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Description

Field of the Invention

[0001] The invention generally relates to imaging tech-
nology for medical diagnostic purposes. More specifical-
ly, the invention describes a system and method for phys-
ical characterization of solid tumors, using standard MRI
scanners. The invention provides knowledge on the in-
terstitial fluid velocity, at the site of the scanned tissue,
which can be used to select a treatment option for de-
tected solid tumors.

Background of the Invention

[0002] One major factor contributing to resistance of
tumors to therapy is high Interstitial Fluid Pressure (IFP)
in the area surrounding a solid tumor, as high IFP pre-
vents efficient drug delivery. IFP is known to have a major
effect on drug uptake by controlling the flow of blood-
borne chemotherapeutic agents into the tumor intersti-
tium, the tissue space surrounding the cells. It is well
established that most solid tumors demonstrate high
pressure in the tumor interstitium. Elevated IFP in tumors
is a consequence of abnormal tumor vasculature, high
vascular permeability and absence of functional lymphat-
ic drainage. The fluid pressure is elevated in tumors ex-
cept at the margin, where it steeply drops.
[0003] The pressure gradient between the tumor and
the normal tissue causes fluid to leak out of the tumor.
This high peritumoral Interstitial Fluid flow Velocity (IFV)
facilitates outflow of tumor-generated growth factors and
metastatic tumor cells, and results in poor delivery of sys-
temically administered therapies to tumors, such as con-
ventional cytotoxic agents and monoclonal antibodies.
[0004] High IFP has been shown to be associated with
metastasis and with poor clinical outcome. Thus, an ef-
fective assessment of the IFP or IFV in patients, could
be used as a predictor of their future resistance to ther-
apy. Estimating the presence of such a potential barrier
to drug delivery, can prevent ineffective treatments and
improve the treatment plan.
[0005] To date, measurement of IFP has been per-
formed by invasive needle insertion. This method is in-
accurate and painful, and thus is not suitable for routine
assessment of solid tumors.
[0006] Attempts were made to non-invasively assess
the IFP levels, in pre-clinical and clinical studies. How-
ever, prior art methods were dependent on MRI acquisi-
tion sequences, and therefore not repeatable between
different MRI machines. Other methods required compli-
cated analysis based on pharmacokinetic models, or
were not applicable to routine MRI examinations.
[0007] For instance, U.S, Pat. 8,200,312 to Degani et
al., utilized dynamic contrast-enhanced MRI (DCE-MRI)
to assess IFP. The ’312 method required slow infusion
of the contrast material until a "steady state" was
achieved (see Figs.1, 2), necessitating over two hours

of MRI scanning time (infusion time), which is impractical
in a routine hospital setting, such a busy radiology de-
partment. The ’312 additionally depends on the param-
eters which may vary from one hospital setting to another,
such as the MRI acquisition protocol, and the pharma-
cokinetic parameters, so that the results are not compa-
rable between different institutions.
[0008] In another attempt to non-invasively determine
the IFV, a clinical study to Hompland et al., utilized a
physical model to assess the interstitial fluid flow velocity
(IFV) in the peritumoral tissue surrounding several types
of tumors (Cancer Res., vol. 72, no. 19, pp. 4899-4908,
2012, T. Hompland, C. Ellingsen, K. M. Ovrebo, and E.
K. Rofstad, "Interstitial fluid pressure and associated
lymph node metastasis revealed in tumors by dynamic
contrast-enhanced MRI."). The evaluated velocity was
correlated to the standard (invasive needle insertion)
measurement of IFP. Disappointingly, the method re-
quired a manual analysis to identify several points along
the tumor rim images of each patient, which does not
provide sufficient data for a robust method. Additionally,
such manual activity is too time-consuming to be feasible
for use as a routine clinical method. Document WO
2013/034912 discloses a magnetic resonance imaging
(MRI) method of investigating fluid flow in a region of
interest of a tissue (possibly a tumor) by substantially
eliminating the magnetic resonance signal of blood flow-
ing in one or more blood vessels in the tissue by applying
a nulling preparation to the tissue; and deriving the inter-
stitial fluid velocity using magnetic field gradients.
[0009] Publication "MRI contrast agent concentration
and tumor interstitial fluid pressure" to Liu L J et al.
presents a method for determining tumor interstitial fluid
pressure based on phase contrast imaging, which is a
tool for visualizing fluid flow. Spins that are moving along
the direction of the magnetic field gradient cause a phase
shift that is proportional to their velocity. Theoretical re-
search and MRI images show that the signal intensity is
proportional to the spatial velocity of fluid. The maximum
gray value in the tumor rim corresponds to the maximum
fluid velocity at tumor surface. Therefore, the displace-
ment of the brightest points can be used to determine
fluid velocity, which is maximum at the tumor surface.
[0010] It would be advantageous if an automatic non-
invasive test could be developed for assessment of the
IFV in mammalian tissues, which would not require ex-
cessive time and efforts from medical staff or from the
patient.
[0011] It is an object of the invention to provide a clin-
ically-reliable and non-invasive method to measure IFV
as an assessment of the IFP level in mammalian tissue,
and thus predict the efficiency of drug uptake.
[0012] Patients found to have a solid tumor and an el-
evated IFV, could be treated accordingly, for example by
using targeted therapies to reduce tumor hypertension
and increase the efficiency of drug delivery. Such target-
ed therapies have not been tested to date on patients,
due to the lack of a routine method to assess the IFP.
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[0013] The method should be automatic, and should
not require extra effort from the radiologist reviewing the
images or from other medical personnel.
[0014] These and other features and advantages will
become more apparent from the Detailed Description
that follows.

Summary of the Invention

[0015] The present invention describes automatic as-
sessment of the peritumoral IFV, using images taken dur-
ing routine Dynamic Contrast-Enhanced (DCE) imaging
examinations of mammalian tissue.
[0016] In a general overview, the invention provides
novel image processing techniques, to track the tumor
rim (hereinafter, for the sake of matching the terminology
with the terminology used in the field of image processing,
will be referred as tumor contour), calculate the fluid flow
velocity and map the fluid flow throughout the peritumoral
regions. The invention utilizes standard DCE protocols,
and is performed automatically using the software of the
invention, without any added interventions from the ra-
diologist other than the routinely performed identification
of the tumor borders. The invention enables analysis of
any available image datasets, and is not limited to a spe-
cific MRI protocol or other imaging protocol (which may
vary from one hospital to another).
[0017] Dynamic Contrast Enhanced imaging de-
scribes acquisition of baseline image(s) without contrast
enhancement ("pre-contrast"), followed by a series of im-
ages acquired over time after an intravenous bolus of
conventional contrast material ("post-contrast"). The
presence of CA within blood vessels and tissues affects
measured X-ray attenuation on CT in a linear fashion and
the calculated signal intensity on MRI in a non-linear man-
ner. Thus, the temporal changes in contrast enhance-
ment effectively provide a time-concentration curve,
which can be analyzed to quantify a range of physiolog-
ical parameters that indicate the functional status of the
vascular system within tumors and adjacent tissues. Dur-
ing the first-pass of the CA through the circulation (typi-
cally 45-60 s after injection), CA is predominantly intra-
vascular allowing evaluation of perfusion (i.e. blood flow
per unit volume or mass of tissue), relative blood volume
(rBV) and mean transit time. During the subsequent 2-10
min, there is increasing passage of CA into the extravas-
cular space, and imaging during this delayed phase en-
ables measurement of vascular permeability and relative
extravascular volume.
[0018] According to an aspect of some embodiments
of the present invention there is provided a method for
automated characterization of solid tumors in mammali-
an tissue, using medical imaging, the method comprising:
(a) acquiring a sequence of images of mammalian tissue,
captured with a medical imager using a Dynamic Con-
trast Enhanced (DCE) imaging protocol; (b) performing
image registration of the sequence of images to align the
sequence of images and compensate for at least one of

