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Open Issues:

The following issues have not been resolved to the satisfaction of the technical committee. An open issue
may be a short question prompting a proposed resolution or discussion. The issues and answers below may
represent some of the directions the Committee is currently leaning. Feedback on these issues is
encouraged, particularly during the Public Comment period for the profile.

Q. Is the claim appropriate/supported by the profile details, published literature, and QIBA
groundwork? Is it stated in clear and statistically appropriate terms?
A

Q. What kind of additional study (if any is needed) would best prove the profile claim?
A.

Q. How do we balance specifying what to accomplish vs how to accomplish it?

A. E.g. if the requirement is that the scan be performed the same way, do we need to specify that
the system or the Technologist record how each scan is performed? If we don’t, how will the
requirement to “do it the same” be met?

Q. Should there be a “patient appropriateness” or “subject selection” section?

A. The protocol template includes such a section to describe characteristics of appropriate (and/or
inappropriate) subjects. E.g. a requirement that the patient be able to hold their breath for 15
seconds. We could also discuss what constitutes an “assessable lesion” (the claim introduces this
term)

Q. Does 4cm/sec “scan speed” preclude too many sites?
A. A 4cm /sec threshold would likely forestall a lot of potential breath hold issues.

Q. What do we mean by noise and how do we measure it?
A.

Q. Is 5HU StdDev a reasonable noise value for all organs?
A. If it’s not, should we allow multivalued specifications for different organs/body regions?
Should we simply have several profiles?

Q. Are there sufficient DICOM fields for all of what we need to record in the image header, and
what are they specifically?

A. For those that exist, we need to name them explicitly. For those that may not currently exist, we
need to work with the appropriate committees to have them added.

Q. Have we worked out the details for how we establish compliance to these specifications?
A. We are continuing to work on how this is to be accomplished but felt that it was helpful to start
the review process for the specifications in parallel with working on the compliance process.

Q. What is the basis of the specification of 15% for the variability in lesion volume assessment
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within the Image Analysis section, and is it inclusive or exclusive of reader performance?

A. As stated it is inclusive of reader performance, with a view to be consistent with the overall claim
and where this action takes place in the pipeline process. We acknowledge that allocation of
variability across the chain is fraught with difficulty and also that accounting for reader performance
is also difficult in the presence of different levels of training and competence among readers. Input
on these points to help with this is appreciated (as is also the case for all aspects of this Profile).

Closed Issues:

The following issues have been considered closed by the technical committee. They are provided here to
forestall discussion of issues that have already been raised and resolved, and to provide a record of the
rationale behind the resolution.

Q. Should we specify all three levels (Acceptable, Target, Ideal) for each parameter?
A. No. As much as possible, provide just the Acceptable value. The Acceptable values should be
selected such that the profile claim will be satisfied.

Q. What is the basis for our claim, and is it only aspirational?

A. Our claim is informed by an extensive literature review of results achieved under a variety of
conditions. From this perspective it may be said to be well founded; however, we acknowledge that
the various studies have all used differing approaches and conditions that may be closer or farther
from the specification outlined in this document. In fact the purpose of this document is to fill this
community need. Until field tested, the claim may be said to be “consensus.” Commentary to this
effect has been added in the Claims section, and the Background Information appendix has been
augmented with the table summarizing our literature sources.

Q. What about dose?
A. A discussion has been added to address dose issues. Increased radiation absorbed dose
improves SNR and gives better lesion definition up to a point.
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I. Executive Summary

X-ray computed tomography provides an effective imaging technique for assessing treatment response in
patients with cancer. Quantification is helpful when tumor masses change relatively slowly over the course
of iliness. Currently most size measurements are uni-dimensional estimates of longest diameters (LDs) on
axial slices, as specified by RECIST (Response Evaluation Criteria In Solid Tumors). Since its introduction,
limitations of this method have been reported. Many investigators have suggested that quantifying whole
tumor volumes could solve some of the limitations of depending on diameter measures, and may have a
major impact on patient management [1-2]. An increasing number of studies have shown that volumetry
has value [3-12].

QIBA has constructed a systematic approach for standardizing and qualifying volumetry as a biomarker of
response to treatments for a variety of medical conditions, including cancers in the lung (either primary
cancers or cancers that metastasize to the lung [18]). Several studies with varying scope are now underway
to provide comparison between the effectiveness of volumetry and uni-dimensional LDs as the basis for
RECIST in multi-site, multi-scanner-vendor settings. This QIBA Profile is expected to provide specifications
that may be adopted by users as well as equipment developers to meet targeted levels of clinical
performance in identified settings.

