QIBA DWI Profile:

l. Clinical context (Michael)

a. Gain insight into microstructural and compositional changes in
tumors due to treatment via DWI and ADC mapping

Il. Claims (Michael)

a. Using in vivo water tissue mobility can be characterized by
measurement of the apparent diffusion coefficient (ADC). ADC is
determined with MRI by applying different b-values to a subject and
fitting the resulting signal intensities to an exponential decay.

b. Atisocenter, ADC measurements of an ice water phantom should
exhibit minimum bias, within 5% of the gold standard value of 1.1 x 10°°
m?/s, regardless of coil type and field strength.

c. When acquiring ADC values in solid tumors greater than 1 cm in
diameter or twice the slice thickness (whichever is greater), one can
characterize in vivo diffusion with at least a 15% test/retest coefficient
of variation, intrascanner and intrareader.

M. Profile detail/protocol
a. Executive Summary (Michael)
i. Word about what is the state of the art in research and clinical trials
ii. Why would standardization help
iii. Few sentences what this profile is for.
b. Clinical Context (Thorsten)

Tumor tissues normally demonstrate an abnormal microstructure and
physiology, which might be related to their specific tumor microenvironment and
biologic aggressiveness.

Cytotoxic agents and novel molecular tumor therapies early affect the
tumor microstructure and physiology, and might result under effective treatment
in a tumor necrosis and shrinkage. However, early changes of the tumor
microstructure and physiology will not necessarily reflected by classical
measurements of size changes (e.g. RECIST), and response classification by
these conventional criteria will need several weeks (routinely first follow-up
acquired 6-8 weeks after treatment initiation). Since most tumor therapies also
cause side effects, and novel molecular drugs are expensive in the preclinical
development and daily clinical use, robust non-invasive biomarkers are strongly



needed for early assessment of treatment response for patient care, drug
discovery, and economic reasons.

Role of DWI in a response to therapy assessment

Diffusion- weighted imaging (DWI) provides qualitative and quantitative
information of the tumor microstructure, cellularity, and integrity of the cellular
membrane.

Cancer could be detected due to an increased cell density (e.g. lymphoma
or prostate cancer), and the calculated "apparent diffusion coefficient" (ADC)
might predict tumor aggressiveness and therapy response at baseline. DWI can
also detect relatively small changes in tumor microstructure at the cellular level
allowing for quantification of early treatment-induced changes. Very soon, hours
to days after therapy initiation, cellular edema could occur, resulting in a transient
decrease of the ADC. A few days to weeks after effective therapy, tumor necrosis
with a loss of cell membrane integrity and an increase of the extracellular space
typically result in an increasing ADC measurement. During the following weeks
and months, the tumor may show a shrinkage with a resorption of the free
extracellular fluid and fibrotic conversion leading to a decrease of the ADC.
However, tumor relapse and regrowth could also result in an ADC reduction, but
are typically associated with unchanged or increasing tumor size.

c. Site selection, Qualification and training (Tom)

i. Phantom studies, other pre-requisites for being able to do the
studies mentioned in this profile

1. Equipment
2. Phantom
3. Process of site qualification
4. Mechanism in place to train and educate the site on
d. Challenges to profile use (Alex)
i. Necrotic components
ii. Hemorrhages
iii. Lipid-rich tumors
iv. Mucin-rich tumors
v. Susceptibility effects

e. Subject scheduling (Thorsten)

Comment [BM1]: Much of this appears in the
QC section. Do we repeat here, move this
areas out of QC, or leave things as they are?




Baseline examinations should be ideally within 14 days, but at least within
30 days prior to treatment start. DWI should not be performed within 14 days
after biopsy, and there should be no other tumor treatment at the meantime.
Otherwise measured tumor tissue cellularity may not reflect the status of the
tumor prior to initiation of therapy.

Intervals between follow-up examinations should be generally for early
treatment monitoring more 24- 48 hours after therapy initiation and for severe
therapy related changes more than 2- 4 weeks, but as defined by the clinical trial
of the new treatment and determined by current standards for GCP.

f. Subject preparation (Thorsten)

For DWI patients should prepared according to the local standard of care
(e.g. removal of all metal objects and electronic devices), but no specific patient
preparation procedures are required. Patients should be comfortably positioned,
in appropriate attire to minimize patient motion and stress, which might affect the
imaging results.

g. Imaging Procedure
i. b-values (Michael)
1. Number and choice of b-values
a. Preferred: 3 b-value minimum (constant TE)
b. Acceptable: 2 b-value (0, and high)
2. Number of averages per b-value
ii. Detailed description of imaging protocols, based on area of body

1. Motion (Marko)

Respiratory motion compensation in DWI

Three approaches in motion compensated acquisition strategies in body
(abdomen and whole body) were reported in the literature review: breath hold,
free breathing, respiratory-triggered and navigated.