the following: patient movements, respiration movement,
and gravity effects; (c) if a solid tumor is present, detect-
ing a contour of the solid tumor in each one of the post
contrast images, among the sequence of images; (d) di-
viding the contours to segments, and matching segments
that are related to different images, in the sequence of
images; (e) calculating a displacement of the contrast
material of the DCE protocol between each of the
matched segments; (f) fitting the displacements to a fluid
flow model, and extracting for each segment, an estima-
tion of the interstitial fluid velocity; (g) conditioned upon
one or more of the estimations of the interstitial fluid ve-
locity of the segments, calculating and reporting a char-
acterization of the solid tumor, wherein the characteriza-
tion comprises an assessment for at least one of or any
combination of: the tumor and/or peri-tumor interstitial
fluid velocity, the tumor interstitial fluid pressure, the tu-
mor drug delivery efficiency, or the tumor prognostic or
metastasis risk.
[0019] According to some embodiments of the inven-
tion, in step (g) only a portion of the segment interstitial
fluid velocity estimations are used in calculating the solid
tumor characterization.
[0020] According to some embodiments of the inven-
tion, step (f) is further comprises an extracting, for each
segment, an estimation of attenuation coefficient of the
interstitial fluid flow model;
According to some embodiments of the invention, in step
(c) the contour is detected using a Distance Regularized
Level Set Evolution (DRLSE) algorithm.
[0021] According to some embodiments of the inven-
tion, step (c) comprises an initial contour guess, either
manually marked by a radiologist, or automatically de-
tected by at least on of or any combination of the following
algorithms: (1) K-means, (2) Mean-shift, (3) Expectation-
Maximization fitting, or (4) edge detection.
[0022] According to some embodiments of the inven-
tion, step (c) further comprises smoothing the contour.
[0023] According to some embodiments of the inven-
tion, calculating the displacements in step (e) is based
on Hausdorff distance between the segments.
[0024] According to some embodiments of the inven-
tion, fitting the displacements to a fluid flow model in step
(f) is performed using a non-linear least squares regres-
sion analysis.
[0025] According to some embodiments of the inven-
tion, step (e) and step (f) further comprise preparing a
spatial-temporal data vector of the segment, inputting the
spatial-temporal data vector into an artificial neural net-
work that is pre-trained to provide an estimation of the
interstitial fluid velocity of the segment.
[0026] According to some embodiments of the inven-
tion, the method further comprises providing maps of in-
terstitial fluid velocities at the contour of the solid tumor.
[0027] According to some embodiments of the inven-
tion, the medical imager is a magnetic resonance imager
(MRI).
[0028] According to some embodiments of the inven-
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tion, the medical imager is an X-ray tomography imager.
[0029] According to some embodiments of the inven-
tion, the medical imager is at least one of or any combi-
nation of: (a) X-ray tomography imager, (b) magnetic res-
onance imager (MRI), (c) Positron emission tomography
(PET), (d) Single-photon emission computed tomogra-
phy (SPECT), and (e) Ultrasound imager.
[0030] According to some embodiments of the inven-
tion, the segments in step (d) are extracted from a single
image slice, wherein the tumor is seen largest in this slice.
[0031] According to some embodiments of the inven-
tion, the segments in step (d) are extracted from a plu-
rality of image slices.
[0032] According to some embodiments of the inven-
tion, the segments in step (d) are two-dimensional (2D)
surfaces patches extracted from the images.
[0033] According to some embodiments of the inven-
tion, steps (e) and step (f) are replaced with the steps of
preparing of a spatial-temporal data vector of the seg-
ment, and inputting the spatial-temporal data vector into
an artificial neural network that is pre-trained to provide
an estimation of the interstitial fluid velocity of the seg-
ment.
[0034] According to an aspect of some embodiments
of the present invention there is provided a computing
system for automated characterization of solid tumors,
the computing system comprising:

i. an interface, wherein the interface is configured to
acquire data from medical imaging devices;
ii. one or more processors, wherein the processors
are configured to perform the following:

(a) acquire a sequence of images from a medical
imager using a Dynamic Contrast Enhanced
(DCE) imaging protocol;

(b) perform image registration of the sequence
of images to align the sequence of images and
compensate for at least one of the following: pa-
tient movements, respiration movement, and
gravity effects;

(c) if a solid tumor is present, detect a contour
of the solid tumor in each one of the post contrast
images, among the sequence of images;

(d) divide the contours to segments, and match
segments that are related to different images, in
the sequence of images;

(e) calculate a displacement of the contrast ma-
terial of the DCE protocol between each of the
matched segments;

(f) fit the displacements to a fluid flow model,
and extract for each segment, an estimation of
the interstitial fluid velocity;

(g) conditioned upon one or more of the estima-
tions of the interstitial fluid velocity of the seg-
ments, calculate and report a characterization
of the solid tumor, wherein the characterization
comprises an assessment for at least one of or
any combination of:

• the tumor or peri-tumor interstitial fluid ve-
locity,

• the tumor interstitial fluid pressure,
• the tumor drug delivery efficiency, or
• the tumor prognostic or metastasis risk; and

iii. an outputting device that reports the characteri-
zation of the solid tumor.

According to some embodiments of the invention, the
acquired data is data from a magnetic resonance imager
(MRI).
[0035] According to some embodiments of the inven-
tion, the acquired data is data from an X-ray tomography
imager.
[0036] According to some embodiments of the inven-
tion, the acquired data is data from is at least on of or
any combination of: (a) X-ray tomography imager, (b)
magnetic resonance imager (MRI), (c) Positron emission
tomography (PET), (d) Single-photon emission comput-
ed tomography (SPECT), (e) Ultrasound imager.
[0037] According to an aspect of some embodiments
of the present invention there is provided a non-transitory
computer readable medium storing a program causing a
computer to execute the method of characterization of
solid tumors described hereinabove.
[0038] Unless otherwise defined, all technical and/or
scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art
to which the invention pertains. Although methods and
materials similar or equivalent to those described herein
can be used in the practice or testing of embodiments of
the invention, exemplary methods and/or materials are
described below. In case of conflict, the patent specifi-
cation, including definitions, will control. In addition, the
materials, methods, and examples are illustrative only
and are not intended to be necessarily limiting.
[0039] Implementation of the method and/or system of
embodiments of the invention can involve performing or
completing selected tasks manually, automatically, or a
combination thereof. Moreover, according to actual in-
strumentation and equipment of embodiments of the
method and/or system of the invention, several selected
tasks could be implemented by hardware, by software or
by firmware or by a combination thereof using an oper-
ating system.

