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Abstract

Purpose—To assess the value of semi-automated segmentation applied to diffusion MRI for
predicting the therapeutic response of liver metastasis.

Methods—Conventional diffusion weighted magnetic resonance imaging (MRI) was performed
using b-values of 0, 150, 300 and 450 s/mm? at baseline and days 4, 11 and 39 following initiation
of a new chemotherapy regimen in a pilot study with 18 women with 37 liver metastases from
primary breast cancer. A semi-automated segmentation approach was used to identify liver
metastases. Linear regression analysis was used to assess the relationship between baseline values
of the apparent diffusion coefficient (ADC) and change in tumor size by day 39.

Results—A semi-automated segmentation scheme was critical for obtaining the most reliable
ADC measurements. A statistically significant relationship between baseline ADC values and
change in tumor size at day 39 was observed for minimally treated patients with metastatic liver
lesions measuring 2-5 cm in size (p = 0.002), but not for heavily treated patients with the same
tumor size range (p = 0.29), or for tumors of smaller or larger sizes. ROC analysis identified a
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baseline threshold ADC value of 1.33 pm?/ms as 75% sensitive and 83% specific for identifying
non-responding metastases in minimally treated patients with 2-5 cm liver lesions.

Conclusion—Quantitative imaging can substantially benefit from a semi-automated
segmentation scheme. Quantitative diffusion MRI results can be predictive of therapeutic outcome
in selected patients with liver metastases, but not for all liver metastases, and therefore should be
considered to be a restricted biomarker.
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Liver imaging; diffusion MRI; restricted biomarker; breast cancer

Introduction

Diffusion-weighted magnetic resonance imaging (DW-MRI) is sensitive to the microscopic
random motion of water molecules, which can be quantified via the apparent diffusion
coefficient (ADC) [1]. The ADC provides quantitative information regarding the cellularity
and cell membrane integrity of biologic tissue. The initial average ADC value has been
shown to predict tumor response to therapy [2,3]. For example, DW-MRI has been used to
measure therapy response during pre-clinical [4-10] and clinical studies of primary brain
cancer [11-13], colorectal cancer [14-17], osteosarcomas [18,19] and breast cancer [20-22].
Moreover, the use of non-ionizing radiation as well as the short time and ease of acquisition
permit longitudinal information to be safely collected, which are attractive features for
clinical assessments of cancer.

ADC values measured prior to initiating treatment have been shown to potentially predict
treatment response [23] and disease survival [24] in colorectal cancer patients with liver
metastases. However, measuring the ADC value of a liver lesion is technically challenging,
because diffusional motion in a liver lesion is confounded by non-rigid body visceral motion
due to respiration, cardiac motion, blood flow and motility [25,26]. These confounding
factors may be eliminated or mitigated by using advanced postprocessing methods that
improve the identification of lesion borders and the quantitative estimation and evaluation of
ADC values. Furthermore, the manual evaluation of large volumes of DW-MR images can
be a daunting challenge in a radiology clinic. Therefore, a primary aim of this study was to
develop a robust post-processing protocol for obtaining reliable results from DW-MRI of
liver metastases, by evaluating the merits of automatic and semi-automatic lesion
segmentation relative to manual segmentation.

Previous DW-MRI studies of liver metastases have evaluated patients with specific
conditions [23,24]. Patients enrolled in these studies were undergoing their first
chemotherapy treatment regimen, and had a minimum number of liver lesions. The DW-
MRI analyses were restricted to lesions in specific liver lobes and morphologic locations,
and to lesions that were greater than 1 or 1.6 cm in diameter. These criteria for patient
enrollment and for selecting liver lesions for analyses suggest that DW-MRI may only apply
as a “restricted” predictive biomarker, known as a biomarker for predicting treatment
response under restricted conditions. Therefore, another primary aim of our study was to
evaluate whether DW-MRI can serve as a robust biomarker for all patients with all sizes of
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liver metastases in all liver locations, or whether DW-MRI should be used as a restricted
biomarker for assessing liver metastases. To investigate this aim, we conducted a pilot
clinical trial in breast cancer patients with known liver metastases.