Breath-hold single shot EPI

The key advantage of breath-hold acquisition is short acquisition time. The
entire liver can be covered in one or two breath-holds of up to 20 seconds.



Parallel imaging with the EPI sequence allows for short TE (~40-70 ms), thus
preserving SNR (1). Theoretically breath hold scans are more effective for
evaluating lesion heterogeneity and small lesion ADC. However, single-shot
sequences are inherently noisy. Motion artifacts are reduced, but pulsatile flow &
motion artifacts remain. Some authors advise combining with cardiac pulse
triggering (1), but triggering prolongs scan time. Cardiac pulsations are reported
to increase ADC in left lobe of the liver (1). For good SNR thicker slices are
needed (6-8 mm). Breath-hold scans are limited in resolution and in number of b
values per breath hold, which may impact ADC accuracy, or limit multi-
exponential analysis.

Free breathing with multiple averaging

Free breathing allows multiple b values and thinner slices (4-5 mm), with 3
to 6 minutes scan time for whole liver evaluation (2). Free breathing scans are
typically acquired with a higher number of averages (4 to 6) resulting in higher
SNR. Cyclical breathing is a coherent motion which doesn’t attenuate signal in
liver (2). It is possible to perform MPR and MIP for qualitative evaluation and
fusion with anatomical images to combine functional and anatomical information

().

However, multiple averaging causes slight image blurring. Small lesion
ADC and heterogeneity are less accurate because of motion averaging. The
shortcomings of free breathing with multiple averaging raises interest in
respiratory (1) and cardiac triggering to improve image registration for ADC
measurement.

Free breathing DWI can be extended to multiple stations for whole body
DWI, also known as DWIBS (diffusion weighted whole body imaging with
background body signal suppression). DWIBS is easier to perform with dedicated
whole-body coils (commercially available TIM, dStream for example). Otherwise
images can be acquired with the quadrature body coil (with no parallel imaging)
or using coil/table sliding solutions (X-Tend Table™ for example).

Respiratory triggering and navigation

Respiratory-triggered scans are acquired using respiratory bellow controls
or respiratory navigation with a 2D navigator excitation.

High quality images are acquired with good anatomical detail (2). Liver
detection is improved compared to breath-hold DWI (4). Image quality, SNR,
and ADC quantification are improved. Better CNR and decreased scattering of
ADC is reported (1).



The penalty of respiratory-triggered acquisition is increased scan time (->
5-6 minutes), and thus increased chance of patient motion. Risk of pseudo-
anisotropy artifact can lead to errors in ADC (5). Cardiac motion causes spin
dephasing artifacts in left liver lobe (2). Cardiac triggering can reduce the cardiac
pulsation artifacts (1, 7).

In addition to respiratory triggering using respiratory belts, a navigator
echo technique can be used for motion compensation. A pencil-beam excitation
pre-pulse is placed at the interface of liver and lung. The diaphragm position is
determined from the navigator signal. The diaphragm position can be used to
trigger the acquisition in end-expiration, but also to adjust the acquired slice
displacement according to the diaphragm position.

In order to circumvent the increased scan due respiratory triggering,
Takahara et al (8) introduced a modified, “tracking-only” (TRON) navigated DWI
acquisition. With TRON the navigator echo is used only to track and correct for
tissue displacement, and not for gating. Thus slices are acquired during the
entire breathing cycle. This technique was implement at 1.5T (8) and 3T (9) field
strengths.

References

1. Koh DM, Takahara T, Imai Y, Collins DJ. Practical aspects of assessing
tumors using clinical diffusion-weighted imaging in the body . Magn Reson
Med Sci 2007; 6 : 211 —224.

2. Taouli & Koh, Radiology: Volume 254: Number 1—January 2010

3. Kwee TC, Takahara T, Ochiai R , Nievelstein RA , Luijten PR . Diffusion-
weighted whole body imaging with background body signal suppression
(DWIBS): features and potential applications in oncology . Eur Radiol
2008; 18 : 1937 — 1952.

