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METHOD OF CHARACTERIZING THE PATHOLOGICAL RESPONSE OF

TISSUE TO A TREATMENT PLAN

CROSS-REFERENCE TO RELATEDAPPLICATIONS

[0001] This application claims the benefit of U.S. Patent Application No.

13/027,036 filed 14 FEB 2011 and U.S. Provisional Application No. 61/304,256 filed 12

FEB 2010, which are both incorporated in their entirety by this reference.

TECHNICAL FIELD

[0002] This invention relates generally to the medical field, and more specifically

to an improved method of characterizing the pathological response of tissue to a

treatment plan in the cancer treatment field.

BACKGROUND

[0003] Common treatments for cancer include removal of cancerous tumor tissue

from the patient, radiation treatment, chemotherapy, or ablation interventions, but the

most effective treatment or combinations of treatments typically varies from patient to

patient. For example, not all cancer patients respond to certain treatments like

chemotherapy and radiation treatment, and furthermore not all responsive cancer

patients have equal success with these treatments. The success of a treatment for a

patient is often not known until the end of the treatment or after a follow-up period after

the treatment. However, it is advantageous to be able to accurately predict whether a



patient will respond well to a treatment, particularly earlier in the treatment plan, to

guide implementation of alternative regimens and/or to abort an unsuccessful

treatment plan. Accurate and frequent evaluation of a tumor's response to treatment

allows a physician to optimize the treatment plan for the patient, and potentially spare

an unresponsive patient from unnecessary side effects from the treatment, such as the

physical and emotional toll of chemotherapy-induced side effects. Monitoring the state

of tumor tissue in a patient could theoretically be performed with repeated use of

magnetic resonance imaging (MRI) or positron emission tomography (PET). However,

these technologies are costly and may not be accessible in a community for repeated use,

making them ill-suited for frequent evaluation of tumor tissue. Other technologies, such

as X-rays, utilize ionizing radiation that precludes frequent use. Thus, there is a need in

the medical field to create an improved method of characterizing the pathological

response of tissue to a treatment plan. This invention provides such an improved

method.

BRIEF DESCRIPTION OF THE FIGURES

[0004] FIGURE l is a schematic of the method of a preferred embodiment;

[0005] FIGURE 2 is a schematic of a scanner that may be used during the step of

obtaining a set of sequential morphological renderings of tissue in the method of a

preferred embodiment;

[0006] FIGURES 3A-3D are schematics of steps of obtaining a set of sequential

morphological renderings of tissue in the method of a preferred embodiment;



[0007] FIGURE 4 is a schematic of the step of generating a set of representative

values in the method of a preferred embodiment;

[0008] FIGURES 5 and 6 are schematics of variations of determining a trend of

the biomechanical property based on a set of representative values of a biomechanical

property in the method of a preferred embodiment; and

[0009] FIGURE 7 is a schematic of one variation of predicting response of tissue

to a treatment plan based on the trend of a biomechanical property in the method of a

preferred embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[001 0] The following description of preferred embodiments of the invention is not

intended to limit the invention to these preferred embodiments, but rather to enable any

person skilled in the art to make and use this invention.

[001 1] As shown in FIGURE 1, the method 100 of characterizing the pathological

response of tissue to a treatment plan of a preferred embodiment includes the steps of:

obtaining a set of sequential morphology renderings of the tissue S110, wherein each

rendering corresponds to a particular point in time during the treatment plan;

generating a set of representative values of a biomechanical property of the tissue for the

set of renderings S120, wherein each representative value is based on a corresponding

rendering; determining a trend of the biomechanical property S130 based on the set of

representative values; and predicting response of the tissue to the treatment plan S140

based on the trend of the biomechanical property. The method 100 is preferably used to



predict and/or monitor the pathological response of cancer, such as breast cancer, to

chemotherapy or radiation therapy (or side effects of the therapy), but may additionally

and/or alternatively be used to predict or monitor the response of any cancer or benign

tumors to any suitable treatment. The method 100 may additionally and/or alternatively

be used to predict success of chemoprevention (a pharmacological approach to reducing

cancer risk). Predicting and characterizing how a cancer patient will respond to a