Brief Description of the Drawings

[0040] The present invention is illustrated by way of
example in the figures of the accompanying drawings, in
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which like references indicate similar elements and in
which:

FIG. 1 is a flow chart of a method for assessment of
Interstitial Fluid Pressure (IPF) of solid tumors from
medical imaging data.
FIG. 2 is illustrates the principal of the segmenting,
for contours detected in three post-contrast images.
FIG. 3 illustrates fitting of the displacement meas-
urements to the flow model.
FIG. 4 illustrates an exemplary block diagram of a
computing system for automated characterization of
solid tumors, according to the invention.

Detailed Description of the Invention

[0041] In the following detailed description, numerous
specific details are set forth in order to provide a thorough
understanding of the present invention. There is no in-
tention to limit the invention to the details of construction
and the arrangement of the components set forth in the
following description or illustrated in the drawings. The
invention is capable of other embodiments or of being
practiced or carried out in various ways. Also, it is to be
understood that the phraseology and terminology em-
ployed herein are for the purpose of description and
should not be regarded as limiting.
[0042] The present invention describes automatic as-
sessment of the IFP or the peritumoral IFV, using images
taken during routine dynamic contrast-enhanced MRI ex-
aminations of mammalian tissue. In a general overview,
the invention provides novel image processing tech-
niques, to track the tumor rim (hereinafter, for the sake
of matching the terminology with the terminology used in
the field of image processing, will be referred hereinafter
as tumor contour), calculate the fluid flow velocity and
map the fluid flow throughout the peritumoral regions.
The invention utilizes standard contrast-enhanced MRI
protocols, and is performed automatically using the soft-
ware of the invention, without any added interventions
from the radiologist other than the routinely performed
identification of the tumor borders. The invention enables
analysis of any available MRI image datasets, and is not
limited to a specific MRI protocol (which may vary from
one hospital to another).
[0043] Reference is now made to Figure 1. Figure 1 is
a flow chart of a method for automated characterization
of solid tumors using medical imaging. The method is
based on medical imaging of the tumor using Dynamic
Contrast Enhanced (DCE) imaging protocol. The term
"Dynamic Contrast Enhanced (DCE) imaging protocol"
refers herein to a medical imaging method where images
are acquired dynamically after injection of a contrast ma-
terial. As used herein, the term "pre-contrast image"
means an image that acquired before the injection of the
contrast material. As used herein, the term "post-contrast
image" means an image that acquired after the injection
of the contrast material. Generally, a sequence of post

contrast images are taken to analyze the dynamics of
the diffusion of the contrast material. Contrast material
may be gadolinium, iodine, barium, saline solution or the
like. The contrast material selected at least conditioned
upon the type of imager and the type of tumor.
[0044] The method 100 sequentially performs steps
110 to step 170. Step 110 is acquiring a sequence of
images from a medical imager in accordance with a Dy-
namic Contrast Enhanced (DCE) imaging protocol.
[0045] Step 120 is performing image registration of the
sequence of images to align the sequence of images and
compensate for one of or any combination of: a patient’s
movements, respiration movements, and gravity effects.
The alignment is performed if any misalignment between
the images exists. The misalignments might be because
of the movements of the patient between successive im-
age taken, movement due to respiration, movements due
to gravity forces during movements and the like.
The image registration can be performed using many
known algorithms in the art. For example, the image reg-
istration may be performed by maximization of the nor-
malized mutual information as disclosed by J.P. Pluim,
J.B. Maintz, and M.A. Viergever, in a paper entitled "Im-
age registration by maximization of combined mutual in-
formation and gradient information", published in IEEE
Trans. Med. Imaging, vol. 19, no. 8, pp. 809-814, Aug.
2000. The alignment processing must handle the signif-
icant intensity variations between consecutive images
during post-contrast material injection time.
[0046] Step 130 is detecting a contour of the solid tu-
mor in each post contrast images of the solid tumor. To
emphasize the tumor and clarify the images, subtracted
images are used: Subtracted images are post contrast
images, containing only the difference from the pre-con-
trast image. There are many ways to detect the contour
from an initial contour in each image in the sequence.
[0047] In an exemplary embodiment of the invention,
the contour is detected using a Distance Regularized
Level Set Evolution (DRLSE) algorithm, disclosed by C.
Li, C. Xu, C. Gui, and M. D. Fox, in a paper entitled "Dis-
tance regularized level set evolution and its application
to image segmentation", published in IEEE Trans. Image
Process., vol. 19, no. 12, pp. 3243- 3254, Dec. 2010.
[0048] Optionally, to further improve the contour de-
tection, a smoothing step is performed. Many type of
smoothing tools may be used including applying variety
of low pass filters. In an exemplary embodiment of the
invention, edge-preserving anisotropic diffusion smooth-
ing is performed.
[0049] In exemplary embodiment of the invention, an
initial contour guess is used. The initial contour may be
rough contour defined by markers added to one of the
images by a radiologist. Alternatively, automatic edge
filters may be used. Additionally or alternatively, lesion
segmentation algorithms may be used based on intensity
and/or texture features clustering by well-known K-
means or Mean-shift algorithms or by Expectation-Max-
imization fitting of a Gaussian mixture-models. Segmen-
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tation algorithms based on Fully Convolutional neural
networks may be used as well.
[0050] As used herein the term "contour" is a 1D curve
or a 2D non-planar surface representing the boundary of
the tumor in a 2D image or a 3D image respectively. The
contour may include margins due to the diffusion of the
contrast materials.
[0051] In exemplary embodiment of the invention, the
contour used for segmentation is the contour generated
from the image slice where the largest cross section of
the tumor exist.
Alternatively, the contours used for segmentation com-
prises contours from a plurality of slices. Yet another op-
tion, is to have contours generated from slicing, e.g.
cross-sectioning, the tumor from different directions. In
yet another exemplary embodiment, the contour is a 2D
non-planar surface representing the boundary of the 3D
tumor. In this case, the segments used in the calculations
are 2D surface patches.
[0052] Step 140 is dividing the contours detected in
the previous steps into segments. The segments that are
related to different images in the sequence of images are
matched to each other so any segment that is defined in
the first post contrast image has a matching segments
in every post contrast images.
[0053] The motivation to divide the contour to seg-
ments lies in the fact that estimating a displacement ver-
sus time of a single point (or single pixel/voxel) in the
contour is very noisy and trying to estimate a displace-
ment versus time of the full contour is a highly complex
task since not all portions of the tumor exhibit the same
displacement. In an exemplary embodiment of the inven-
tion the tumor contour is split into 500 segments. Alter-
natively, the number of segments the tumor contour is
split to is in the range of 10 to 10,000. Preferably, each
minimal segment contains at least 2 pixels in each direc-
tion.
[0054] Step 150 is calculating a displacement of each
segment in all post contrast times in which images were
taken. The displacement is calculated between two seg-
ments.
In an exemplary embodiment of the invention the seg-
ments are 1D planar curves. Alternatively, the segments
are 2D surfaces patches.
There are many possible ways to calculate the distance
or displacement between two curves or surfaces. In an
exemplary embodiment of the invention, the displace-
ment between the segments is calculated by the
Hausdorff distance. The Hausdorff distance is the longest
distance of all of the distances from a point in one seg-
ment to the closest point in the other segment. Alterna-
tively, other distance measures such as averaging the
distance to the closest point for all points in the earliest
in time segment may be used.
[0055] Reference is now made to Figure 2. Figure 2
illustrates the principal of the segmenting, for contours
detected in three post-contrast images. The figure illus-
trates three contours (for clarity only a partial view of the