Materials and Methods

Patients

MRI

Twenty-eight women with metastatic breast cancer and liver metastases were recruited from
the breast cancer clinics of the University of Arizona Cancer Center. All patients provided
informed written consent, had a minimum of one liver metastasis measurable over 1.2 cm in
at least two dimensions, were not pregnant, at least 18 years of age and scheduled to initiate
a new chemotherapy regimen for their metastatic disease. Metastatic lesions were identified
by a radiologist using computed tomography (CT) or conventional MRI. Patients were
divided into two categories based on their prior number of chemotherapy regimens in the
metastatic setting. The minimally treated group included only those patients receiving first-
line chemotherapy or who had progressed on a single prior chemotherapy regimen for their
metastatic disease (second line). Heavily treated patients were defined as having received
two or more prior chemotherapy regimens for their metastatic disease. Prior hormonal and
adjuvant therapies were excluded for determining the number of prior chemotherapy
regimens. All patients underwent MRI examinations at baseline and again at 4, 11 and 39
days after initiating a new chemotherapy regimen. Up to three liver lesions were measured
in each patient for a total of 37 liver metastases analyzed. The protocol was approved by the
university’s institutional review board and conducted in accordance with the Health
Insurance Portability and Accountability Act.

All imaging was carried out on a 1.5 T Signa LXi Excite MRI scanner using the body
radiofrequency (RF) coil for excitation and an 8-channel phased array RF coil for reception
(General Electric Medical Systems, Waukeshaw, WI). Following a standard localization
sequence, T1-weighted and diffusion-weighted imaging of the entire liver were carried out
in the axial plane. T1-weighted imaging employed a dual-echo spoiled gradient recalled
echo (SPGR) during breath-hold and was acquired with TE1=2.0 ms, TE2=4.3 ms, TR=160
ms, FA=90°, BW=+62.5 kHz, FOV=38x38 cm?, slice thickness=8 mm contiguous,
matrix=256x160 and number of excitations (NEX, averages)=1 with 5 cm thick spatial
saturation bands applied immediately superior and inferior to the imaging volume. A three-
dimensional fat-suppressed SPGR was also acquired using TE=1.9 ms, TR=6 ms, T1=40 ms,
FA=15°, BW=+31.2 kHz, FOV=38x38 cm?, slice thickness=6 mm, matrix=256x128 and
NEX=1.

Axial diffusion-weighted images were acquired within a 24-second breath-hold on
inspiration using a single-shot echo-planar sequence with the following parameters:
TE=91.6 ms, TR=6000 ms, BW=+125 kHz, FOV=38x38 cm?, slice thickness=6 mm
contiguous, matrix=128x128 and NEX=1. During each breath-hold, four diffusion-weighted
images were acquired, including one image with b=0 s/mm? (no diffusion weighting) and
with b=150, 300, or 450 s/mm?. Larger b-values were not used in this study to maintain
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good signal sensitivity in DW-MR images. For DW-MRI at each b-value, three images were
acquired with diffusion weighting applied along the read, phase and slice direction. The
effect of anisotropic diffusion was reduced by averaging the signal from the three orthogonal
directions of diffusion weighting.

MR images were retrospectively reviewed in a random manner by a board-certified MR
radiologist who provided bi-dimensional measurements. The reviewer was blinded to the
therapeutic response and the ADC measurements of the lesions.