4. Parikh T, Drew SJ, Lee VS, et al . Focal liver lesion detection and
characterization with diffusion-weighted MR imaging: comparison with
standard breath-hold T2-weighted imaging. Radiology 2008; 246 : 812 —
822 .

5. Nasu K, Kuroki Y , Fuji H, Minami M . Hepatic pseudo-anisotropy: a
specific ¢ artifact in hepatic diffusion-weighted images obtained with
respiratory triggering . MAGMA 2007; 20 : 205 — 211.

6. Influence of cardiac motion on diffusion-weighted magnetic resonance
imaging of the liver.

7. Kwee TC, Takahara T, Niwa T, lvancevic MK, Herigault G, Van Cauteren
M, Luijten PR. MAGMA. 2009 Oct;22(5):319-25.

8. Takahara T, Kwee TC, Van Leeuwen MS, Ogino T, Horie T, Van Cauteren
M, Herigault G, Imai Y, Mali WP, Luijten PR, Diffusion-weighted magnetic



resonance imaging of the liver using tracking only navigator echo:
feasibility study. Invest Radiol. 2010 Feb; 45(2):57-63.

. Ilvancevic MK, Kwee TC, Takahara T, Ogino T, Hussain HK, Liu PS,
Chenevert TL. Diffusion-weighted MR imaging of the liver at 3.0 Tesla
using TRacking Only Navigator echo (TRON): a feasibility study. J Magn
Reson Imaging. 2009 Nov;30(5):1027-33.

3
4
5.
6
7
8

Sequence type (Dave [Siemens], Greg [Philips], Sandeep
[GE] for 2-8)

. FOV, matrix size, slice thickness

. 3 orthogonal gradients for each b-value>0

Single vs double echo

. Single vs multishot
. Parallel imaging

. Fat-suppression techniques, per region, 1.5vs 3 T

iii. Imaging post-processing (Brendan Whicker, Hendrik)

1.
2.

Image distortion correction

Motion

h. Image Analysis (Brendan, Hendrik)

i. ROI protocol

1.
2.
3.
4,

Contrast bolus administration, if necessary
T2W ROI
Use of DWI image for ROI

Challenges

ii. Obtaining an ADC value

1.
2.

Fit

Pixelwise, whole Tumor Mean/Median, histogram

i. Image interpretation (Alex, Mark)

i. Statistics to calculate from resulting maps



ii. Tumor segmentation
ii. Single operator
iv. ADC changes with treatment
j.  Archival and distribution of data (Michael)
i. Archiving segmentations
ii. Saving segmentation masks (numeric)
k. Quality control (Tom Chenevert, Martin Buechert)
X. Quality Control

The following section deals with all aspects of quality control in DWI-MRI studies.
Primary objectives of a DWI QA/QC program are: (a) to confirm DWI acquisition
protocol compatibility and compliance across participating centers; (b) assess
performance of each MRI system in measuring key DWI/ADC quantities; (c¢)
certification of systems/sites to meet quantitative performance thresholds or
identify source of performance deficiency; and (d) establish ongoing quality
control. This includes selection of imaging centers and specific scanners. In
addition, the use of DWI phantom imaging and analysis of phantom data are
discussed. Finally, post DWI acquisition quality assessment is described.
Details of these procedures will necessarily vary for the specifics of each trial
thus need adjustment, although the common framework is shared.

Guidelines for appropriate patient selection, tumor selection, and post processing
are also discussed below.

X.1  Selection of appropriate imaging centers for DWI studies

Typically sites are selected based on a record of competence in clinical oncology
and access to a sufficiently large patient population under consideration in the
clinical trial. Sites should also be competent in standard MRI procedures, DWI
methodology applied to the relevant anatomical area(s), other advanced MR
procedures that may be employed in the trial (eg. MRS, DCE-MRI), as well as
access to quality-maintained clinical MRI systems. In order to ensure high
quality DWI results, it is essential to implement procedures that ensure quality
assurance of the scanning equipment and reliable image acquisition
methodology. These processes must be established at study outset and
maintained for the duration of the study. A site “imaging capability assessment”
is required and should include evaluation of:

