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Learning Objectives

e Metabolic imaging and dose response feedback for
adaptive tumor dose painting

e Optimization of dose painting by number in target

e Clinical feasibility & workflow for adaptive DPbN
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Presenter
Presentation Notes
There are number of options of metabolic imaging including in both PET and MRI. Each of them reflects a bio-activity along the metabolic pathway in cell as shown on the right graph.


Metabolic Imaging: Application in RT

 Tumor has enhanced metabolic activity, which promotes the clinical use of

metabolic imaging for target identification/delineation and post treatment
response monitoring

e Metabolic image may not be a specific bio-marker to guide a targeting drug,
but could be very useful for radiation treatment due to its link to all cancer
hallmarks*

*D Hanahan & R Weinberg, Hallmarks of Cancer: the Next Generation. Cell 144, 2011

e Radioresistant tumor cells should maintain unaltered metabolic activity as
measured using a metabolic image following fractionated radiation treatment

— Therefore, it is possible to use Tumor Voxel Dose Response derived from
temporal changes of metabolic image voxel intensity as the feedback for
treatment adaptation


Presenter
Presentation Notes
1. It is well known that tumor has enhanced metabolic activity, which promotes the use of metabolic imaging for target identification, delineation and post treatment response monitoring. 
2. Metabolic ..
3. In addition, …….



FDG-PET Imaging/Dose Response Feedback

FDG PET/CT image is a metabolic image, not the best, but very
practical in clinics with relatively low cost,

|.  Tumor Voxel Dose Response Matrix (DRM) from the temporal
changes of image intensity obtained during the treatment
course (PET/CT deformable image registration)

Il. Tumor voxel Dose Prescription Function (DPF) with using the
DRM and its baseline SUV,

lll. DPF is used to be the objective function for tumor DPbN
planning optimization
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Presentation Notes
FDG PET/CT image is not the best metabolic image, but very  practical in clinics and relatively low cost,

In the rest of talk, we will discuss how to
Create ….
Construct..
Use…


FDG-PET Imaging: Estimate Tumor Dose Response Matrix
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Picture shows the typical procedures to create DRM for a tumor voxel: 
Take a serial PET images and apply a linear fitting on the multiple PET images. 
The slop is used to estimate the systematic portion of tumor voxel dose response. 

The corresponding DRM can be calibrated to have a similar numerical range of the SF2.
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DRM (v,30Gy) = exp(31.75>< A(v,SOGy)) Calibrated to have the numerical range of SF,.

Bjork-Eriksson T, West C, etc. The in vitro radiosensitivity of human HN cancer. British J of Cancer.
1998;72:2371-5. Mean-SF, = 0.48
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Presentation Notes
Considering the linear feature of ln SF with treatment regimen of 2Gy per fraction, the slope A is positively proportional to the SF2, the survival fraction in 2Gy, for each tumor voxel. 
Therefore, we can derive the dose sensitivity matrix, eSF2, with using the slope of TMR for each tumor voxel after few weekly PET images.


Tumor Voxel Dose Response Matrix (DRM)
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Figure shows the DRM distribution in 18 tumors constructed using the first 3 PET images:
Very large inter- and intra-tumoral variations on the radiation dose response
Most of tumor voxels are very sensitive to radiation, but existing number of resistant regions < few cc
The resistances cause all failures
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High resistant tumor sub-volumes are highly correlated to the location of treatment failures. Therefore, the sensitivity matrix can predict tumor local failure, as well as the failure locations.
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Radiosensitivity SF2 <= 0.6 has been considered to be the cutoff for tumor control under the conventional dose, 66~70Gy. 
This treatment dose could be okay for the most HPV+ tumors, but unlikely control those of resistant niches, specially for those in the HPV- tumors.
In addition, the HPV+ tumors showed a smaller inter-tumoral variation on the dose sensitivity compared to the HPV- tumors, but both showed similar and large intra-tumoral variation. Therefore, non-uniform prescription dose should be considered to be the most efficacy method for treatment improvement.
How to prescribe dose to each individual tumor voxel based on its own dose sensitivity?