This profile makes claims about the precision with which changes in tumor volumes can be measured under
a set of defined image acquisition, processing, and analysis conditions.

The intended audiences include:
e Technical staffs of software developers and device manufacturers who create products for this purpose
e Clinical trial scientists and physician Pls of clinical trials

e Practicing clinicians at healthcare institutions considering appropriate specifications for procuring new
equipment

e Experts involved in quantitative medical image analysis
e Anyone interested in the technical and clinical aspects of medical imaging
Note that specifications stated as “requirements” here are only requirements to achieve the claim, not

“requirements on standard of care.” Specifically, meeting the goals of the profile are secondary to
properly caring for the patient.

Il. Clinical Context and Claims
Utilities and Endpoints for Clinical Trials
These specifications are appropriate for quantifying the volumes of malignant lesions and measuring their

longitudinal changes within subjects. The primary objective is to evaluate their growth or regression with
serially acquired CT scans and image processing techniques.
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Compliance with this profile by relevant staff and equipment supports the following claim(s):

Claim: Measure Change in Tumor Volume

Increases or decreases of more than 30% in a tumor's volume measured over time is above the
measurement variability and associated with a true biological change given that the tumor is measurable
(i.e., tumor margins should be recognizable on all images in both scans), and the longest diameter of the
tumor is 10 mm or greater in the initial scan. This means that technical variation in the measurement is
no more than 15% (half of the 30% claimed for biological significance).

This claim has been informed by an extensive review of the literature, as summarized in the Background
Information appendix. Itis currently a consensus claim that has not yet been fully substantiated by studies
that strictly conform to the specifications given here. To date there has not existed a standard utilized by a
sufficient number of studies. The expectation is that during field test, data on the actual field performance
will be collected and changes made to the claim or the details accordingly. At that point, this caveat may
be removed or re-stated.

lll. Profile Details

A technical description of tests for the biomarker, identifying measurement activities and read-outs, is
provided:

Assess change in tumor burden
[

. ) ) Assess change per target lesion
Obtain images per timepoint (2)

Patient Calculate Subtract
Prep . Acquire Recon volume volumes

and Post- e
process -OR- Bf’aﬁmjs Interpret
[t Directly process
Agent images to
(i) o analyze change
\
|
v v v v
Lesion Volume Change in
volume at change per tumor burden
time target by volume
point (v;) lesion (Avy/v;) (AT.B.)

Figure 1: The assay method for computing and interpreting volumetric assessment using computed tomography may be
described as a pipeline. Patients (or subjects) are prepared for scanning, a imaging agent to enhance contrast may or may not
be used, raw image data is acquired, and images are formed using mathematical reconstruction and/or post-processing
methods. Images may be obtained at a multiplicity of time points, notably at two time points for a change assessment as is
considered by this document. Images formed at each of the two time points serve as the input to the downstream image
analysis activity to assess the degree of change per each target lesion. Detection of target lesions as well as classification as to
whether they are target and/or evaluable lesions is beyond the scope of this document. For each detected and evaluable
target lesion, change may be assessed by calculating absolute volume at each of the two time points and performing a
subtraction, or alternatively through other means that may be proposed wherein a direct measure of change is assessed
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without specific regard to the absolute volumes. Philosophically it is desired that the profile encourage rather than discourage
innovation in the means by which this is done, however, in the end the change is assessed as a percentage according to the
formula (delta in volume between the two time points)/volume at time point 1. Downstream from this analysis the change
may be interpreted according to a variety of different response criteria. These response criteria are beyond the scope of this
document.

Formally defined “Actors” who are required to meet these claims include the following:

e Hardware and software devices (acquisition, reconstruction, and analysis)

e Technologists

e Image Analysts

e Image Acquisition Sites

The following sections provide details for what the various components required for compliance:
Section 1, Subject Handling, is practiced by an Image Acquisition Site.

Section 2, Imaging Data Acquisition, is practiced by a Technologist at an Image Acquisition Site using an
Acquisition Device.

Section 3, Imaging Data Reconstruction, is practiced by an Technologist at an Image Acquisition Site using
Reconstruction Software.

Section 4, Image Analysis, is practiced by an Image Analyst using one or more Software Analysis Tools.

The requirements included herein are intended to establish a baseline level of capabilities. Providing higher
performance or advanced capabilities is both allowed and encouraged. The profile is not intended to be
limiting in any way with respect to how these requirements are met by equipment suppliers.