e Appropriate MR equipment and standard QC processes
e Experienced MR technologists

o Experienced MR radiologists

e Experienced MR physicists or MR imaging scientists



e Procedures to assure protocol compliance during the trial

X.1.1 DWI acquisition scanner

DWI studies targeted by this profile require a 1.5T or 3T scanner. The scanner
software/hardware versions should be identified and tracked with time over the
course of a clinical trial. Sites often have multiple scanners at the same or
variable software/hardware platforms. It is beneficial to identify and qualify
multiple scanners at a given site if such are available in the event a study-eligible
scanner is temporarily unavailable. However, adherence by the site to a use of a
specific scanner or pool of scanners for trial subjects must be established by
study design. Likewise, rules for serial scanning a given trial subject on one or
multiple systems must be clearly established. Means to confirm adherence to
study design, in terms of eligible scanner for each patient and time point, should
utilize specific scanner identifiers available in the DICOM header.

The MRI scanner must undergo routine QA/QC processes and have a service
plan that includes a preventative maintenance schedule appropriate for standard
clinical MR applications. In addition, to assure adequate quantitative MR imaging
results study-specific quality control measures are required as detailed below.

X.1.2 Site personnel performing DWI studies
(Analogous to DCE profile)

X.1.3 MR Radiologist or other anatomic experts
(Analogous to DCE profile)

X.1.4 Site protocol compliance

(Analogous to DCE profile)

X.2  Site qualification process
X.2.1 Site readiness
(Analogous to DCE profile)
X.2.2 Scanner qualification
(Analogous to DCE profile)
X.2.3 Phantom imaging

To qualify the MRI scanner a DWI phantom imaging procedure is required. The
DWI phantom must contain one or multiple media having known properties of: (a)
diffusion coefficient(s), (b) b-value dependence, and (c) isotropy/anisotropy.
Molecular mobility is a function of temperature (eg. water mobility varies



~2.4%IC°), therefore quantitative diffusion coefficient values require knowledge
or control of internal phantom temperature. DWI phantoms at room temperature
are convenient for scanning, although the range in room temperature (~10 C°)
requires calibrated internal temperature readouts recorded with phantom scans
for look-up-table conversion to known diffusion coefficient values. Alternatively,
phantoms designed with an ice-water bath surrounding diffusion media provide
an economical means to establish and maintain temperature control at 0C° for
several hours. A test compartment of water at 0C° has a precisely known
diffusion coefficient = 1.1x10mm?s, which is comparable to the ADC value of
tissue. However, ice-water phantoms are less convenient since they require on-
site preparation.

X.2.4 Phantom imaging data analysis

Phantom data should be analyzed in a uniform manner and preferably by a
central analysis site. Assurance should be made by the analysis center that the
phantom scan orientation is correct, and appropriate phantom positioning was
performed.

Clinical DWI protocols may require controlled ranges in geometry values (eg.
FOV, slice thickness, quantity of slices) to accommodate a range in patient body
habitus. The DWI phantom physical characteristics and imaging protocol can be
designed for similarity with the clinical study protocol, but range in all acquisition
settings must be minimized. A small parameter range for DWI phantom scanning
may still be required for protocol compatibility across scanner platforms.

The following performance metrics should be measured via DWI phantom
images acquired on each candidate MRI system. Quantitative performance
thresholds of these metrics must be established beforehand, and sites need to
meet/exceed these thresholds as an essential step for qualification. Assuming
DWI phantom images are acquired across multiple platforms (i.e. manufacturers
and software/hardware versions), the central analysis site must be able to derive
performance measures regardless of imaging platform source. While DICOM
offers some uniformity in image format, the stored order of DW images is variable
and complicates derivation of ADC values from subsets of images extracted from
DW!I series. The phantom QC processing center must be able to import and fully
process DWI series from all sources, regardless of image order. One solution is
to customize the image import software module for each platform-specific/order-
specific condition for conversion to a common internal structure format. Once
converted, all subsequent analysis routines are independent of image source.