Manual segmentation of liver lesions can be difficult, time consuming and error-prone due
to several reasons, including irregular and/or indistinct lesion boundaries, low signal-to-
noise ratio, wide intensity and morphological variations of the lesion, and the large number
of images that must be analyzed. Further, the lesion could also have exhibited movement
across the different b values. In order to improve the speed, accuracy and reliability of DW-
MRI analysis, a computer program for automated image analysis was developed for both
lesion segmentation and ADC estimation. Details of the methods used in this program are
presented elsewhere [27-31] and, for brevity, are only summarized here. The automated
analysis is carried out in several steps. A given lesion was spread across multiple slices. In
the algorithm initialization step, using the radiologist’s annotation of the T1-weighted
images as a guide, the analyst drew a large rectangular region of interest (ROI) on one of the
images such that the lesion was within this ROI in all the images that contained the lesion
for all the b values. Following this, a pixel that lay within the lesion region was marked as
the seed pixel. This initialization of drawing the ROI and identifying a seed pixel was
performed only once for a given set of patient images. Subsequently, the program processed
all the slices containing the lesion for each b value. For each slice, the algorithm considered
the histogram of the pixel intensities inside the ROI as a finite Gaussian mixture (FGM)
model. To account for spatial information, each region in the image was modeled as a
Markov random field (MRF) and characterized by a Gibbs distribution. Using these two
statistical models, the lesion within the ROI was segmented for each slice. The algorithm
also took into account the geometrical constraint of convexity of the lesion to improve the
accuracy of segmentation, especially when the lesion region was surrounded by regions that
had pixel intensities similar to that of the lesion. The segmented lesion in each slice was
displayed to the diffusion analyst. We have independently studied the performance of this
segmentation algorithm using the standard evaluation method of comparing the performance
of this algorithm with results from a carefully performed manual segmentation [27]. Further,
we have also independently and objectively evaluated this algorithm based on how well it
aids in the task of ADC estimation [32]. Our studies indicate that this algorithm is accurate
and reproducible both with standard [27] and task-based evaluation methods [32], and also
outperforms several commonly used segmentation techniques. However, there were a few
instances when the automated segmentation failed when there was a second lesion or
another anatomical structure near the lesion of interest. For example, the segmentation was
outside the bounding box, the segmented region had sub regions of very different intensities,
or the segmented contour had a completely irregular shape consisting of multiple
intersecting regions. Thus, to ensure an even higher segmentation success rate, the analyst
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had the option to perform minor modifications to the segmentation (known as semi-
automated segmentation), or manually segment the lesion in the particular slice (manual
segmentation). Using this method, the segmented lesion was obtained for all the b values.
The performances of these automated, semi-automated, and manual methods were compared
to evaluate the reliability and accuracy of the ADC value estimated using each of these
segmentation procedures. An analysis method was considered to be reliable when the fitting
of DW-MRI signal amplitudes produced ADC values with low variance, and produced
results that were within the range of typical physiological ADC values.

The next task was to estimate the ADC of the lesion from these segmented lesions. One
approach could be to estimate the ADC of each lesion pixel, and thus create an ADC map of
the lesion. However, the liver exhibits visceral motion across the different b values leading
to mis-registration of the images at the different b values [20]. Therefore, a pixel wise
analysis approach would result in errors that would depend on the amount and type of
motion, and the composition of the tumor. The error would be severe for tumors that are
very heterogeneous. Thus, instead of taking this approach, we computed the mean signal
intensity of the lesion at the different b values, which is relatively invariant to lesion
movement. Then the program estimated the ADC value of the lesion using a maximum-
likelihood (ML) method that accounts for the statistics of the lesion mean signal intensity.
The ML method computed the ADC value that maximizes the probability of occurrence of
the measured mean signal intensity values [28,29,31]. The performance of this ML method
has been previously investigated using independent simulation studies. In these studies, the
size, signal-to-noise-ratio (SNR) and true ADC value of the lesion was varied. Across all the
variations, it was observed that the ML method was accurate, reliable, and outperformed the
conventional linear-regression based method for ADC estimation.

Several variables that may affect the ability of the ADC to predict clinical responses were
examined. The automated segmentation and ADC estimation algorithms were used to
evaluate the choice of b-value pairs (b = 0 paired with, sequentially, b = 150, b = 300 and b
= 450 s/mm?). Fully automated, semi-automated and manual segmentation were used to
evaluate a single center slice compared to multiple slices containing the lesion of interest.
Because the edges of lesions may be affected by tissue edema, the proportion of region
considered within each segmented lesion was altered, and the ADC values obtained from
progressively smaller areas of the lesion were compared. An erosion-based algorithm
[32,33] was combined with the automated segmentation algorithm, resulting in different
ROlIs for analysis. ROIs representing 90, 80 and 65 percent of the total estimated lesion size
were used to calculate the ADC and determine if ADC values from smaller fractions of the
total ROl would better predict clinical responses. Baseline lesion size (<2cm, 2-5cm or
>5cm), baseline ADC value, and prior treatments (minimally versus heavily treated) were
independently examined as predictors of clinical response.

Statistical Analysis

We used a linear mixed-effects model to statistically compare the ADC values obtained
using the three b-value pairs (b0-b150, b0-b300, b0-b450), segmentation methods (manual,
fully automated, semi-automated), number of slices (single versus multiple), and
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progressively smaller proportions of the segmented lesion (100%, 90%, 80%, 65%). Patients
were considered a random effect while the imaging characteristics were considered fixed
effects. Reliability was defined as the patient variance divided by the total variance. Tukey’s
studentized range test was used to assess the significance of pairwise differences between
the groups adjusted for multiple comparisons. A statistically significant difference was
considered evidence for non-comparability of methods.