particular cancer treatment allows a physician to distinguish patients who are likely to

have success with the treatment from those patients who are less likely to have success

with the treatment, thereby allowing the physician to guide implementation of

alternative regimens and/or to abort the particular treatment. Such knowledge about

patient response to the treatment enables the physician to, for example, spare an

unresponsive patient from suffering side effects of chemotherapy or radiation therapy

and from applying potentially limited financial means towards an ineffective treatment,

and move towards optimizing the efficacy of a treatment plan. The trend, such as rate of

change, of the biomechanical property of the tumor early in the treatment plan is

preferably used to predict the full treatment response, but the trend of the

biomechanical property at any stage in the treatment plan may additionally and/or

alternatively be used. The method 100 may facilitate an accurate and frequent

evaluation of the tumor response to other therapies, such as to evaluate the clinical

efficacy of a new therapeutic agent or regimen.

[0012] The step of obtaining a set of sequential morphology renderings S o

functions to obtain data from the patient. This data forms the basis of analysis in



characterizing the response of the tissue to a cancer treatment. The morphology

renderings preferably include renderings of tumor tissue, and may additionally and/or

alternatively include renderings of healthy tissue such as that surrounding the tumor

tissue. The morphology renderings may additionally and/or alternatively broken bones

or any suitable tissue. Each rendering preferably corresponds to a particular point in

time during the treatment plan, such that the set of renderings represent sequential,

chronological snapshots of the tissue at various points in time during the treatment

plan. For example, obtaining a rendering may be performed hourly, daily, every few

days, every 1-3 weeks, or any suitable frequency, or performed in correspondence (e.g.,

immediately before and/or immediately after) a treatment phase such as a

chemotherapy treatment. Obtaining a set of renderings S110 is preferably performed in

early stages of a treatment plan (e.g., within the first several months), but may

alternatively be performed during any suitable portion of the treatment plan. The set of

renderings may be taken at approximately regular time intervals during the treatment

plan, or at irregular time intervals (for example, the timing of the renderings may

depend on particular scheduling of chemotherapy treatments). In a preferred

embodiment, obtaining a set of renderings S110 preferably includes scanning the tissue

with an ultrasound scanner to obtain acoustic data S112 and creating images

representing acoustic parameters of the tissue with the acoustic data S114. The steps of

scanning the tissue and creating images are each preferably performed at least once

each time a single rendering is obtained, such that the steps of scanning the tissue and

creating images are repeated multiple times. Obtaining a set of renderings S110 may



additionally and/or alternatively include retrieving a set of images or renderings from a

storage device such as a hard drive or an online server, or any suitable storage such as

hard copy patient records.

[0013] The step of scanning the tissue S112 preferably includes surrounding the

tissue with a transducer that transmits and receives acoustic waves through the tissue.

For example, as shown in FIGURES 2 and 3A, to scan breast tissue of a breast cancer

patient with an ultrasound tomography scanner having a ring-shaped transducer, the

patient positions themselves face down on a flexible bed having a hole in the chest

region of the bed. The breast of the patient passes through the hole in the bed and is

positioned within the transducer immersed in a water bath. The ring transducer is

preferably fixed to a gantry, and, during the scanning step S112, moves in a vertical path

to pass between the chest wall and the nipple region in an anterior-posterior direction,

thereby preferably imaging the entire breast (alternatively a selected portion of the

breast). The scanner is preferably similar to that described in U.S. Patent Publication

No. 2008/0275344 entitled "Method and apparatus for categorizing breast density and

assessing cancer risk utilizing acoustic parameters", which is incorporated in its entirety

by this reference. However, the ring transducer may be used to scan any suitable tissue,

such as an arm, hand, leg, or foot. The scanner is preferably relatively inexpensive,

quick, and more comfortable for the patient and easy to install and operate. The

scanning step preferably gathers acoustic data including acoustic reflection from tissue,

acoustic attenuation within tissue, and/or acoustic speed within tissue. However, the

scanning step may additionally and/or alternatively gather any other acoustic data or



suitable biomechanical property of the tissue. The method may alternatively include

obtaining a set of morphology renderings using magnetic resonance imaging (MRI),

positron emission tomography (PET), or any suitable device to generate renderings of

tissue. For example, PET may be used to assess metabolic changes in tissue to generate

tissue images.