X.2.4.1 ADC bias error

In tissue the “apparent” diffusion coefficient (ADC) represents the distillation of
complex biophysical processes so that the concept of a “true” ADC is overly
simplistic. In addition, the relative influence of various biophysical processes



depends on data acquisition conditions. An essential first step to assess ADC
bias error of an MRI system is measurement of a medium of precisely known
diffusion coefficient. In addition, the functional dependence of mobility on DWI
sequence b-value and diffusion time must be known. In this regard, simple self-
diffusion media having no b-value or diffusion time dependence are preferred.
For such media, the standard formula, ADCyp = { [IN(DWIo/DWI,)] / b } can be
used to generate ADC maps over the b-value range 0 to b. It is appropriate to
first apply a noise threshold filter to mask low SNR pixels that otherwise lead to
unreliable ADC results. Phantom scan b-value(s) are set per protocol, but must
at least encompass the range used in the associated clinical trial. Mean and
standard deviation from standard-shaped (round, square, rectangle), fixed-sized
ROls defined in test sample compartments are recorded for each ADC map.
Multiple ROIls over slices or regions on the maps for a given test compartment
can be combined to create a volume of interest (VOI) to more fully sample the
compartment. ADC Bias Error is derived from the mean ADC measured over the
VOI compared to the known diffusion coefficient (DCyye) Of the medium as,

ADC Bias Error = 100% ||W .
true

X.2.4.2 ADC random error

ADC Random Error is the standard deviation of ADC pixel values measured over
each VOI expressed as a percentage of the VOI mean ADC. A systematic
difference between ADC measured in widely separated VOIs would inflate this
metric, therefore ADC Random Error should only be derived from single-region
VOIs as,

ADC Random Error = 100% standard deviation ADCyor

mean ADCyop

X.2.4.3 ADC b-value dependence

If by first-principles, molecular mobility of the diffusing medium is known to not
have b-value or diffusion time dependence, any significant difference in DWI
phantom ADC value with b-value is artifactual. Assuming the DWI phantom
protocol is designed to measure ADC over multiple b-value intervals, say
b=0->b1 and b=0->b2, the level of artifactual b-value dependence is quantified
as,

[ADCy,p1 — ADCy p2]

ADC bvalue Dependence = 100%
ADC p2

Where b2>b1 and the ADC values represent select VOI means.



X.2.4.4 ADC spatial dependence

MRI systems may have a spatial dependence in measured ADC due to
systematic imperfections such as gradient nonlinearity. These errors should be
relatively small and nearly symmetric relative to distance from magnet isocenter.
Susceptibility of a study to error due to ADC spatial dependence varies with the
expected range of locations for target tissues, as well as reliability in patient
positioning. It is therefore useful to sample the ADC spatial dependence of MRI
systems over a relevant range for the clinical trial. This can be expressed as the
percent range in ADC values for widely separated VOIs, say VOI1 and VOI2, that
are within the spatial range anticipated for the clinical study as,

2x [ADCyo11— ADCyor2]
[ADCyo11+ADCyor2]

ADC Spatial Dependence = 100% |

X.2.4.5 SNR of DWI

Lastly, overall signal-to-noise of the source DW images is an important
performance parameter. While “signal” is relatively straightforward to measure
by the mean pixel intensity within an ROI or VOI, “noise” is more difficult. Often
the standard deviation of pixel intensity within an ROI or VOI drawn in the
background (ie. air) is used as an estimate of noise. Unfortunately, the image
background regions are often heavily modulated by MRI reconstruction and filter
routines, especially when parallel imaging and intensity normalization techniques
are employed. The nature and degree of background modulation is variable
across MRI platforms and it is difficult to enforce standardization. An alternative
to deriving noise from background is to acquire immediately sequential serial
images acquired under identical conditions then estimate noise of each pixel by
the square root of temporal variance measured over the multiple serial passes.
Note, this measure of variance will also include short-term system instability. Full
3D noise images are created for each b-value image set. Identical VOIs are then
applied to the signal and noise images to estimate SNR at each DWI b-value as,

VOI mean pixel intensity of Signal image

SNRupass =

VOI mean pixel intensity of Noise image

If only two serial passes are available, the noise image is derived from the pixel-
by-pixel subtraction of the two passes, and the SNR statistic is defined as,

SNR _ V2 VOI mean pixel intensity of Signal image
2Pass —

Vol standard deviation pixel intensity of Noise image

For comparative purposes, hoise can also be estimated by the pixel standard
deviation in a large ROI defined in a ghost-free air background region; although
as mentioned this metric is potentially compromised by image intensity
modulation routines employed on some systems.