Note that this profile is “lesion-oriented”, meaning that different lesions in different anatomic regions

might be imaged and processed with different parameters as long as any given lesion is handled the same
way each time.

1. Subject Handling

1.1 Timing Relative to Index Intervention Activity

The pre-treatment CT scan shall take place prior to any intervention to treat the disease. This scan is
referred to as the “baseline” scan. It should be acquired as soon as possible before the initiation of

treatment, and in no case more than the number of days before treatment specified in the protocol.

1.2 Timing Relative to Confounding Activities
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This document does not presume any timing relative to other activities. Fasting prior to a contemporaneous
FDG PET scan or the administration of oral contrast for abdominal CT are not expected to have any adverse
impact on this profile.

1.3 Contrast Preparation and Administration

DISCUSSION

The use of contrast is not an absolute requirement for this profile. However, the use of contrast material
(intravenous or oral) may be medically indicated in defined clinical settings. Contrast characteristics

influence the appearance, conspicuity, and quantification of tumor volumes.

SPECIFICATION

Parameter Specification

The Technologist shall use equivalent contrast (including dose calculation, schedule,
administration route, and rate) as used at baseline for subsequent time points. If not
used at baseline, it shall not be used in follow-up scans.

Use of intravenous
or oral contrast

The Acquisition Device shall record the use and type of contrast, actual dose
calculation, schedule rate, delay, and apparatus utilized in the image header. This may
be by automatic interface with contrast administration devices in combination with
text entry fields that shall be filled in by the Technologist.

Image Header

1.4 Subject Positioning
DiscUsSION

Consistent positioning avoids unnecessary variance in attenuation, changes in gravity induced shape and
fluid distribution, or changes in anatomical shape due to posture, contortion, etc. Significant details of
subject positioning include the position of their upper extremities, the anterior-to-posterior curvature of
their spines as determined by pillows under their backs or knees, the lateral straightness of their spines,
and, if prone, the direction the head is turned. Positioning the subject Supine/Arms Up/Feet first has the
advantage of promoting consistency, and reducing cases where intravenous lines go through the gantry,
which could introduce artifacts.

SPECIFICATION

Parameter |Specification

The Technologist shall position the subject the same as for prior scans. If the previous
Subject Positioning |positioning is unknown, the Technologist shall position the subject Supine/Arms
Up/Feet first if possible.

The Technologist shall adjust the table height to place the mid-axillary line at

Table Height .
isocenter.

Image Header |The Acquisition Device shall record the Table Height in the image header.
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1.5 Instructions to Subject During Acquisition
DISCUSSION

Breath holding reduces motion that might degrade the image. Full inspiration inflates the lungs, which
separates structures and makes lesions more conspicuous.

Although performing the acquisition in several segments (each of which has an appropriate breath hold
state) is possible, performing the acquisition in a single breath hold is likely to be more easily repeatable

and does not depend on the Technologist knowing where the lesions are located.

SPECIFICATION

Parameter Specification

The Technologist shall ensure that image acquisition occurs at least near the high end
inspiration.

The Technologist shall ensure that for each lesion the breath hold state is the same as
for prior scans.

Breath hold

The Technologist shall record factors that adversely influence patient positioning or
limit their ability to cooperate (e.g., breath hold, remaining motionless, agitation in
Image Header patients with decreased levels of consciousness, patients with chronic pain syndromes,
etc.). These shall be accommodated with data entry fields provided by the Acquisition
Device.

1.6 Timing/Triggers
DiscussIiON

The amount and distribution of contrast at the time of acquisition can affect the appearance and
conspicuity of lesions.

SPECIFICATION

|Parameter Specification

The Technologist shall ensure that the time-interval between the administration of
Timing / Triggers  |intravenous contrast (or the detection of bolus arrival) and the start of the image
acquisition is the same as for prior scans.

|Image Header The Acquisition Device shall record actual Timing and Triggers in the image header.

2. Image Data Acquisition
DISCUSSION

CT scans for tumor volumetric analysis will be performed on equipment that complies with the
specifications set out in this profile. At this stage of development, we continue to recommend that all CT
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scans for an individual participant be performed on the same platform throughout the trial. In the rare
instance of equipment malfunction, follow-up scans on an individual participant can be performed on the
same type of platform. All efforts should be made to have the follow-up scans performed with identical
parameters as the first. This is inclusive of as many of the scanning parameters as possible, including the
same field of view (FOV).