The change in tumor size was calculated as the ratio of the tumor size at day 39 divided by
the baseline tumor size. Tumor response was dichotomized as a responder if the reduction in
tumor size at day 39 was > 1 cm and a non-responder if the change was <1 cm. All
statistical models were adjusted for prior therapies (minimally versus heavily treated), an
established predictor of tumor responsiveness. Median time to progression was estimated
using the Kaplan-Meier estimate. The statistical significance of the difference in time to
progression was tested using the log-rank test. Linear regression analysis was used to assess
the relationship between the change in tumor size versus baseline ADC (using a robust
variance estimate due to multiple lesions within the same patient). Because the relationship
was statistically significant only for those minimally treated (i.e., there was a statistically
significant interaction), subsequent models assessed the relationship separately for those
minimally versus heavily treated. Logistic regression analysis was used to determine an
optimal cut-point to predict response for those minimally treated (with a robust variance
estimate). The receiver operating characteristic (ROC) was computed using a curve of
sensitivity versus 1-specificity across multiple cut-points of the ADC values. The ADC cut-
point was selected as the value that resulted in the greatest sum of sensitivity and specificity,
i.e. the value that maximizes Youden’s index.

Results

Patient Characteristics

Of the 28 patients that consented, 18 patients had evaluable data and ten patients were
excluded from the analysis (Table 1). One patient had inadequate MR image quality
resulting from motion-induced artifacts, five patients contained diffuse liver lesions that
could not be reliably measured, one patient had a complete response, one patient expired
prior to day 39, and two patients signed consent forms but did not enter the study. The mean
age was 52 years, with a range from 30 to 82 years. Approximately 44% of the patients were
minimally treated and 55% were heavily treated. The average lesion size was 2.32 and 3.09
cm for minimally treated patients and heavily treated patients, respectively, which were not
statistically different (p > 0.25).

MRI Results

As shown by representative MR images of a minimally treated patient, metastatic lesions
were visible as a hypointense region in the T1-weighted image and as a hyperintense region
on the corresponding DW images (Figure 1). In general, breath-holding techniques allowed
for acceptable images that were individually free from motion-related artifacts. The mean
signal intensities obtained from the lesions at different b-values were used to compute a
global ADC value (Figure 2).
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ADC values generated from three b-value pairs (b0-b150, b0—b300 and b0-b450) were
compared at all imaging time points (baseline, day 4, day 11 and day 39). The b0-b300 and
b0-b450 pairs yielded comparable ADC results, as demonstrated by the lack of statistically
significant differences in the observed values (Table 2). The standard errors associated with
the ADC values calculated from the b0-b450 pair were consistently lower compared to the
other pairs, and thus the b0-b450 pair was chosen as the most robust pair for all subsequent
analyses.

To investigate the scope of imaging results that must be analyzed for adequately assessing
the ADC values of liver lesions, we compared the results from analyzing a single imaging
slice vs. multiple slices. There was no statistical difference between analyzing multiple
slices of the lesion versus a single central slice to calculate the ADC values using
segmentation methods that were fully automated (p=0.463), fully manual (p=0.748) and
semi-automated (p=0.626; Table 3). Notably, the analyzed liver lesions were located
throughout the liver and were not restricted to specific liver regions or lobes. These results
indicated that the ADC values of liver metastases in our pilot study were adequately
homogeneous throughout the liver to allow for single-slice analyses, which improved the
efficiency of our subsequent image evaluations.

The evaluations of the fully automated, fully manual, and semi-automated segmentation
methods revealed that the three methods generated statistically comparable results (p>0.59
for all comparisons). In addition, the comparison of smaller regions of interest (ROIs),
including 90%, 80% and 65% of a lesion’s ROI volume, revealed no significant difference
in mean ADC values over any of these analyses (data not shown). This result further
substantiated that semi-automated analysis of the tumor region is not affected by potential
mis-segmentation that under-represents the tumor volume, and therefore semi-automated
segmentation is a robust process for this type of image analysis.

Lesions < 2 cm or > 5 cm were difficult to segment by all methods. In addition, the analysis
of smaller and larger legions routinely produced fittings to the DW-MRI signal amplitudes
that produced ADC values with a large variance, or produced ADC values that were not
within the range of typical physiological ADC values, and therefore were considered to be
unreliable. For comparison, lesions measuring 2-5 cm at baseline were relatively
straightforward to segment and produced reliable ADC values over the course of the
imaging protocol and were preferentially chosen for subsequent analysis. This result
indicated that the DW-MRI analysis of liver lesions should be limited to a restricted
condition of 2-5 cm lesion diameter.