full contours is illustrated); contour 210 is the tumor con-
tour in the first post contrast image, contour 220 is the
tumor contour in the second post contrast image, and
contour 230 is the tumor contour in the third post contrast
image. Point p 212 on contour 210 is a selected point on
the contour that seeds the segmentation process. The
segment on the first post contrast image is defined by
the two end points S1- and S1+ that are located at equal
distance d/2 around point p 212. The matched segment
224 on the second post contrast image is defined to be
between points S2- and S2+ that are set to be the closest
points on contour 220 to points S1- and S1+ or alterna-
tively the cross points of the perpendicular lines from
points S1- and S1+ to contour 220. Similarly, points S3-
and S3+ are set based on points S2- and S2+ to define
contour 230.
Reference is now made back to Figure 1. Step 160 refers
to fitting the previously calculated displacements to an
interstitial fluid flow model, and extracting for each seg-
ment, an estimation of the interstitial fluid velocity of the
solid tumor.
[0056] Several models may be used. An exemplary
model for the interstitial fluid velocity assumes that there
is no interstitial fluid convection between the central tu-
mor region and the tumor contour. At the tumor boundary,
interstitial fluid flow velocity is maximum (v=vo) and the
interstitial fluid flow velocity declines linearly from the tu-
mor surface into the surrounding normal tissue as a func-
tion of the distance from the tumor contour.
[0057] The velocity is described by the linear formula:
v(S) = vo - bS, and the displacement versus time function
due to this model is described by: S(t) = So

∗(1 - e-bt) where
b is a model attenuation coefficient and So is the maxi-
mum displacement the contrast material can flow out-
wards from the tumor.
[0058] Reference is now made to Figure 3. Figure 3
illustrates fitting of the displacement measurements to
the flow model. Point 300 at time 0 refers to the first post-
contrast image.
[0059] The second point 310 refers to the second post-
contrast image. As can be seen in the illustration, the
image was taken 90 second after the first post-contrast
image, and the displacement of the illustrated segment
was about 0.55 mm.
[0060] Points 320 and 330 refer to the displacement
calculation of the third and fourth post-contrast images
respectively. Dashed line 350 illustrates the best fit to the
flow model equation.
[0061] Many fitting methods may be used. In an exem-
plary embodiment of the invention, a non-linear least
squares regression analysis is used. The interstitial fluid
flow velocity on the tumor perimeter, vo, is extracted from
this fit.
[0062] In case the data points do not fit the model well,
the measurements taken from such non-fitting segments
may be omitted. In an exemplary embodiment of the in-
vention, only segments with fitting values of R2 > 0.7 are
considered for further analysis.
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[0063] Reference is now made back to Figure 1. Step
170 refers to calculating and reporting a characterization
of the solid tumor comprises a direct assessment for at
least the following measures: (a) the tumor and peri-tu-
mor interstitial fluid velocity, (b) the attenuation coefficient
of the interstitial fluid flow model (c) any combination or
distribution of these measures or other parameters that
are related to a flow model in general.
[0064] The above mentioned measures indirectly pro-
vide an assessment for the following indications: (a) the
tumor interstitial fluid pressure, (b) the tumor drug deliv-
ery efficiency as a predictive factor or as an indication
for a targeted intervention (c) the tumor prognostic or
metastasis risk factor.
[0065] In an exemplary embodiment of the invention,
the reporting step includes outputting a colored graphical
map that indicates the interstitial fluid velocity on the con-
tour of the tumor.
[0066] In an exemplary embodiment of the invention,
preceding step 130, a radiologist roughly marks the tumor
contour by indicating markers on one or more images
taken by the medical imager. The markers can be made
on any image taken at any time and on any slice or cross
section. Typically the markers are made on a central larg-
est slice in which the tumor seems clearly differentiated
from the healthy surrounding tissue.
[0067] In an exemplary embodiment of the invention,
the time difference elapsing between recordation of each
image is constant. For example, the time difference be-
tween images may be 90 seconds. Alternatively, the time
difference between images may be in the range of 1 sec-
ond to 5 minutes.
[0068] Alternatively, time difference between images
may vary. For example, the time difference in the first
images in the sequence may be shorter than the time
difference for the last images in the sequence.
[0069] In an exemplary embodiment of the invention,
the pixels or voxels around the segment are arranged as
a spatial-temporal data vector. The data vector is provid-
ed to an artificial neural network that is pre-trained to
provide an estimation of the interstitial fluid velocity of
the segment.
[0070] Additionally or alternatively, the artificial neural
network may be pre-trained to provide an estimation for
the interstitial fluid pressure, the tumor drug delivery ef-
ficiency, or the tumor metastasis risk factor or any other
biomarker
[0071] In an exemplary embodiment of the invention,
the artificial neural network is trained by the data provided
by the fitting model analysis. Additionally or optionally,
the artificial neural network is trained by data validated
offline.
[0072] In an exemplary embodiment of the invention,
the artificial neural network estimation is used whenever
the fitting does not fit the model well. Alternatively, an
artificial neural network estimation may be used in all
segments.
[0073] Yet in another embodiment the characterization