A set of scout images should be initially obtained. Pitch is chosen so as to allow completion of the scan in a
single breath hold. In some cases two or more breaths may be necessary. In those cases, it is important that
the target lesion be fully included within one of the sequences.

Faster scans shorten the scan time and reduce the breath hold requirements, thus reducing the likelihood
of motion artifacts. Scan Plane (transaxial is preferred) may differ for some subjects due to the need to
position for physical deformities or external hardware.

Total Collimation Width (defined as the total nominal beam width) is often not directly visible in the
scanner interface. Wider collimation widths can increase coverage and shorten acquisition, but can
introduce cone beam artifacts which may degrade image quality.

Slice Width directly affects voxel size along the subject z-axis. Smaller voxels are preferable to reduce
partial volume effects and provide higher accuracy due to higher spatial resolution.

X-ray CT uses ionizing radiation. Exposure to radiation can pose risks. It is recognized that there are
tradeoffs between radiation dose and image quality. As the radiation dose is reduced, image quality can be
degraded. It is expected that health care professionals will balance the need for good image quality with
the risks of radiation exposure on a case-by-case basis. It is not within the scope of this document to
describe how these trade-offs should be resolved.

SPECIFICATION

Parameter Specification

Scan Duration for |[The Acquisition Device shall be capable of performing the required scans at an axial
Thorax rate of at least 4cm per second.

The Technologist shall perform the scan such that the acquired anatomy is the same

Anatomic Coverage .
as for prior scans.

Scan Plane (Image

. . The Technologist shall set the scan plane to be the same as for prior scans.
Orientation)

Total Collimation ||[The Acquisition Device shall be set up so as to achieve a total collimation width
Width >=20mm.

|IEC Pitch ’The Acquisition Device shall be set up so as to achieve IEC pitch less than 1.5.

|Tube Potential ‘The Acquisition Device shall be set up so as to achieve same kVp for all scans

Single Collimation [The Acquisition Device shall be set up so as to achieve single collimation width <=
Width 1.5mm.

The Acquisition Device shall record actual Anatomic Coverage, Field of View, Scan

I Head
Mmage neader Duration, Scan Plane, Total Collimation Width, Single Collimation Width, Scan Pitch,
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|Parameter ‘Specification

| ‘Tube Potential, and Slice Width in the image header.

3. Image Data Reconstruction
DISCUSSION

It is acknowledged that image reconstruction is closely related to image acquisition. These specifications
are the result of discussions to allow a degree of separation in their consideration without suggesting they
are totally independent.

Spatial Resolution quantifies the ability to resolve spatial details. Lower spatial resolution can make it
difficult to accurately determine the borders of tumors, and as a consequence, decreases the precision of
volume measurements. Increased spatial resolution typically comes with an increase in noise. Therefore,
the choice of factors that affect spatial resolution typically represent a balance between the need to
accurately represent fine spatial details of objects (such as the boundaries of tumors) and the noise within
the image. Spatial resolution is mostly determined by the scanner geometry (which is not usually under
user control) and the reconstruction kernel (which is somewhat under user control as the user usually gets
to choose from a limited set of choices of reconstruction kernels provided at the scanner). It is stated in
terms of “the number of line-pairs per cm that can be resolved in a scan of resolution phantom (such as the
synthetic model provided by the American College of Radiology and other professional organizations).” —
OR- “the full width at half of the line spread function”.

Noise Metrics quantify the magnitude of the random variation in reconstructed CT numbers. Some
properties of the noise can be characterized by the standard deviation of reconstructed CT numbers over a
uniform region in phantom. Noise (pixel standard deviation) can be reduced by using thicker slices for a
given mAs. A constant value for the noise metric might be achieved by increasing mAs for thinner slices and
reducing mAs for thicker slices. The standard deviation is limited since it can vary by changing the
reconstruction kernel, which will also impact the spatial resolution. A more comprehensive metric would
be the noise-power spectrum which measures the noise correlation at different spatial frequencies.

Reconstruction Field of View affects reconstructed pixel size because the fixed image matrix size of most CT
scanners is 512 X 512. If it is necessary to expand the field of view to encompass more anatomy, the
resulting larger pixels may be insufficient to achieve the claim. A targeted reconstruction with a smaller
field of view may be necessary, but a reconstruction with that field of view would need to be performed for
every time point. Pixel Size directly affects voxel size along the subject x-axis and y-axis. Smaller voxels are
preferable to reduce partial volume effects and provide higher measurement precision. Pixel size in each
dimension is not the same as resolution in each dimension; inherent resolution is different than how the
data is reconstructed and is strongly affected by the reconstruction kernel. When comparing data fields of
different resolution, do not sacrifice higher resolution data to match the level of lower resolution data.

