with IPSA

as seed count is reduced from 83 to 60

Using IPSA (Inverse Planning
Software, the DVH was degraded
By reducing the number of seeds
And then calculating the D90 as
Well as the EUD: S

R? =0.9688

R?=0.9741

EUD correlates with D90
However, the correlation varies
With different values of “a”.

200 250
D90 (Gy)
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EUD Correlation with D90

EUD Correlate with D90: Patient Data

DEI:E

- 60 Patients

- All DVH Data
Applied on One
Table
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D90 vs EUD for 60 patients

» EUD(-1)
= EUD(-5)

EUD(-10) + EUD(-10)

190
D90 (Gy)
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EUD Value vs a

Tissue Equivalent Dose

/
~

- Low Dose

90t D90
Mean D90

10" D90

a-10 a-9 a-8 a-7 a-6 a-5 a-4

"a" value
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Conclusions

EUD:

Appears to have the right properties as it
correlates with the D90, but appears to add
more information about the DVH;

Varies: even when D90 is constant

Changes when D90 changes, with different “a”
values showing different changes

Appears to be sensitive to other properties about
the DVH as well as the D90

Clinical ranges of differences in EUD are larger
than the observed range of D90
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Work In Progress

Q: Can EUD assist in OR Plans with D90?

A: Has the right features and potential:

Currently looking at how to use the EUD as a dosimetric
parameter for evaluating intra-op plans

Evaluating its ability to help optimize intra-op plans
How the EUD values relate to clinical data (outcomes and
toxicity)

Extend it to the urethra (different value of “a” - which may
assist in evaluating urethral dose more accurately than
using a single value).
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your attention