[0014] The step of creating images representing acoustic parameters of the tissue

S114 preferably includes generating one or more two-dimensional (2D) images from the

acoustic data obtained during the scanning step, and may include generating one or

more three-dimensional (3D) images of the tissue. In a preferred embodiment, as shown

in FIGURE 3C, generating one or more 2D images includes generating a plurality of 2D

cross-sectional images (e.g., "slices" in the coronal plane, or any suitable plane) of the

tissue S116 and combining the 2D cross-sectional images of the tissue into a 3D image of

the tissue S118. The images are preferably tomography images, and more preferably

ultrasound tomography images, although they may alternatively be any suitable

tomography imges. A general process for combining stacks of 2D images into a 3D

image is known by one skilled in the art, but one possible process is described in U.S.

Patent Publication No. 2008/0275344. Alternatively, the 2D and/or 3D images may be

generated in any suitable manner. As shown in FIGURE 3D, in the step of obtaining a

set of sequential morphology renderings S110, the steps of scanning and creating images

are preferably repeated until a chronological set of renderings of the tissue (preferably

3D) are obtained, such that the set includes a morphological rendering at times ti, t2,

t3... tn are obtained. The images preferably represent at least one of acoustic reflection



from the tissue, acoustic attenuation within the tissue, and acoustic speed within the

tissue. However, the images may additionally and/or alternatively represent any

suitable biomechanical property of the tissue. For example, the images may represent

the tissue under Doppler radar or the interaction of the tissue with a contrast agent (e.g.,

uptake or kinetics of flow). As shown in FIGURE 3B, each acoustic parameter is

preferably imaged in a separate stack of 2D images, such that at each cross-sectional

level in the stack, the images for acoustic reflection (Ir), attenuation (la), and/or

acoustic speed (Is) can be overlaid or combined into a merged 2D image.

[0015] The step of generating a set of representative values of a biomechanical

property S120 functions to quantify or otherwise characterize the biomechanical

property in the set of renderings. As shown in FIGURE 4, the step of generating a set of

representative values S120 preferably includes calculating an average value of the

biomechanical property for each rendering S122, thereby generating a set of sequential

or chronological volume average values of the biomechanical property of the tissue.

Generating a set of representative values S120 may further include normalizing the set

of representative values, such as to remove statistical error from the measured data. The

generated representative values of the set of renderings are preferably of acoustic speed,

but may additionally and/or include acoustic attenuation, acoustic speed, tissue density,

and/or any suitable biomechanical property. In a preferred embodiment, the average

value is a volume average of the biomechanical property in a primary tumor in the

patient. The primary tumor is preferably defined by locating an outline of the tumor

mass as it appears on the morphology renderings of the acoustic reflection image, and



the tumor outline may be replicated on the acoustic attenuation and/or acoustic speed

morphology renderings to show the boundary of the primary tumor. The volume

average preferably incorporates the mean value of the biomechanical property within

the volume of the primary tumor as characterized by the renderings. For example, an

average volumetric acoustic speed may be calculated as described in U.S. Patent

Publication No. 2008/0275344. However, the volume average may be a representative

value of the biomechanical property in the primary tumor calculated in any suitable

manner. For example, the volume average may additionally and/or alternatively include

other aspects, such as being weighted by a spatial distribution of the values of the

biomechanical property throughout the primary tumor. In another example, the volume

average may take into account a combination of multiple different kinds of

biomechanical properties throughout the primary tumor.

[0016] In one variation, the average value may be the mean or other statistical

average of multiple volume averages of the multiple tumors, or the maximum volume

average value of the multiple volume averages of multiple tumors. In another variation,

the average value is the mean or other statistical average of any suitable healthy or

unhealthy portion of the rendered tissue. However, the average value may alternatively

be any suitable average value.