is performed using both the data fitting the model, and
the artificial neural network.
[0074] The instant invention is thus useful to asses and
characterize the tumor interstitial fluid pressure, or the
peri tumoral interstitial fluid velocity, of solid tumors
present in mammalian tissues. These characterizations
aid the physician in determining the ideal treatment plan
for the specific patient. The invention is not dependent
on the imaging acquisition protocol, and thus is applica-
ble as a routine diagnostic tool, useful in any medical
setting, in contrast to prior art methods. The invention is
automated, and does not require significant added effort
from medical personnel or from the patient. The method
is non-invasive, and as it uses standard images, does
not require extraneous cost or effort from the patient or
from the HMO provider.
[0075] Reference is now made to Figure 4. Figure 4
illustrates an exemplary block diagram of a computing
system for automated characterization of solid tumors
which may be used in accordance with an illustrative im-
plementation of the current invention.
[0076] Computing system 400 includes a bus 405 or
other communication component for communicating in-
formation and one or more processors 410 or processing
circuits coupled to bus 405 for processing information.
Computing system 400 also includes main memory 415,
such as a random access memory (RAM) or other dy-
namic storage device, coupled to bus 405 for storing in-
formation, and instructions to be executed by processor
410. Main memory 415 may also be used for storing po-
sition information, temporary variables, or other interme-
diate information during execution of instructions by proc-
essor 410. Computing system 400 may further include a
read-only memory (ROM) 420 or other static storage de-
vice coupled to bus 405 and configured to store static
information and instructions for processor 410. A storage
device 425, such as a solid state device, magnetic disk
or optical disk, is coupled to bus 405 for persistently stor-
ing information and instructions.
[0077] Computing system 400 further includes an in-
terface 450. Interface 450 is configured to acquire data
from a medical imaging device 550. The acquired data
(e.g. images) may be stored in main memory 415 and/or
storage device 425 and processed by processor 410 in
accordance to the methods described hereinabove.
[0078] Medical imaging device 550 may be a magnetic
resonance imager (MRI). Alternatively, medical imaging
device 550 may be an X-ray tomography imager.
[0079] In an exemplary embodiment of the invention,
medical imaging device 550 is Positron emission tomog-
raphy (PET), alternatively, medical imaging device 550
is Single-Photon Emission Computed Tomography
(SPECT) or Ultrasound imager.
[0080] In an exemplary embodiment of the invention,
medical imaging device 550 fuses several imaging tech-
nics, as mentioned above, to provide combined imaging
data.
[0081] Computing system 400 may be coupled via bus
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405 to an output device 435, output device 435 may be
a display, such as a liquid crystal display, or active matrix
display, for reporting the tumor assessments and display-
ing additional information to a user. An input device 430,
such as a keyboard, may be coupled to bus 405 and
configured to communicate information and command
selections to processor 410. In another implementation,
input device 430 may include a touch screen display, a
cursor control, such as a mouse, a trackball, or cursor
direction keys, and the like.
[0082] Computing system 400 may be coupled via bus
405 to one or more communication device 440, such as
Ethernet, Wi-Fi, GSM or NFC communication device, for
communication with additional devices and with a net-
work, e.g. the Internet. Computing system 400 may use
computing services, storage services or other services
from the network.
[0083] According to various implementations, the proc-
esses described herein may be implemented by comput-
ing system 400 in response to the processor 410 exe-
cuting an arrangement of instructions contained in main
memory 415. Such instructions may be read into main
memory 415 from another computer-readable medium,
such as the storage device 425. Execution of the arrange-
ment of instructions contained in main memory 415 caus-
es computing system 400 to perform the illustrative proc-
esses described herein. One or more processors in a
multi-processing arrangement may also be employed to
execute the instructions contained in main memory 415.
In alternative implementations, image processing accel-
erators and hard-wired circuitry may be used in place of
or in combination with software instructions to effect il-
lustrative implementations. Thus, implementations are
not limited to any specific combination of hardware cir-
cuitry and software.
[0084] Although an example computing system has
been described in Figure 4, implementations described
in this specification may be implemented in other types
of digital electronic circuitry, or in computer software,
firmware, or hardware. The computing system may be
implemented on a server or on a plurality of identical serv-
ers, i.e., server farm and can be partially or entirely as a
web service on the cloud.

EXAMPLE

[0085] A retrospective dataset of 12 breast cancer pa-
tients who underwent neoadjuvant therapy was utilized.
These patients were subjected to Dynamic Contrast-en-
hanced (DCE)-MRI pre-treatment. MR images were ac-
quired with a 1.5-T (Signa Excite HDX, GE Healthcare)
device with a dedicated double breast coil (eight chan-
nels) and a standard dynamic bilateral breast MRI pro-
tocol. Dynamic contrast-enhanced T1-weighted images
were acquired using a 3D axial vibrant multiphase with
the following parameters: repetition time (TR)/echo time
(TE) = 5.4/2.6; flip angle, 15; bandwidth, 83.3 kHz; matrix,
5123512; FOV = 340 mm; section thickness, 2 mm; no

intersection gap. Subsequently, a bolus of contrast ma-
terial (Dotarem® -gadoterate meglumine) was adminis-
tered using an automated injector at 2 ml/sec, followed
by a 20-ml saline flush at the same injection rate. The
dose was adjusted to 0.1 ml/kg of body weight. Thereaf-
ter, five contrast-enhanced axial vibrant multiphase se-
ries were acquired. Time resolution between the images
was 1.5 min. Finally, axial and sagittal fast spin-echo T2-
weighted images with water suppression (TR/TE,
6000/80; slice thickness, 3 mm; matrix, 2563256; repe-
titions, 2; FOV, 16 cm) and sagittal T2-weighted sequenc-
es with fat suppression (3000/156; inversion time, 180
ms; echo-train length 16; slice thickness, 4 mm; matrix,
2563192; repetition, 1; FOV, 20 cm) were obtained sep-
arately for each breast. The central large slice of each
tumor was digitally marked on the second subtraction by
a breast radiologist. This contour served to initialize the
automated segmentation algorithm.
[0086] It is expected that during the life of a patent ma-
turing from this application many relevant processing will
be developed.
[0087] As used herein the term "about" refers to 6 10
%.
[0088] The terms "comprises", "comprising", "in-
cludes", "including", "having" and their conjugates mean
"including but not limited to".
[0089] The term "consisting of means "including and
limited to".
[0090] The term "consisting essentially of" means that
the composition, method or structure may include addi-
tional ingredients, steps and/or parts, but only if the ad-
ditional ingredients, steps and/or parts do not materially
alter the basic and novel characteristics of the claimed
composition, method or structure.
[0091] As used herein, the singular form "a", "an" and
"the" include plural references unless the context clearly
dictates otherwise. For example, the term "a compound"
or "at least one compound" may include a plurality of
compounds, including mixtures thereof.
[0092] Throughout this application, various embodi-
ments of this invention may be presented in a range for-
mat. It should be understood that the description in range
format is merely for convenience and brevity and should
not be construed as an inflexible limitation on the scope
of the invention. Accordingly, the description of a range
should be considered to have specifically disclosed all
the possible subranges as well as individual numerical
values within that range. For example, description of a
range such as from 1 to 6 should be considered to have
specifically disclosed subranges such as from 1 to 3, from
1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6
etc., as well as individual numbers within that range, for
example, 1, 2, 3, 4, 5, and 6. This applies regardless of
the breadth of the range.
[0093] Whenever a numerical range is indicated here-
in, it is meant to include any cited numeral (fractional or
integral) within the indicated range. The phrases "rang-
ing/ranges between" a first indicate number and a second
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indicate number and "ranging/ranges from" a first indi-
cate number "to" a second indicate number are used
herein interchangeably and are meant to include the first
and second indicated numbers and all the fractional and
integral numerals therebetween.
[0094] As used herein the term "method" refers to man-
ners, means, techniques and procedures for accomplish-
ing a given task including, but not limited to, those man-
ners, means, techniques and procedures either known
to, or readily developed from known manners, means,
techniques and procedures by practitioners of the chem-
ical, pharmacological, biological, biochemical and med-
ical arts.
[0095] As used herein, the term "treating" includes ab-
rogating, substantially inhibiting, slowing or reversing the
progression of a condition, substantially ameliorating
clinical or aesthetical symptoms of a condition or sub-
stantially preventing the appearance of clinical or aes-
thetical symptoms of a condition.
[0096] It is appreciated that certain features of the in-
vention, which are, for clarity, described in the context of
separate embodiments, may also be provided in combi-
nation in a single embodiment. Conversely, various fea-
tures of the invention, which are, for brevity, described
in the context of a single embodiment, may also be pro-
vided separately or in any suitable subcombination or as
suitable in any other described embodiment of the inven-
tion. Certain features described in the context of various
embodiments are not to be considered essential features
of those embodiments, unless the embodiment is inop-
erative without those elements.
[0097] Various embodiments and aspects of the
present invention as delineated hereinabove and as
claimed in the claims section below find experimental
support in the hereinabove example.
[0098] Although the invention has been described in
conjunction with specific embodiments thereof, it is evi-
dent that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly,
it is intended to embrace all such alternatives, modifica-
tions and variations that fall within the spirit and broad
scope of the appended claims.
[0099] All publications, patents and patent applications
mentioned in this specification are herein incorporated
in their entirety by into the specification, to the same ex-
tent as if each individual publication, patent or patent ap-
plication was specifically and individually indicated to be
incorporated herein by reference. In addition, citation or
identification of any reference in this application shall not
be construed as an admission that such reference is
available as prior art to the present invention. To the ex-
tent that section headings are used, they should not be
construed as necessarily limiting.