Reconstruction Interval (a.k.a. Slice spacing) that results in discontiguous data is unacceptable as they may
“truncate” the spatial extent of the tumor, degrade the identification of tumor boundaries, confound the
precision of measurement for total tumor volumes, etc. Decisions about overlap (having an interval that is
less than the nominal reconstructed slice thickness) need to consider the technical requirements of the
clinical trial, including effects on measurement, throughput, image analysis time, and storage requirements.
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Reconstructing datasets with overlap will increase the number of images and may slow down throughput,
increase reading time and increase storage requirements. For multidetector row CT (MDCT) scanners,
creating overlapping image data sets has NO effect on radiation exposure; this is true because multiple
reconstructions having different kernel, slice thickness and intervals can be reconstructed from the same
acquisition (raw projection data) and therefore no additional radiation exposure is needed. <Note that the
slice thickness is “nominal” since the thickness is not technically the same at the middle and the edges>

Reconstruction Kernel Characteristics need to be defined to optimize the analysis for each lesion while still
meeting the requirements for noise and spatial resolution. A softer kernel can reduce noise at the expense

of spatial resolution. An enhancing kernel can improve resolving power at the expense of increased noise.

The effects of iterative reconstructions on quantitative accuracy and reproducibility are currently not fully
understood as of this writing of this profile version.

SPECIFICATION

For quantification of whole tumor volumes, the reconstruction software produces images that meet the
following specifications:

Parameter Specification
Spatial The Reconstruction Software shall be set up so as to achieve spatial resolution >= 6 Ip/cm —
Resolution OR- Axial FWHM <= 0.8mm.

. The Reconstruction Software shall be set up so as to achieve voxel noise standard deviation
Voxel Noise

of < 5HU in 20cm water phantom.

The Reconstruction Software shall be set up so as to achieve a reconstruction field of view
spanning the entire lateral extent of the patient, but no greater than required to image the
entire body; <same as previous scan>

Reconstruction
Field of View

Slice Thickness

The Reconstruction Software shall be set up so as to achieve slice thickness <2.5 mm.

Reconstruction
Interval

The Reconstruction Software shall be set up so as to achieve reconstruction interval <2.5
mm.

Reconstruction
Overlap

The Reconstruction Software shall be set up so as to achieve reconstruction overlap > 0 (i.e.
no gap, and may have some overlap).

Reconstruction
Kernel
Characteristics

The Reconstruction Software shall be set up so as to utilize an equivalent kernel for all time
points.

Image Header

The Reconstruction Software shall record actual Spatial Resolution, Noise, Pixel Spacing,
Reconstruction Interval, Reconstruction Overlap, Reconstruction Kernel Characteristics, as
well as the model-specific Reconstruction Software parameters utilized to achieve
compliance with these metrics in the image header.

4. Image Analysis

DISCUSSION

Document generated by .\Profile Editor\ProfileTemplate.sps

Page: 11




248
249
250
251
252
253
254
255
256
257

258

259
260
261
262

263
264

265

266
267

QIBA Profile Format 2.1

Each lesion is characterized by determining the boundary of the lesion (referred to as segmentation), then
computing the volume of the segmented lesion. Segmentation may be performed automatically by a
software algorithm, manually by a human observer, or semi-automatically by an algorithm working with
human guidance/intervention. The volume of the segmented region is then computed automatically from
the segmented boundary. Many Analysis Software Tools segment various types of tumors on CT images
based on a starting seed point, stroke, or region and change is assessed as the difference of two volume
computations. It is acknowledged that computing absolute volumes at two separate time points is only one
way to approach the change calculation. Methods that calculate volume changes directly without
calculating volumes at individual time points are acceptable so long as the results are compliant with these
specifications as set out by this profile.

SPECIFICATION

Parameter |Specification

Common . . .
Lesion The Image Analysis Tool shall allow a common set of lesions to be designated for
. measurement, which are then subsequently measured by all readers.

Selection

Lesion . . . . .

Volume The Image Analysis Tool shall measure lesion volume change (according to Figure 1) with
variability less than +/- 15%.

Change

. The Image Analysis Tool shall allow multiple lesions to be measured, and each measured

Multiple . . . . e .

Lesions lesion to be associated with a human-readable identifier that can be used for correlation
across time points.
The Image Analysis Tool shall record actual model-specific Analysis Software set-up and
configuration parameters utilized to achieve compliance with these metrics shall be
recorded.