Predictors of Response

The characteristics of the lesion and patient, including the baseline lesion size, baseline
ADC value, and minimal vs. extensive prior treatments, were evaluated as possible
predictors of therapy response. Notably, these characteristics were not related, because the
baseline ADC values did not correlate with the size of the metastatic lesion or number of
prior therapies (Table 4), and the lesion size and number of prior therapies were also
uncorrelated. Minimally treated patients had a longer time to progression at 26 weeks
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compared to 11 weeks for the heavily treated patients, though this was not statistically
significant due to the small sample size of this pilot study (p=0.298). Similarly, the baseline
lesion size and therapy response were not correlated.

Most importantly, there was a significant correlation between baseline ADC and change in
tumor size between baseline and day 39 for minimally treated patients (p = 0.002), with
lesions having a lower ADC value more likely to have a tumor response (Figure 3A). A
similar correlation was not observed in lesions from heavily treated patients (p = 0.29)
(Figure 3B). For patients with minimal treatment, a Receiver Operating Characteristic
(ROC) analysis identified a threshold ADC value of 1.33 pm?/ms as 75% sensitive (6 out of
8) and 83% specific (5 out of 6) for identifying non-responding metastases. Using this ADC
value as a cut-point, 79% of the lesions were correctly classified for day 39 tumor response.
Therefore, these results indicate that the DW-MRI analysis of liver metastases should be
limited to a restricted condition of only assessing minimally treated patients.

For comparison, the change in the ADC value between the baseline measurement and day 4
after initiating treatment did not show a correlation with change in tumor size. Similarly, the
changes in ADC between baseline and day 11 were also uncorrelated with a change in tumor
size. This lack of a correlation was observed for both minimally treated patients and heavily
treated patients. This lack of a correlation may be due to tumor changes that occur during
treatment, including cellular swelling, tissue edema, or vascular congestion [34,35].

Discussion

A primary aim of our study was to establish a robust post-processing protocol for obtaining
reliable results from DW-MRI of liver metastases. This reliability was evaluated by
comparing the assessments of multiple slices or a single center slice of the lesion, which
showed that a single-slice analysis was adequate. No significant difference in ADC values
was observed between the fully automated, fully manual, and semi-automated segmentation
methods. Our results agree with a previous study using manually determined and
automatically determined ROIs for evaluating ADC values, which also concluded that a
computer-generated segmentation approach can be reliable [36]. We also demonstrated that
potentially underestimating the segmented region through an automated or semi-automated
segmentation method does not significantly change the ADC value. Overall, these results
indicate that considerable time can be saved with a semi-automated, single-slice analyses.

DW-MRI results with low b-values are known to include contributions from perfusion as
well as diffusion. Our study included DW-MRI with a b-value of 0 s/mm? in our analyses to
improve image signal sensitivity, and therefore inherently included some influence from
perfusion. Indeed, the inferiority of the ADC values calculated from the b0-b150 pair may
be due to perfusion effects typically seen in the low b-value range, which is even greater in
vascular rich tissues such as the liver [37]. In addition, the higher ADC values determined
from the b0-b150 pair in our study is consistent with other studies that demonstrated
elevated ADC values obtained from DW-MRI with low b-value ranges in highly perfused
organs [26,38]. For comparison, a previous study found that a perfusion-sensitive evaluation
determined with b0-b500 s/mm? had elevated ADC values in responding and
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nonresponding metastatic liver lesions, but a perfusion-insensitive evaluation determined
with b150-b500 s/mm? did not have elevated ADC values. Yet the direction of response
was similar in both groups [26]. Therefore, our observation that baseline ADC values predict
treatment response for minimally-treated patients is not expected to change if other b-values
are used in future studies.

Another primary aim of our study was to assess the value of DW-MRI as a robust biomarker
for all liver metastases, or as a restricted biomarker for a specific subset of liver metastases.
This prospective study examined the influence of baseline lesion size when using ADC
values to predict tumor responses to therapy. Historically, baseline liver lesions with
diameters ranging between 1.0 and 14.9 cm have been used in predicting response to
therapy, and only patients undergoing their first chemotherapeutic treatment regimen have
been enrolled in these studies [23,38,39]. However, our study has demonstrated that
restricting analyses to lesions with diameters ranging between 2 and 5 cm produced more
reliable ADC values. Therefore, the ADC value from DW-MRI studies should be used as a
restricted biomarker for assessing liver lesions in this intermediate size range.