[0017] Calculating an average value of the biomechanical property for each

rendering S122 preferably includes accounting for the difference between the value of

the biomechanical property within the tumor tissue and the value of the biomechanical

property in background tissue surrounding the tumor tissue S124. Accounting for the



difference functions to disregard the value of the biomechanical property in the

background tissue. Preferably, accounting for the difference S124 includes subtracting

an average value of the biomechanical property in background tissue from the volume

average value of the biomechanical property of the tumor tissue S126, but the difference

may be accounted for in any suitable manner. The boundary of background tissue

relative to tumor tissue in each rendering may be defined in one or more of several

manners. In one variation, the background tissue may be defined as a region beyond a

distance threshold (e.g., 2 centimeters) beyond the boundary of the outlined tumor

tissue. In another variation, the background tissue may be defined as a region beyond a

boundary where the gradient in the biomechanical property satisfies a difference

threshold. However, the boundary of background tissue relative to tumor tissue may be

defined in any suitable manner.

[0018] In another variation, generating a set of representative values S120

includes determining an initial or baseline value of the biomechanical property, or any

suitable singular value of the biomechanical property. For instance, the initial value may

be taken from the first rendering obtained in step S110. Furthermore, determining a

trend of the biomechanical property S130 may include characterizing initial values of

multiple biomechanical properties, or any suitable singular values of multiple

biomechanical properties.

[0019] Alternatively, generating a set of representative values S120 may include

characterizing the spatial distribution of the biomechanical property in each of the set of

renderings. The characterization may be qualitative, or may be quantitative such as by



generating a parameter descriptive of the spatial distribution of the biomechanical

property. Generating a set of representative values S120 may include characterizing the

spatial distribution of acoustic speed in an acoustic rendering, but may additionally

and/or alternatively include characterizing the spatial distribution of acoustic

attenuation or any suitable biomechanical property.

[0020] The step of determining a trend of the biomechanical property S130

functions to generate metrics, based on the acoustic data, that may be analyzed for

predicting or otherwise characterizing patient response to a treatment plan.

Determining a trend S130 preferably includes calculating a rate of change in the set of

average values S132, which may be one or more of several variations. In a first variation,

as shown in FIGURE 6, determining a trend of the biomechanical property S130

includes graphing the set of average values of the biomechanical property on a plot

against a temporal variable (e.g., number of days of treatment or number of treatments)

S134. Each value of the set of average values may be expressed as an absolute value,

expressed as a percentage of the first average value of the set, or in any suitable manner.

In this variation, calculating a rate of change S132 preferably includes calculating a slope

of a best-fit curve fitted to at least a portion of the plot. In other words, the calculated

rate of change in the biomechanical property may be the slope of a best-fit curve fitted to

two or more values in the set of volume average values. Alternatively, the calculated rate

of change may be the slope between the first and last average values, the mean or

median of slopes between subsets of adjacent pairs of average values, percentage

difference between two or more points on the plots, or any suitable statistical measure



of rate of change in the plot. The calculated rate of change may or may not be displayed

on the plot.

[0021] In a second variation, determining a trend of the biomechanical property

S130 includes mathematically calculating the rate of change. The calculation may be

similar to the first variation except the computation is performed without graphing the

set of average values on a plot.

[0022] In a third variation, determining a trend of the biomechanical property

S130 includes determining a trend of multiple biomechanical properties. For example,

initial values of multiple biomechanical properties may be characterized relative to each

other, such as by plotting (or comparing in any suitable manner, such as by calculating a

ratio) the initial value of one biomechanical property against another biomechanical

property. For example, in determining a trend of multiple biomechanical properties, the

initial value of acoustic speed of the tissue may be compared to the initial value of

acoustic attenuation of the tissue. Furthermore, as shown in FIGURE 6, multiple time-

dependent representative values (e.g., chronological average values) of one

biomechanical property may be compared to those of another biomechanical property,

such as on a multi-dimensional plot having time-dependent values of acoustic speed on

one axis, time-dependent values of acoustic attenuation on another axis, and potentially

a temporal variable on a third axis, or on a plot having a ratio of two biomechanical

properties on one axis and a temporal variable on another axis.