Recordin Image Analysis Tools shall record in (and reload for review from) region specification (e.g.,

8 lesion segmentation boundary) and volumetric measurement as well as metadata in

standard formats including one or more of the following output formats: DICOM
Presentation State, DICOM Structured Report; DICOM RT Structure Set; DICOM raster or
surface segmentation.

IV. Compliance

Acquisition Device

Compliance is certified according to specifications set out in the Image Acquisition section above.
Additionally, compliant Acquisition Devices shall provide means to record the information identified in the

Subject Handling section as means to document compliance of the Image Acquisition Site to the
specifications noted there.

Reconstruction Software

Compliance to specifications as set out in the Image Reconstruction section above. Additionally, compliant
Reconstruction Software shall propagate the information collected at the prior Subject Handling and
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Imaging Acquisition stages and extend it with those items noted in the Reconstruction section. See the
compliance procedure notes associated with Acquisition Devices above for procedural assistance to identify
Model Specific Parameters for Reconstruction Software.

Software Analysis Tool

Compliance to specifications as set out in the Image Analysis section above. Additionally, compliant
Software Analysis Tools shall propagate the information collected at the prior Subject Handling, Imaging
Acquisition, and Imaging Reconstruction stages and extend it with those items noted in the Analysis section

Image Acquisition Site

Typically clinical sites are selected due to their competence in oncology and access to a sufficiently large
patient population under consideration. For imaging it is important to consider the availability of:

e appropriate imaging equipment and quality control processes,

e appropriate injector equipment and contrast media,

e experienced CT Technologists for the imaging procedure, and

e processes that assure imaging profile compliant image generation at the correct point in time.

A calibration and QA program shall be designed consistent with the goals of the clinical trial. This program
shall include (a) elements to verify that sites are performing correctly, and (b) elements to verify that sites’
CT scanner(s) is (are) performing within specified calibration values. These may involve additional phantom
testing that address issues relating to both radiation dose and image quality (which may include issues
relating to water calibration, uniformity, noise, spatial resolution -in the axial plane-, reconstructed slice
thickness z-axis resolution, contrast scale, CT number calibration and others). This phantom testing may be
done in additional to the QA program defined by the device manufacturer as it evaluates performance that
is specific to the goals of the clinical trial.
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Background Information
QIBA

The Quantitative Imaging Biomarker Alliance (QIBA) is an initiative to promote the use of standards to
reduce variability and improve performance of quantitative imaging in medicine. QIBA provides a forum for
volunteer committees of care providers, medical physicists, imaging innovators in the device and software
industry, pharmaceutical companies, and other stakeholders in several clinical and operational domains to
reach consensus on standards-based solutions to critical quantification issues. QIBA publishes the
specifications they produce (called QIBA profiles), first to gather public comment and then for field test by
vendors and users.

QIBA envisions providing a process for developers to test their implementations of QIBA profiles through a
compliance mechanism. After a committee determines that a profile has undergone sufficient successful
testing and deployment in real-world care settings, it is released for use. Purchasers can specify
conformance with appropriate QIBA profiles as a requirement in requests for proposal. Vendors who have
successfully implemented QIBA profiles in their products can publish conformance statements (called QIBA
Compliance Statements) represented as an appendix called “Model-specific Parameters.” General
information about QIBA, including its governance structure, sponsorship, member organizations and work
process, is available at http://gibawiki.rsna.org/index.php?title=Main Page.

CT Volumetry for Cancer Response Assessment
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Anatomic imaging using computed tomography (CT) has been historically used to assess tumor burden and
to determine tumor response (or progression) to treatment based on uni-dimensional or bi-dimensional
measurements. The original WHO response criteria were based on bi-dimensional measurements of the
tumor and defined response as a decrease of the sum of the product of the longest perpendicular
diameters of measured lesions by at least 50%. The rationale for using a 50% threshold value for definition
of response was based on data evaluating the reproducibility of measurements of tumor size by palpation
and on planar chest x-rays [24][25]. The more recent RECIST criteria introduced by the National Cancer
Institute (NCI) and the European Organisation for Research and Treatment of Cancer (EORTC) standardized
imaging techniques for anatomic response assessment by specifying minimum size thresholds for
measurable lesions and considered other imaging modalities beyond CT. As well, the RECIST criteria replace
longest bi-directional diameters with longest uni-dimensional diameter as the representation of a
measured lesion [26]. RECIST defines response as a 30% decrease of the largest diameter of the tumor. For
a spherical lesion, this is equivalent to a 50% decrease of the product of two diameters. Current response
criteria were designed to ensure a standardized classification of tumor shrinkage after completion of
therapy. They have not been developed on the basis of clinical trials correlating tumor shrinkage with
patient outcome.