Claims

1. A computer-implemented method for automated

characterization of solid tumors in mammalian tis-
sue, using medical imaging, the method comprising:

(a) acquiring a sequence of images of mamma-
lian tissue, captured with a medical imager using
a Dynamic Contrast Enhanced (DCE) imaging
protocol;
(b) performing image registration of the se-
quence of images to align the sequence of im-
ages and compensate for at least one of the fol-
lowing: patient movements, respiration move-
ment, and gravity effects;
(c) if a solid tumor is present, detecting a contour
of said solid tumor in each one of said post-con-
trast images, among said sequence of images;
(d) dividing said contours to segments, and
matching segments that are related to different
images, in the sequence of images;
(e) calculating a displacement of the contrast
material of the DCE protocol between each of
said matched segments;
(f) fitting said displacements to a fluid flow mod-
el, and extracting for each segment, an estima-
tion of the interstitial fluid velocity;
(g) conditioned upon one or more of said esti-
mations of said interstitial fluid velocity of said
segments, calculating and reporting a charac-
terization of the solid tumor, wherein said char-
acterization comprises an assessment for at
least one of or any combination of:

• the tumor or peri-tumor interstitial fluid ve-
locity,
• the tumor interstitial fluid pressure,
• the tumor drug delivery efficiency, or
• the tumor prognostic or metastasis risk.

2. The method of claim 1, wherein step (f) further com-
prises extracting, for each segment, an estimation
of an attenuation coefficient of the interstitial fluid
flow model.

3. The method of claim 1, wherein step (c) comprises
an initial contour guess, either manually marked by
a radiologist, or automatically detected by at least
one of or any combination of the following algorithms:
(1) K-means, (2) Mean-shift, (3) Expectation-Maxi-
mization fitting, and (4) edge detection.

4. The method of claim 1, wherein step (c) further com-
prises smoothing the contour.

5. The method of claim 1, wherein calculating the dis-
placement in step (e) is based on the Hausdorff dis-
tance between segments.

6. The method of claim 1, wherein fitting said displace-
ments to a fluid flow model in step (f) is performed
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using a non-linear least squares regression analysis.

7. The method of claim 1, wherein said method further
comprises preparing a spatial-temporal data vector
of the segment, inputting said spatial-temporal data
vector into an artificial neural network that is pre-
trained to provide an estimation of the interstitial fluid
velocity of the segment; and wherein this is per-
formed either in said steps (e) and (f) or as a replace-
ment of said steps (e) and (f).

8. The method of claim 1, wherein the method further
comprises providing maps of interstitial fluid veloci-
ties at the contour of said solid tumor.

9. The method of claim 1, wherein said medical imager
is at least one of or any combination of: (a) X-ray
tomography imager, (b) magnetic resonance imager
(MRI), (c) Positron emission tomography (PET), (d)
Single-photon emission computed tomography
(SPECT), and (e) an ultrasound imager.

10. The method of claim 1, wherein said segments in
step (d) are extracted from a single image slice,
wherein the tumor is seen largest in this slice.

11. The method of claim 1, whereinsaid segments in step
(d) are extracted from a plurality of image slices.

12. The method of claim 1, wherein said segments in
step (d) are two-dimensional (2D) surfaces patches
extracted from the images.

13. A computing system for automated characterization
of solid tumors, the computing system comprising:

i. an interface, wherein the interface is config-
ured to acquire data from medical imaging de-
vices;
ii. one or more processors, wherein the proces-
sors are configured to perform the following:

(a) acquire a sequence of images from a
medical imager using a Dynamic Contrast
Enhanced (DCE) imaging protocol;
(b) perform image registration of the se-
quence of images to align the sequence of
images and compensate for at least one of
the following: patient movements, respira-
tion movement, and gravity effects;
(c) if a solid tumor is present, detect a con-
tour of said solid tumor in each one of said
post contrast images, among said se-
quence of images;
(d) divide said contours to segments, and
match segments that are related to different
images, in the sequence of images;
(e) calculate a displacement of the contrast

material of the DCE protocol between each
of said matched segments;
(f) fit said displacements to a fluid flow mod-
el, and extract for each segment, an esti-
mation of the interstitial fluid velocity;
(g) conditioned upon one or more of said
estimations of said interstitial fluid velocity
of said segments, calculate and report a
characterization of the solid tumor, wherein
said characterization comprises an assess-
ment for at least one of or any combination
of:

• the tumor or peri-tumor interstitial fluid
velocity,
• the tumor interstitial fluid pressure,
• the tumor drug delivery efficiency, or
• the tumor prognostic or metastasis
risk; and

iii. an outputting device that reports the charac-
terization of said solid tumor.

14. The computing system of claim 13, wherein the ac-
quired data is data from at least one of or any com-
bination of: (a) X-ray tomography imager, (b) mag-
netic resonance imager (MRI), (c) Positron emission
tomography (PET), (d) Single-photon emission com-
puted tomography (SPECT), and (e) Ultrasound im-
ager.

15. A non-transitory computer readable medium storing
a program causing a computer to execute the meth-
od of characterization of solid tumors of claim 1.

Patentansprüche

1. Computer-implementiertes Verfahren zur automati-
sierten Charakterisierung von soliden Tumoren in
Säugetiergewebe unter Verwendung von medizini-
scher Bildgebung, wobei das Verfahren umfasst:

(a) Erfassen einer Sequenz von Bildern von
Säugetiergewebe, aufgenommen mit einem
medizinischen Bildgeber unter Verwendung ei-
nes Dynamic Contrast Enhanced (DCE)-Bildge-
bungsprotokolls;
(b) Durchführen einer Bildregistrierung der Se-
quenz von Bildern zum Ausrichten der Sequenz
von Bildern und Kompensieren wenigstens ei-
nes der Folgenden: Patientenbewegungen, At-
mungsbewegungen und Schwerkrafteffekte;
(c) wenn ein solider Tumor vorhanden ist, De-
tektieren einer Kontur des soliden Tumors in je-
dem von den Postkontrastbildern aus der Se-
quenz von Bildern;
(d) Teilen der Konturen zu Segmenten und Ab-
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stimmen von Segmenten, die sich auf verschie-
dene Bilder beziehen, in der Sequenz von Bil-
dern;
(e) Berechnen einer Verlagerung des Kontrast-
materials des DCE-Protokolls zwischen jedem
von den abgestimmten Segmenten;
(f) Fitten der Verlagerungen an ein Fluidfluss-
modell und Extrahieren, für jedes Segment, ei-
ner Abschätzung der Interstitialfluidgeschwin-
digkeit;
(g) konditioniert auf eine oder mehr von den Ab-
schätzungen der Interstitialfluidgeschwindigkeit
der Segmente, Berechnen und Berichten einer
Charakterisierung des soliden Tumors, wobei
die Charakterisierung eine Einschätzung für we-
nigstens eines oder irgendeine Kombination von
Folgenden umfasst:

• die Interstitialfluidgeschwindigkeit des Tu-
mors oder Peritumors,
• der Interstitialfluiddruck des Tumors,
• die Verabreichungseffizienz eines Tumor-
medikaments, oder
• das Tumorprognose- oder Metastasenri-
siko.