[0023] In an alternative embodiment, determining a trend of the biomechanical

property S132 may include graphing the set of average values of the biomechanical



property on a plot against a temporal variable, similar to the plot of the first variation,

and characterizing the general shape of the curve formed by the plot. The general shape

(e.g., a plateau) of the curve may be characterized quantitatively and/or qualitatively.

For example, the trend of the biomechanical property shown on the plot may be

described as having a certain type of slope or plateau indicating an approximately

degree of gradient or flatness, respectively.

[0024] The step of predicting response of the tissue S140 based on the trend of

the biomechanical property functions to characterize the tissue response to the

treatment plan. During the predicting step, the trend of the biomechanical property may

be assessed for change in tissue properties, such as for long-term multiple stage

intervention like chemotherapy and radiation therapy, or for cell death as a result of

ablation interventions like cryotherapy, radiofrequency (RF) ablation, or

electroporation. As shown in FIGURE 7, predicting response of the tissue S140

preferably includes comparing the rate of change to a threshold S142. The threshold

may be quantitative, or qualitative. The threshold is preferably based on data

characterizing the response of prior patients to the treatment plan, such that prior

patients undergoing the treatment plan form a baseline to which current patients may

be compared. For example, thresholds may be determined with prior experimental data

of patients who were scanned and analyzed according to the preferred method. Some or

all of these prior patients may have completed the treatment plan, and additional means

such as MRI or PET scans may have been used to determine whether these patients

responded or did not respond to the treatment plan, and to what degree of success the



responsive patients had with the treatment plan. Analysis of prior patients'

experimental data may yield multiple thresholds that indicate varying thresholds of

predicted responsiveness (e.g., "complete", "partial", or "nonresponsive") to the

treatment plan.

[0025] In a preferred variation, the threshold may be a "success" threshold, such

that if the rate of change (or any singular value, such as an initial baseline value) of the

biomechanical property is at and/or above the success threshold, the patient is

predicted to respond positively to the continued treatment plan. Furthermore, in this

variation, if the rate of change does not meet the success threshold, then the patient is

predicted to not respond favorably to the treatment. The exact comparison of the rate of

change or other trend relative to the threshold depends on the specific biomechanical

property. For example, if the rate of change in acoustic speed in a primary tumor in a

particular patient is a declining slope that is steeper than the slope of the success

threshold, then the particular patient is predicted to respond positively to the continued

treatment plan. However, for other biomechanical properties, the patient may be

predicted to respond positively if the rate of change is an inclining slope that is steeper

than the slope of the success threshold. Alternatively, the threshold may be considered a

"fail" threshold.

[0026] Predicting response of the tissue S140 may be additionally and/or

alternatively include any suitable characteristic of the set of average values of the

biomechanical property. For example, in one alternative variation, predicting response

of the tissue S140 includes analyzing the general shape of the curve formed by a plot of



the set of average values against a temporal variable. In another variation, predicting

response of the tissue S140 includes analyzing the initial starting value of biomechanical

property in the set of average values. In yet another variation, predicting response of the

tissue S140 includes analyzing the trend of one or more biomechanical property and/or

morphological characteristic relative to another biomechanical property and/or

morphological characteristic. For example, analyzing the trend may include analyzing

the spread or distribution of values on a multi-dimensional plot that has values of one

biomechanical property (e.g., acoustic speed) on one axis, values of another

biomechanical property (e.g., acoustic attenuation), and potentially a temporal variable

on a third axis. In another example, analyzing the trend may include analyzing the trend

of the ratio between two biomechanical properties (or general shape of the curve formed

by a plot of the ratios against a temporal variable).

[0027] The method may further include modifying the treatment plan based on

the predicted response S150, which functions to utilize the predicted response of the

tissue to most benefit the patient. For example, if the prediction is that the patient will

respond favorably to the treatment plan, then the step of modifying the treatment plan

based on the predicted response S150 may include maintaining the current treatment

plan and/or continuing to monitor the physiological response of the patient. As another

example, if the prediction is that the patient will not respond favorably to the treatment,

then the step of modifying the treatment plan may include: altering characteristics of

the treatment plan (such as type of dose, dosage amount, dosage frequency, or

distribution pattern of radiation or ablation), administering a different kind of



treatment, or aborting the treatment plan. Other suitable modifications, dependent on

the specific nature and status of the patient as known by one skilled in the art, may be at

the physician's discretion.