Technological advances in signal processing and the engineering of multi-detector row computed
tomography (MDCT) devices have resulted in the ability to acquire high-resolution images rapidly, resulting
in volumetric scanning of anatomic regions in a single breath-hold. Volume measurements may be a more
sensitive technique for detecting longitudinal changes in tumor masses than reliance on linear tumor
diameters as defined by RECIST. Comparative analyses in the context of real clinical trial data have found
volume measurements to be more reliable and often more sensitive to longitudinal changes in response
than the use of diameters in RECIST. As a result of this increased detection sensitivity and reliability, volume
measurements may improve the predictability of clinical outcomes during therapy compared with RECIST.
Volume measurements could also benefit patients who need alternative treatments when their disease
stops responding to their current regimens [29-32].

The rationale for volumetric approaches to accessing assessing longitudinal changes in tumor burden is
multi-factorial. First, most cancers may grow and regress irregularly in three dimensions. Measurements
obtained in the transverse plane fail to account for growth or regression in the longitudinal axis, whereas
volumetric measurements incorporate changes in all dimensions. Secondly, changes in volume are less
subject to either reader error or inter-scan variations. For example, partial response using the RECIST
criteria requires a greater than 30% decrease in tumor diameter, which corresponds to greater than 50%
reduction in volume of tumor. If one assumes a 21 mm diameter lesion (of 4850 mm3 volume), partial
response would result require that the tumor shrink to a in a diameter of less than 158 mm, but which
would correspond to a decrease in volume all the way down to 17702145 mm3. The much greater absolute
magnitude of volumetric changes is potentially less prone to measurement error than changes in diameter,
particularly if the lesions are irregularly shaped or spiculated. As a result of the observed increased
sensitivity and reproducibility, volume measurements may be more suited than uni-dimensional
measurements to identify early changes in patients undergoing treatment.

Table Summarizing Precision/reproducibility of volumetric measurements from clinical studies reported
in the literature
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1D Slice
Lesion Volumetry, Volumetry, Measuremen 1D, Mean Thickness
# of # of Size, 95% Cl of Measureme t,95% Clof Measureme /Recon
# of Patient Nodule Mean Organ Measureme nt Difference  Measuremen nt Difference Interval, Author,
Scan Reader Readers s s (range) System  nt Difference % t Difference % mm Year
Gietama
repeat 9.85 -21.2to etal.
scans intra-reader 1 20 218 mm lung, mets 23.8% 1.30% 1.0/0.7 2007 [9]
38 mm Zhao et
repeat (11-93  lung, -7.3% to al. 2009
scans intra-reader 3 32 32 mm) NSCLC -12t0 13.4% 0.70% 6.2% -0.60% 1.25/1.25 [11]
6.9 mm
(2.2- Wormann
same 20.5 setal.
scan intra-reader 1 10 50 mm) lung, mets -3.9t05.7% 0.90% not reported notreported 1.25/0.8 2004 [4]
6.9 mm
(2.2- Wormann
same 20.5 setal.
scan inter-reader 2 10 50 mm) lung, mets -5.5t06.6% 0.50% not reported notreported 1.25/0.8 2004 [4]
not 7.4(2.2— Wormann
repeat specifie 20.5 -20.4 to setal.
scans not specified d 10 151  mm) lung, mets 21.9% 1.50% not reported notreported 1.25/0.8 2004 [4]
not Wormann
repeat specifie -19.3 to setal.
scans not specified d 10 105 <10 mm lung, mets 20.4% 1.70% not reported notreported 1.25/0.8 2004 [4]
~1-9 coefficient of
same mm variance as
scan (5 intra-reader ? [25.3 large as
sets, 1 (consensus by (0.2— lung, 34.5% (95%
set/phas 2 readers), 3 x 399 noncalcifie Cl not Boll et al.
e) reading 2 30 73 mm?)] d nodules  reported) not reported notreported notreported 0.75/0.6 2004 [27]
10.8
mm
(2.8-
43.6
mm), lung,
same median  primary or Hein et al.
scan inter-reader 2 33 229 8.2mm mets -9.4t08.0% 0.70% -31.0t0 27% -2.00% 1.0/0.8 2009 [12]
inter-reader,
inter-
algorithms (6 not Meyer et
same readers x 3 reporte lung, 55% (upper 1.25/0.62 al. 2006
scan algorithms) 6 16 23 d nodules limit) not reported not reported notreported 5 [28]
3.16—
5195
mm’,
median 2.34-3.73% Marten et
same 182.22 % not 0.15to % not (p<0.05 1D al. 2006
scan intra-reader 2 50 202 mm’ lung, mets reported 0.22% reported vs 3D) 0.75/0.70 [7]
3.16—
5195
mm?,
median 3.53-3.76% Marten et
same 182.22 % not 0.22to % not (p<0.05 1D al. 2006
scan inter-reader 2 50 202 mm® lung, mets reported 0.29% reported vs 3D) 0.75/0.70 (7]
15-500
mm3
(effectiv
e Wang et
same diamete lung, -13.4to al. 2008
scan inter-reader 2 2239 4225 r3.1- nodules 14.5% 0.50% not reported  not reported 1.0/0.7 [10]
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1D Slice
Lesion Volumetry, Volumetry, Measuremen 1D, Mean Thickness
# of # of Size, 95% Cl of Measureme t,95% Clof Measureme /Recon
# of Patient Nodule Mean Organ Measureme nt Difference  Measuremen nt Difference Interval, Author,
Scan Reader Readers s s (range) System  nt Difference % t Difference % mm Year
9.8 mm)
8.5mm lung, 1.25or
same (<5 to noncalcifie 8.9 % (upper 2.5/not Revel et
scan intra-reader 2 24 52 18 mm) dnodules limit) not reported not reported notreported specified al.[6]
inter-reader
(3 readers x 3 8.5mm lung, 1.25or
same measurement (<18 noncalcifie 6.38 % 2.5/not Revel et
scan s) 3 24 52 mm) d nodules  (upper limit) not reported notreported notreported specified al. [6]
490
491 Abbreviations: 1D = unidimensional; mets = metastasis; Cl = confidence interval
492