VOI mean pixel intensity of Signal image

SNRys air =

standard deviation pixel intensity in background air



X.2.4.6 Spatial distortions due to BO inhomogeneity and eddy currents
X.2.4.7 Fat suppression effectiveness and uniformity
X.2.4.8 DWI phantom protocol compliance

The established DWI phantom protocol, including allowed parameter ranges,
must be tabulated and compared to acquisition settings used for the MRI system
being evaluated. A DICOM parameter “compare” software module is preferred to
automate compliance assessment. Protocol compliance or points of violation
must be documented in a report. A Sample QC report is provided in Figure XXX
and YYY.

X.2.5 0Ongoing MRI scanner quality control

The initial set of DWI phantom images from each site/system are used for
certification that the system met or exceeded performance standards set for the
clinical trial. Sites that desire to use multiple MRI scanners for the study, must
have each scanner certified. Once certified, each MRI system must be re-
evaluated by the same DWI phantom test procedure at established intervals.

X.3  Quality control of DWI studies

X.3.1 Determination of suitable tumor lesions
(Analogous to DCE profile)

X.3.2 Selection of target lesion
(Analogous to DCE profile)

X.3.3 Determination of subjects unsuitable for DWI analysis
(Analogous to DCE profile)

X.3.4 Determination of DWI exams unsuitable for DWI analysis
(Analogous to DCE profile)

X.3.5 DWI exam protocol compliance

The established clinical trial DWI protocol, including allowed parameter ranges,
must be tabulated and compared to acquisition settings used for each trial DWI
dataset submitted for evaluation. A DICOM parameter “compare” software
module is preferred to automate compliance assessment. Protocol compliance
or points of violation must be documented in a report. A Sample QC report is
provided in Figure XXX and YYY.



X.3.6 Editing DWI exams prior to DWI analysis
(Analogous to DCE profile)

Material below are sample tables only ..............

Target performance levels for site certification are summarized as follows:
Sample Table 1: DWI Phantom Target Performance Standards *

ADC Bias ADC b-value ADC Spatial ADC Random SNR of
Error Dependence Dependence Error High b-value
(ADCy.600 VS (Right- vs Left- . o DwI
(ADC vs True ADCo.500) VOIs) (single-side VOI)
Value)
<10% <2% <5% <5% >75:1

8 See section X for metric definitions

l. Test Procedure — DWI Acquisition

The core DWI test sequence was designed for commonality with the ACRIN
6698 DWI sequence used on patients. Greater details of the QC protocol are
provided in Appendix I, although main acquisition elements of the DWI scan are
summarized here.

Sample Table 2: DWI QC test sequence:

Sequence TR (ms) TE (ms) No. of Parallel
Averages Imaging
3-axes DW >8000 80 - 100 2 Factor 2 @

1.5T
Factor 3 @ 3T

Single-Shot EPI

FOV (mm) Matrix Slice Encoding b-values
Geometry (s/mm?)

160 x 160 acq. Bilateral axial | Freq axis = A/P

320 x 320 256 x 256 30 slices, Phase axis = 0, 100, 600,
recon. 4mm thick, 0 R/L 800
gap

An important aspect of the QC protocol involves collection of four sequential DWI
“passes”, where each pass is approximately 3minutes. This design serves two
purposes. Multiple measurements spanning 12minutes are used to confirm the
phantom was at thermal equilibrium. A clear trend of decreasing ADC with each
pass suggests the phantom was not at thermal equilibrium. Secondly, repeated




DW!I scans provide an estimate of noise in each DWI pixel by the temporal
variance of signal.

Il. Submission of DWI Phantom Images

Do not de-identify DWI phantom images. Submit all DWI phantom images,
including non-DWI scans and screen-shots to the ACRIN Imaging Core
Laboratory via TRIAD. It is important to note that all images must be in DICOM
format.

OC Report Generation:
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Figure 1: (a) Schematic of DWI phantom; (b) MRI through central plane of
phantom; (c) ADC map on quantitative color scale. Diffusion coefficient of water
at 0 °C ~ 1.1 x10* mm?/s.




Figure 2: Photographs of DWI phantoms (a) before filling with icewater; (b)
insulating foam envelope; (c) positioned in bilateral breast coil.