Tumor Voxel Dose Prescription Function (DPF)

e Mathematic link between specific values of imaging
intensity and the optimum clinical dose to be prescribed

to the corresponding tumor voxel

* DPF can be desighed to achieve a desired tumor control,
while maintains the minimized integral dose

— Is this necessary? Can we safely increase the uniform dose in
target as high as needed?
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How to create  the prescription doses for all tumor voxels based on their own dose response? 
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Let’s look all tumor voxel SUV0 and DRM of all controlled tumors, there is inverse relationship. 
Tumor voxel with high SUV0 must be sensitive enough to be controlled with the conventional dose.
This is similar to the relationship between the tumor survival fraction in 2Gy and the corresponding clonogenic cell # for tumor control.
Therefore, DRM is related to SF2; and SUV0 is related to the clonogenic # in tumor voxel 
Based on Poisson tumor control model, the tumor voxel control probability is Uniquely dependent on N0 and SF2
therefore TCP could be fully dependent on the values of the voxel DRM and SUV0  


. TVCP(suvy, DRM,TCDg, 750 .d)

determined using a likelihood of potential control and failure of
tumor voxel on each weekly (SUV, , TMR) plot
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Dose Prescription Function (DPF): TVCP Lookup Table
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A TVCP lookup table can then be used to create the DPF by giving a desired TCP.


Dose Prescription Function: TVCP Lookup Table

(TCD.,, Vso) SUV, = 4.5 SUV, = 8.5 SUV, = 12.5 SUV, = 16.5

(3.72, 0.72)
(4.11, 0.66)
(4.6, 0.62)
(5.16, 0.59)
(5.81, 0.56)
(6.45, 0.52)
(7.46, 0.49)
(8.93, 0.46)
(10.58, 0.45)
(14.08, 0.47)

(15.87, 0.48)

(7.07, 0.63)
(7.79, 0.62)
(8.8, 0.62)
(10.41, 0.62)
(12.77, 0.58)
(17.44, 0.58)
(22.4, 0.61)
(28.03, 0.73)
(31.38, 0.91)
NA

NA

(13.62, 0.82)
(14.9, 0.82)
(17.69, 0.87)
(21.91, 0.87)
(29.71, 0.91)
(39.7, 1.24)
(46.08, 1.83)
(50.65, 2.42)
(55.51, 2.42)
NA

NA

(20.34, 0.87)
(22.05, 0.88)
(27.18, 0.97)
(34.01, 1.15)
(40.78, 1.44)
(47.65, 1.73)
(53.99, 2.42)
(58.92, 2.42)
(62.74, 2.42)
NA

NA



Tumor Voxel DPF (TCP = 0.9) design based on (SUV,, DRM)
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Figures show the prescription dose distributions for all 18 tumors.
Very heterogeneity, the minima could be below 30Gy, but maximum could be as high as 150Gy
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Treatment dose for HPV+ tumors can be much lower than 70Gy, some regions can even below 30Gy. However, the dose should not be uniform.
For HPV-, the treatment dose required should go as high as 150Gy, which clearly cannot be achieved using the conventional prescription dose.
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This slide shows the conventional IMRT plan with the uniform target dose of 70Gy vs the DPbN plan with the maximal dose over 120Gy and minimal dose 54Gy delivered in 27 fractions.
2. The DPbN plan can potentially achieve TCP=0.9, comparing to the IMRT TCP=0.17.
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the corresponding normal organ DVHs of normal organs are very similar for both plans.


Summary

Dose response matrix can be constructed using FDG-PET/CT images

Tumor DRM with its baseline SUV,, provide very useful, maybe unique, information to
design the optimal dose for each tumor voxel

DPbN is necessary and could be safely applied

How many images needed to implement the adaptive DPbN? (
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