This prospective study also examined the influence of the number of prior lines of
chemotherapy on the ability of the baseline ADC value to predict tumor responses to
therapy. Similar to previous studies, our results suggest that higher baseline ADC values are
associated with poor response to chemotherapy [23,38,40], poorer clinical outcome [24] and
that lower ADC values predict chemotherapy responsiveness. Yet unlike previous studies,
our results indicate that the ADC values predict therapeutic outcome only for minimally
treated patients. We found that the baseline ADC in patients who had received more than
one prior therapy could not be reliably used for predicting treatment responses. Treatment
effects on the tumor, such as increased fibrosis and scar tissue formation, may affect the
ability of ADC values to be predictive of antitumor responses in heavily treated patients. It
is well known that heavily-treated tumors are less likely to respond to antitumor therapies
compared to less-treated or untreated tumors [41]. Therefore, the ADC value from DW-MRI
studies may only be relevant for assessing patients who are not yet treated or are minimally
treated. We are also further developing the image analysis techniques to enable more
accurate quantification of the ADC values. More recently, we have refined the ADC
estimation algorithm to more accurately account for the noise and lesion heterogeneity [41].
Overall, this pilot study provides compelling results about the role of DW-MRI as a
restricted biomarker using MRI protocols that increase signal sensitivity and reduce
potential motion artifacts for improved quality. A larger clinical study in patients with
minimally treated liver metastases is warranted to further validate DW-MRI as a robust and
predictive imaging biomarker.
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Figure 1.
Clinical MR images at baseline prior to treatment. A) A T1-weighted MR image was used to

locate the tumor (arrow). B-E) Diffusion-weighted MR images with b=0, 150, 300 and 450
s/mm2. Similar high quality images were obtained at other time points during the
longitudinal study.
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Figure 2.
Measurements of ADC values. A, B) DW-MR images of a liver lesion (highlighted with a

dashed box) at two b values. The insets show the semi-automated ROI selected for the lesion
in each image. C, D) Histograms of pixel amplitudes from the lesion ROIs showing pixel
intensities within the region of interest. The lesion ADC value was calculated to be 1.19
um2/ms +/- 0.2 um?2/ms, using equation I450= lg e PAPC with 15 = average intensity at b=0
s/mm2, 1450 = average intensity at b=450 s/mm?2. The average signal intensities were
computed at each b-value. The ADC value that maximized the probability of occurrence of
the measured average signal intensities was then determined (28).
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Figure 3.
Predictive ability of the baseline ADC value. A) The relative change in tumor size at day 39

was correlated with the baseline ADC value for minimally treated patients (n = 14 lesions, 8
patients). A fitted regression line showed a statistically significant relationship (p = 0.002).
B) The same correlation was investigated for lesions in heavily treated patients (n = 23
lesions, 10 patients). The fitted regression line showed no statistically significant
relationship (p = 0.29).
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Table 1
Patient Demographics
Characteristic
Age Mean 52 yrs; Range: 30 — 82 yrs
Minimally Treated 8 (44%)
Heavily Treated 10 (55%)

Chemotherapy Regimens
Taxane
Capecitabine

Chemotherapy Doublet

[S2 BN SN

Other Chemotherapy Agents
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Table 3

Comparison of the ADC values (in units of pm2/ms) of a Single Central Slice versus Multiple Slices (n = 5)

Fully Automated  Fully Manual  Semi-Automated

Mean (SE) Mean (SE) Mean (SE)
Single Central Slice 1.63 (0.14) 1.54 (0.13) 1.52 (0.17)
Multiple Slices 1.75 (0.14) 1.58 (0.13) 1.45 (0.17)
p-value 0.463 0.748 0.626

Magn Reson Imaging. Author manuscript; available in PMC 2016 December 01.



Page 19

Stephen et al.

Author Manuscript

72 -850 T 8r'T € 01T Alinesy
989°0 66’2880 0€'T 85T vT 8 Ajrewnurin
anfepA-d | (sw/wrl) sbuey oav | (sw/wr) velpsiy DAV | (sw/wr) uesiN OAV | suoisa jo JaquinN | siuaied jo ssquinN | payeal L

v alqel

Author Manuscript

sanjeA DAV auljaseg Jo uostiedwo)

Author Manuscript

Author Manuscript

Magn Reson Imaging. Author manuscript; available in PMC 2016 December 01.