Institution: UNIVERSITY of MICHIGAN
System ID: SysO1A

Manuf acurer: Philips Medical Sy stems
Field Strength: 3.0T

Serial Number: 42001

Software ver: 4.1.14.1.1.1

Acq DateExSer: d2011120713e3764068325201
SetPass Analyzed: Set2_Pass1_Pass2
TR(ms) = 8000.001

TE(ms) = 80.345

NAV =2

FOV(mm) = 320

Slice Thk(mm) =4

Number slices = 30

Bandwidth (Hz/Px)= 1773

Freq Matrix = 160

Phase Matrix = 157

Phase Enc Dir ROW

Parallel Imaging YES

Pl Factor =3

Receiver Coil SENSE-Breast18
b-values =0 100 600 800

ROl Locations

BTN

»:—'§ 3

|%Diff ADC| LT vs RT at Highest b

ADCvoi2 vs ADCvoi3 = 1.6061% ADCvoi4 vs ADCvoi5 = 1.3703%

%Random Error and %Bias Error at Highest b

For VOI1: ADC random error = 1.919%; ADC bias error = 5.1538%

For VOI2: ADC random error = 1.8679%; ADC bias error = 5.9982%
For VOI3: ADC random error = 1.6033%; ADC bias error = 4.3093%
For VOW: ADC random error = 2.1397%; ADC bias error = 6.2336%
For VOI5:  ADC random error = 1.7029%; ADC bias error = 4.7878%

SNR of Highest b DWI = 143.0861

Analysis Script: run_acrin6698_qc
Analysis Date: 20-Jan-2012

VOITypes: 1=All ROIs; 2=All RT; 3=All LT; 4=Ctr RT; §=Ctr LT

For VOltype = 1:

b =100:

b =800:

|3%Diff|:

VOl ave ADC = 1.18085 +/- 0.14081 x10-3 mm2/s

ADC random ermor = 11.8375%; ADC bias error = 8.136%
SNR2pass: @DWIb0 = 164.0204; @DW1hib = 148.7402
SNRvsbkg: @DWIb0 = 401.4946; @DW lhib = 481.7004

: VOl ave ADC = 1.1501 +/- 0.026779 x10-3 mm2/s

ADC random eror = 2.3104%; ADC bias eror = 5.3703%
SNR2pass: @DWIb0 = 164.0204; @DW1lhib = 142.001

SNRvsbkg: @DWIb0 = 401.4946; @DW lhib = 336.8121

VOI ave ADC = 1.1567 +/- 0.022198 x10-3 mm2/s

ADC random ermror = 1.919%: ADC bias emor = 5.1538%
SNR2pass: @DWIb0 = 164.0204; @DW/hib = 143.0861
SNRvsbkg: @DWIb0 = 401.4946; @DW hib = 285.8737

ADC100 vs ADC800 = 2.8381%; ADCE00 vs ADCS800 = 0.20580%.

For VOltype = 2:

b =100:

b =600:

b =800:

|9%Diff |:

VOl ave ADC = 1.1792 #/- 0.14383 x10-3 mm2/s

ADC random eror = 12.1973%; ADC bias error = 7.1985%
SNR2pass: @DWIb0 = 171.8814; @DW1hib = 156.5085
SNRvsbkg: @DWIb0 = 533.5521; @DW lhib = 534.2819
VOl ave ADC = 1.1675 +/- 0.026808 x10-3 mm2/s

ADC random eror = 2.2781%; ADC bias eror = 6.1396%
SNR2pass: @DWIb0 = 171.8814; @DWIhib = 146.2845
SNRvsbkg: @DWIb0 = 533.5521; @DWIhib = 383.6731
VOI ave ADC = 1.166 +/- 0.02178 x10-3 mm2/s

ADC random error = 1.8679%; ADC bias error = 5.9882%
SNR2pass: @DWIb0 = 171.8814; @DWIhib = 140.8886
SNRvsbkg: @DWIb0 = 533.5521; @DW hib = 308.1755
ADC100 vs ADCB800 = 1.1324%; ADC600 vs ADCS800 = 0.1334%.