2. Verfahren nach Anspruch 1, wobei der Schritt (f) fer-
ner ein Extrahieren, für jedes Segment, einer Ab-
schätzung eines Abschwächungskoeffizienten des
Interstitialfluidflussmodells umfasst.

3. Verfahren nach Anspruch 1, wobei der Schritt (c)
eine anfängliche Konturvermutung umfasst, entwe-
der manuell markiert durch einen Radiologen oder
automatisch detektiert durch wenigstens einen oder
irgendeine Kombination der folgenden Algorithmen:
(1) K-Mittel, (2) Mittelwertverschiebung, (3) Erwar-
tungs-Maximierungs-Fit, und (4) Kantendetektion.

4. Verfahren nach Anspruch 1, wobei der Schritt (c)
ferner ein Glätten der Kontur umfasst.

5. Verfahren nach Anspruch 1, wobei das Berechnen
der Verlagerung im Schritt (e) auf der Hausdorff-Dis-
tanz zwischen Segmenten basiert.

6. Verfahren nach Anspruch 1, wobei das Fitten der
Verlagerungen an ein Fluidflussmodell im Schritt (f)
durchgeführt wird unter Verwendung einer nichtline-
aren Regressionsanalyse der kleinsten Quadrate.

7. Verfahren nach Anspruch 1, wobei das Verfahren
ferner ein Erzeugen eines Raum-Zeit-Datenvektors
des Segments umfasst, ein Eingeben des Raum-
Zeit-Datenvektors in ein künstliches neuronales
Netzwerk, das vorab darauf trainiert ist, eine Ab-
schätzung der Interstitialfluidgeschwindigkeit des
Segments zu liefern; und wobei dies entweder in den

Schritten (e) und (f) durchgeführt wird, oder als ein
Ersatz der Schritte (e) und (f).

8. Verfahren nach Anspruch 1, wobei das Verfahren
ferner ein Bereitstellen von Karten von Interstitialflu-
idgeschwindigkeiten an der Kontur des soliden Tu-
mors umfasst.

9. Verfahren nach Anspruch 1, wobei der medizinische
Bildgeber wenigstens eines oder irgendeine Kombi-
nation von Folgenden ist: (a) ein Röntgentomogra-
phiebildgeber, (b) ein Magnetresonanzbildgeber
(MRI), (c) Positronenemissionstomographie (PET),
(d) Einphotonenemissionscomputertomographie
(SPECT), und (e) ein Ultraschallbildgeber.

10. Verfahren nach Anspruch 1, wobei die Segmente im
Schritt (d) von einer einzigen Bildscheibe extrahiert
werden, wobei der Tumor in dieser Scheibe am
größten gesehen wird.

11. Verfahren nach Anspruch 1, wobei die Segmente im
Schritt (d) von einer Mehrzahl von Bildscheiben ex-
trahiert werden.

12. Verfahren nach Anspruch 1, wobei die Segmente im
Schritt (d) zweidimensionale (2D) Oberflächenfle-
cken sind, die von den Bildern extrahiert werden.

13. Rechensystem zur automatisierten Charakterisie-
rung von soliden Tumoren, wobei das Rechensys-
tem umfasst:

i. eine Schnittstelle, wobei die Schnittstelle dazu
konfiguriert ist, Daten von medizinischen Bild-
gebungsvorrichtungen zu erfassen;
ii. einen oder mehr Prozessoren, wobei die Pro-
zessoren dazu konfiguriert sind, Folgendes aus-
zuführen:

(a) Erfassen einer Sequenz von Bildern von
einem medizinischen Bildgeber unter Ver-
wendung eines Dynamic Contrast Enhan-
ced (DCE)-Bildgebungsprotokolls;
(b) Durchführen einer Bildregistrierung der
Sequenz von Bildern zum Ausrichten der
Sequenz von Bildern und Kompensieren
wenigstens eines der Folgenden: Patien-
tenbewegungen, Atmungsbewegungen
und Schwerkrafteffekte;
(c) wenn ein solider Tumor vorhanden ist,
Detektieren einer Kontur des soliden Tu-
mors in jedem von den Postkontrastbildern
aus der Sequenz von Bildern;
(d) Teilen der Konturen zu Segmenten und
Abstimmen von Segmenten, die sich auf
verschiedene Bilder beziehen, in der Se-
quenz von Bildern;
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(e) Berechnen einer Verlagerung des Kon-
trastmaterials des DCE-Protokolls zwi-
schen jedem von den abgestimmten Seg-
menten;
(f) Fitten der Verlagerungen an ein Fluid-
flussmodell und Extrahieren, für jedes Seg-
ment, einer Abschätzung der Interstitialflu-
idgeschwindigkeit;
(g) konditioniert auf eine oder mehr von den
Abschätzungen der Interstitialfluidge-
schwindigkeit der Segmente, Berechnen
und Berichten einer Charakterisierung des
soliden Tumors, wobei die Charakterisie-
rung eine Einschätzung für wenigstens ei-
nes oder irgendeine Kombination von Fol-
genden umfasst:

• die Interstitialfluidgeschwindigkeit
des Tumors oder Peritumors,
• der Interstitialfluiddruck des Tumors,
• die Verabreichungseffizienz eines Tu-
mormedikaments, oder
• das Tumorprognose- oder Metasta-
senrisiko; und

iii. eine Ausgabevorrichtung, die die Charakte-
risierung des soliden Tumors berichtet.

14. Rechensystem nach Anspruch 13, wobei die erfass-
ten Daten Daten von wenigstens einem oder ir-
gendeiner Kombination von Folgenden sind: (a) ein
Röntgentomographiebildgeber, (b) ein Magnetreso-
nanzbildgeber (MRI), (c) Positronenemissionstomo-
graphie (PET), (d) Einphotonenemissionscomputer-
tomographie (SPECT), und (e) ein Ultraschallbild-
geber.

15. Nichtflüchtiges computerlesbares Medium, auf dem
ein Programm gespeichert ist, das einen Computer
dazu veranlasst, das Verfahren zur Charakterisie-
rung von soliden Tumoren nach Anspruch 1 auszu-
führen.