[0028] As a person skilled in the art will recognize from the previous detailed

description and from the figures and claims, modifications and changes can be made to

the preferred embodiments of the invention without departing from the scope of this

invention defined in the following claims.



CLAIMS

We Claim:

1. A method of characterizing the pathological response of tissue to a treatment

plan, comprising:

• obtaining a set of sequential morphology renderings of the tissue, wherein each

rendering corresponds to a particular point in time during the treatment plan;

• generating a set of representative values of a biomechanical property of the tissue

for the set of renderings, wherein each representative value is based on a

corresponding rendering;

• determining a trend of the biomechanical property based on the set of

representative values; and

• predicting response of the tissue to the treatment plan based on the trend of the

biomechanical property.

2. The method of Claim l , wherein obtaining a set of sequential morphology

renderings includes obtaining a set of morphology renderings of tumor tissue.

3. The method of Claim 1, wherein obtaining a set of sequential morphology

renderings includes scanning the tissue to obtain acoustic data and creating images

representing acoustic parameters of the tissue with the acoustic data.



4. The method of Claim 3, wherein scanning the tissue includes scanning with an

ultrasound scanner.

5. The method of Claim 3, wherein creating images includes creating images

representing at least one of acoustic reflection from the tissue, acoustic attenuation

within the tissue, and acoustic speed within the tissue.

6. The method of Claim 4, wherein creating images includes generating one or more

two-dimensional images.

7. The method of Claim 6, wherein creating images includes generating a plurality

of two-dimensional cross-sectional images of the tissue and combining the cross-

sectional images into a three-dimensional image of the tissue.

8. The method of Claim 7, wherein scanning the tissue includes surrounding breast

tissue with a ring transducer and passing the ring transducer along an anterior-posterior

direction relative to the breast tissue.

9. The method of Claim 3, wherein scanning the tissue and creating images are

repeated at regular time intervals during the treatment plan.



10. The method of Claim 1, wherein generating a set of representative values of a

biomechanical property includes calculating a volume average value of the

biomechanical property of the tissue for each rendering, thereby generating a sequential

set of volume average values of the biomechanical property of the tissue.

11. The method of Claim 10, wherein calculating a volume average value includes

calculating a volume average value of acoustic speed within the tissue for each

rendering.

12. The method of Claim 10, wherein calculating a volume average value includes

calculating a volume average value of breast density within the tissue for each rendering.

13. The method of Claim 10, wherein calculating a volume average value includes

calculating a volume average value of the biomechanical property of tumor tissue,

thereby generating a set of volume average values of the biomechanical property of

tumor tissue.

14. The method of Claim 13, wherein calculating the volume average value of the

biomechanical property of the tumor tissue includes accounting for the difference

between the value of the biomechanical property within the tumor tissue and the value

of the biomechanical property in background tissue surrounding the tumor tissue.



15. The method of Claim 14, wherein accounting for the difference includes

subtracting an average value of the biomechanical property in background tissue from

the volume average value of the biomechanical property of the tumor tissue.

16. The method of Claim 14, wherein calculating the volume average value of the

biomechanical property of the tumor tissue includes calculating the volume average

value of acoustic speed within the tumor tissue.

17. The method of Claim 1, wherein generating a set of representative values includes

determining an initial or baseline value of the biomechanical property.

18. The method of Claim 1, wherein generating a set of representative values includes

characterizing the spatial distribution of the biomechanical property in each of the set of

renderings.

19. The method of Claim 1, wherein determining a trend of the biomechanical

property in the tissue includes calculating a rate of change in the set of representative

values.

20. The method of Claim 19, wherein calculating a rate of change includes calculating

a slope of a best-fit curve fitted to two or more values in the set of representative values.



21. The method of Claim 19, wherein predicting response of the tissue includes

comparing the rate of change to a threshold.

22. The method of Claim 21, wherein comparing the rate of change to a threshold

includes comparing the rate of change to a threshold that is based on data characterizing

response of prior patients to the treatment plan.