For VOltype = 3:

b =100:

b = 800:

b =800:

|9Diff |:

VOI ave ADC = 1.1988 +/- 0.13684 x10-3 mm2/s

ADC random eror = 11.4139%; ADC bias error = 8.0735%
SNR2pass: @DWIb0 = 155.8808; @DWihib = 140.7156
SNRvsbkg: @DWIb0 = 449.4371; @DW lhib = 449.119
VOI ave ADC = 1.1506 #/- 0.024145 x10-3 mm2/s

ADC random error = 2.0984%; ADC bias error = 4.6009%
SNR2pass: @DWIb0 = 155.8608; @DWlhib = 138.7053
SNRvsbkg: @DWIb0 = 440.4371; @DWIhib = 300.5511
VOl ave ADC = 1.1474 +/- 0.018397 x10-3 mm2/s

ADC random emor = 1.6033%; ADC bias eror = 4.3003%
SNR2pass: @DWIb0 = 155.8608; @DWIhib = 147.4188
SNRvsbkg: @DWIb0 = 449.4371; @DWIhib = 283.5719
ADC100 vs ADCB00 = 4.5674%; ADCSE00 vs ADCS800 = 0.27955%.

For VOItype = 4:

b =100:

b = 800:

b = 800:

|96Diff |-

VOl ave ADC = 1.1975 #/- 0.18136 x10-3 mm2/s

ADC random error = 15.1451%; ADC bias error = 8.8637%
SNR2pass: @DWIb0 = 167.8631; @DWIhib = 130.1317
SNRvsbkg: @DWIb0 = 538.2138; @DWIhib = 537.978
VOI ave ADC = 1.1699 +/- 0.032411 x10-3 mm2/s

ADC random error = 2.7704%: ADC bias error = 8.3547%
SNR2pass: @DWIb0 = 1687.8631; @DWIhib = 128.3505
SNRvsbkg: @DWIb0 = 538.2139; @DW hib = 366.3605
VOI ave ADC = 1.1686 +/- 0.025002 x10-3 mm2/s

ADC random error = 2.1387%; ADC bias error = 8.2336%
SNR2pass: @DWIb0 = 167.8631; @DWlhib = 124.2113
SNRvsbkg: @DWIb0 = 538.2139; @DWIhib = 310.285
ADC100 vs ADCE00 = 2.4757%; ADC600 vs ADCS800 = 0.11383%.

For VOltype = 5:

b =100:

b =800:

|9Diff|:

: VOI ave ADC =1.1580 +

VOI ave ADC = 1.2307 +/- 0.14865 x10-3 mm2/s

ADC random error = 12.0783%; ADC bias error = 11.8804%
SNR2pass: @DWIb0 = 137.1871; @DWihib = 141.4144
SNRvsbkg: @DWIb0 = 422.3043; @DW lhib = 420.6626
0.028184 x10-3 mm2/s

ADC random error = 2.432%: ADC bias emor = 5.3528%
SNR2pass: @DWIb0 = 137.1871; @DWIhib = 145.0047
SNRvsbkg: @DWIb0 = 422.3043; @DWIhib = 289.3845
VOI ave ADC = 1.1527 #/- 0.019628 x10-3 mm2/s

ADC random error = 1.7028%; ADC bias error = 4.7878%
SNR2pass: @DWIb0 = 137.1971; @DWIhib = 135.0936
SNRvsbkg: @DWIb0 = 422.3043; @DW hib = 246.6024
ADC100 vs ADC200 = 6.7685%; ADC600 vs ADCS800 = 0.53016%.

Figure XXX: Example of QC Report generated by UM Core Lab scripts.
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"DNA Setl Passl"

IS protocol compliant to "masterDNA ACRIN6688"

"DNA Set2 Passl"

to "masterDNA ACRIN6688"

*FIELDS* with ALLOWED vs

CHECK FIELD: *te*; MASTER from = 80 to
CHECK FIELD: *pifactorinplane*; MASTER

"DNA Set3 Pass2" IS NOT protocol compliant

= 100;
from =

74.742
3; STUDY
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1.5 to =

to "masterDNA ACRIN668S"

NON-COMPLIENT *FIELDS* with ALLOWED Vs
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CHECK FIELD:

*ter;
*pifactorinplane*;

Figure YYY: Example of QC protocol conformance check. Dicom headers with

STUDY = 74.742
1.5 to = 3; STUDY

= 100;
from =

values outside of allowed range per protocol are flagged as noncompliant.

i. List all sources of artifact and variation and procedures to mitigate

them
1. Prospective
a. Perfusion at low b-value
b. Subject motion
c. Acq. Plane
d.
2. Retrospective

a. Registration methods

Image artifacts (wrap, metal, etc...)

b. Adherence to imaging protocols
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