Revendications

1. Procédé mis en oeuvre par ordinateur pour la carac-
térisation automatisée de tumeurs solides dans les
tissus de mammifères, en utilisant l’imagerie médi-
cale, le procédé comprenant:

(a) l’acquisition d’une séquence d’images de tis-
sus de mammifères, capturées avec un imageur
médical utilisant un protocole d’imagerie à con-
traste dynamique amélioré (DCE);
(b) l’enregistrement de la séquence d’images
pour aligner la séquence d’images et compen-
ser au moins un des éléments suivants: les mou-

vements du patient, le mouvement de la respi-
ration et les effets de la gravité;
(c) si une tumeur solide est présente, la détec-
tion d’un contour de ladite tumeur solide dans
chacune desdites images post-contraste, parmi
ladite séquence d’images;
(d) la division desdits contours en segments, et
la mise en correspondance des segments qui
sont liés à différentes images, dans la séquence
d’images;
(e) le calcul d’un déplacement de l’agent de con-
traste du protocole DCE entre chacun desdits
segments appariés;
(f) l’ajustement desdits déplacements à un mo-
dèle d’écoulement de fluide, et l’extraction pour
chaque segment, d’une estimation de la vitesse
interstitielle du fluide;
(g) en fonction d’une ou plusieurs desdites es-
timations de ladite vitesse du fluide interstitiel
desdits segments, le calcul et le rapport d’une
caractérisation de la tumeur solide, dans laquel-
le ladite caractérisation comprend une évalua-
tion pour au moins l’un des éléments suivants
ou une combinaison de ceux-ci:

- la vitesse du fluide interstitiel de la tumeur
ou de la péri-tumorale,
- la pression du liquide interstitiel de la tu-
meur,
- l’efficacité de l’administration du médica-
ment contre la tumeur, ou
- le pronostic tumoral ou le risque de mé-
tastases.

2. Procédé selon la revendication 1, dans lequel l’étape
(f) comprend en outre l’extraction, pour chaque seg-
ment, d’une estimation d’un coefficient d’atténuation
du modèle d’écoulement du fluide interstitiel.

3. Procédé selon la revendication 1, dans lequel l’étape
(c) comprend une estimation du contour initial, soit
marqué manuellement par un radiologue, soit détec-
té automatiquement par au moins un des algorith-
mes suivants ou une combinaison de ceux-ci: (1)
Moyenne K, (2) Décalage moyen, (3) Ajustement at-
tente-maximisation, et (4) Détection de contour.

4. Procédé selon la revendication 1, dans lequel l’étape
(c) comprend en outre le lissage du contour.

5. Procédé selon la revendication 1, dans lequel le cal-
cul du déplacement à l’étape (e) est fondé sur la
distance de Hausdorff entre les segments.

6. Procédé selon la revendication 1, dans lequel l’ajus-
tement desdits déplacements à un modèle d’écou-
lement de fluide à l’étape (f) est effectué en utilisant
une analyse de régression non linéaire par les moin-
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dres carrés.

7. Procédé selon la revendication 1, dans lequel ledit
procédé comprend en outre la préparation d’un vec-
teur de données spatio-temporelles du segment,
l’entrée dudit vecteur de données spatio-temporelles
dans un réseau neuronal artificiel qui est préformé
pour fournir une estimation de la vitesse interstitielle
du fluide du segment ; et dans lequel ceci est effec-
tué soit dans lesdites étapes (e) et (f), soit en rem-
placement desdites étapes (e) et (f).

8. Procédé selon la revendication 1, dans lequel le pro-
cédé comprend en outre la fourniture de cartes des
vitesses du fluide interstitiel au niveau du contour de
ladite tumeur solide.

9. Procédé selon la revendication 1, dans lequel ledit
imageur médical est au moins l’un des éléments sui-
vants ou toute combinaison de ceux-ci: (a) un ima-
geur par tomographie à rayons X, (b) un imageur à
résonance magnétique (IRM), (c) une tomographie
par émission de positrons (TEP), (d) une tomogra-
phie informatisée à émission monophotonique
(TEMP), et (e) un imageur à ultrasons.

10. Procédé selon la revendication 1, dans lequel lesdits
segments de l’étape (d) sont extraits d’une seule
tranche d’image, dans laquelle la tumeur est vue en
plus grand dans cette tranche.

11. Procédé selon la revendication 1, dans lequel lesdits
segments de l’étape (d) sont extraits d’une pluralité
de tranches d’image.

12. Procédé selon la revendication 1, dans lequel lesdits
segments de l’étape (d) sont des taches de surface
bidimensionnelles (2D) extraites des images.

13. Système de calcul pour la caractérisation automati-
sée de tumeurs solides, le système de calcul com-
prenant:

i. une interface, dans laquelle l’interface est con-
figurée pour acquérir des données provenant
d’appareils d’imagerie médicale ;
ii. un ou plusieurs processeurs, dans lequel les
processeurs sont configurés pour effectuer ce
qui suit :

(a) acquérir une séquence d’images à partir
d’un imageur médical en utilisant un proto-
cole d’imagerie à contraste dynamique
amélioré (DCE);
(b) effectuer l’enregistrement de la séquen-
ce d’images pour aligner la séquence d’ima-
ges et compenser au moins un des élé-
ments suivants: mouvements du patient,

mouvement de la respiration et effets de la
gravité;
(c) si une tumeur solide est présente, dé-
tecter un contour de ladite tumeur solide
dans chacune desdites images post-con-
traste, parmi ladite séquence d’images ;
(d) diviser lesdits contours en segments, et
faire correspondre les segments qui sont
liés à différentes images, dans la séquence
d’images ;
(e) calculer un déplacement de l’agent de
contraste du protocole DCE entre chacun
des segments correspondants;
(f) ajuster lesdits déplacements à un modè-
le d’écoulement de fluide, et extraire pour
chaque segment, une estimation de la vi-
tesse interstitielle du fluide;
(g) en fonction d’une ou plusieurs desdites
estimations de la vitesse du fluide interstitiel
desdits segments, calculer et rapporter une
caractérisation de la tumeur solide, dans la-
quelle ladite caractérisation comprend une
évaluation pour au moins l’un des éléments
suivants ou une combinaison de ceux-ci:

- la vitesse du fluide interstitiel de la tu-
meur ou de la péri-tumorale,
- la pression du liquide interstitiel de la
tumeur,
- l’efficacité de l’administration du mé-
dicament contre la tumeur, ou
- le pronostic de la tumeur ou le risque
de métastases

iii. un dispositif d’impression qui signale la ca-
ractérisation de ladite tumeur solide.

14. Système informatique selon la revendication 13,
dans lequel les données acquises sont des données
provenant d’au moins l’un des éléments suivants ou
de toute combinaison de ceux-ci: (a) imageur par
tomographie à rayons X, (b) imageur par résonance
magnétique (IRM), (c) tomographie par émission de
positrons (TEP), (d) tomographie informatisée à
émission monophotonique (TEMP), et (e) imageur
à ultrasons.

15. Support non transitoire lisible par ordinateur stoc-
kant un programme qui permet à un ordinateur
d’exécuter le procédé de caractérisation des tu-
meurs solides selon la revendication 1.
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