23. The method of Claim 1, wherein determining a trend of the biomechanical

property in the tissue includes analyzing the general shape of the curve formed by a plot

of the set of average values against a temporal variable.

24. The method of Claim 1, wherein predicting response of the tissue includes

comparing the trend of the biomechanical property to a threshold.

25. The method of Claim 1, wherein predicting response of the tissue includes

analyzing the trend of one or more biomechanical property relative to another

biomechanical property.

26. The method of Claim 1, wherein determining a trend includes determining a

trend of acoustic speed within the tissue in the sequential morphology renderings.



27. The method of Claim 1, wherein determining a trend includes determining a

trend in volume average value of acoustic attenuation within the tissue in the sequential

morphology renderings.

28. The method of Claim 1, wherein determining a trend includes determining a

trend in acoustic reflection within the tissue in the sequential morphology renderings.

29. The method of Claim 1, wherein determining a trend includes determining a

trend in Doppler measurements in the sequential morphology renderings.

30. The method of Claim 1, wherein determining a trend includes determining a

trend in contrast agent uptake measurements in the sequential morphology renderings.

31. The method of Claim 1, further comprising modifying the treatment plan based

on the predicted response.

32. A method of characterizing pathological response of a tumor in patient tissue to a

treatment plan, comprising:

• obtaining a set of sequential ultrasound morphology renderings of the tissue,

wherein each rendering corresponds to a different point in time during the

treatment plan;



• generating a set of volume average values of acoustic speed within the tumor for

the set of renderings, wherein each volume average value is based on a

corresponding rendering;

• calculating a rate of change in acoustic speed within the tumor based on the set of

volume average values; and

• predicting response of the tumor to the treatment plan based on the rate of

change of the sound speed within the tumor.

33. The method of Claim 32, wherein obtaining a set of sequential ultrasound

morphology renderings includes generating a plurality of two-dimensional cross-

sectional images of the tumor and combining the cross-sectional images into a three-

dimensional image of the tumor.

34. The method of Claim 33, wherein obtaining a set of sequential ultrasound

morphology renderings includes scanning the tumor tissue with a ring transducer and

passing the ring transducer along an anterior-posterior direction relative to the tumor

tissue.

35. The method of Claim 32, wherein calculating a rate of change in acoustic speed

within the tumor includes calculating a slope of a best-fit curve fitted to two or more

values in the set of volume average values.



36. The method of Claim 32, wherein predicting response of the tumor includes

comparing the rate of change to a threshold that is based on data characterizing

response of prior patients to the treatment plan.

37. The method of Claim 32, further comprising modifying the treatment plan based

on the predicted response.













INTERNATIONAL SEARCH REPORT International application No.

PCT/US201 1/024765

A . CLASSIFICATION O F SUBJECT MATTER
IPC(8) - A61 B 5/00 (201 1.01 )
USPC - 424/9.1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - A61B 5/00, 5/055, 6/00 (201 1.01)
USPC - 382/128; 424/9.1. 9.3. 9.5

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatBase, MicroPatent, Google Patents

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, o f the relevant passages Relevant to claim No.

US 2009/0035218 A 1 (ROSS et al) 05 February 2009 (05.02.2009) entire document 1-2, 17, 19, 21-23, 25, 3 1

3-16, 18, 20, 24, 26-30,
32-37

US 2008/0275344 A 1 (GLIDE-HURST et al) 06 November 2008 (06.1 1.2006) entire document 3-16, 18, 20, 24, 26-30,
32-37

US 2005/0260745 A 1 (DOMANSKY et al) 24 November 2005 (24.11.2005) entire document 1-37

WO 2005/057467 A2 (JERSEY-WILLUHN et al) 23 June 2005 (23.06.2005) 1-37

US 2006/0085049 A 1 (CORY et al) 20 April 2006 (20.04.2006) entire document 1-37

I I Further documents are listed in the continuation o f Box C . | |

' Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified) "Y" document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than "&" document member of the same patent family

the priority date claimed

Date o f the actual completion of the international search Date o f mailing o f the international search report

05 May 201 1 1 6 JUN 2011
Name and mailing address o f the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Form PCT/ISA/210 (second sheet) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