493 Conventions and Definitions

494  Acquisition vs. Analysis vs. Interpretation: This document organizes acquisition, reconstruction, post-

495  processing, analysis and interpretation as steps in a pipeline that transforms data to information to

496  knowledge. Acquisition, reconstruction and post-processing are considered to address the collection and
497  structuring of new data from the subject. Analysis is primarily considered to be computational steps that
498 transform the data into information, extracting important values. Interpretation is primarily considered to
499  be judgment that transforms the information into knowledge. (The transformation of knowledge into

500 wisdom is beyond the scope of this document.)

501 Other Definitions:

502 Image Analysis, Image Review, and/or Read: Procedures and processes that culminate in the generation of
503 imaging outcome measures, such tumor response criteria. Reviews can be performed for eligibility, safety
504  or efficacy. The review paradigm may be context specific and dependent on the specific aims of a trial, the
505 imaging technologies in play, and the stage of drug development, among other parameters.

506 Image Header: The Image Header is that part of the file or dataset containing the image other than the
507 pixel data itself

508 Imaging Phantoms: Devices used for periodic testing and standardization of image acquisition. This testing
509 must be site specific and equipment specific and conducted prior to the beginning of a trial (baseline),

510 periodically during the trial and at the end of the trial.

511 Intra-Rater Variability is the variability in the interpretation of a set of images by the same reader after an
512 adequate period of time inserted to reduce recall bias.

513 Inter-Rater Variability is the variability in the interpretation of a set of images by the different readers.

514 A Time Point is a discrete period during the course of a clinical trial when groups of imaging exams or
515 clinical exams are scheduled.
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Model-specific Instructions and Parameters

For acquisition modalities, reconstruction software and software analysis tools, profile compliance requires
meeting the activity specifications above; e.g. in Sections 2, 3 and 4.

This Appendix provides, as an informative tool, some specific acquisition parameters, reconstruction
parameters and analysis software parameters that are expected to be compatible with meeting the profile
requirements. Just using these parameters without meeting the requirements specified in the profile is
not sufficient to achieve compliance. Conversely, it is possible to use different compatible parameters and
still achieve compliance.

These settings were determined to be reasonable by the QIBA CT 1C groundwork study team.

Sites using models listed here are encouraged to consider using these parameters for both simplicity and
consistency. Sites using models not listed here may be able to devise their own settings that result in data
meeting the requirements.

Table Model-specific Parameters for Acquisition Devices

IMPORTANT NOTE: The presence of a product model/version in the table does not imply it has
demonstrated compliance with the QIBA Profile. Refer to the QIBA Compliance Statement for the
product.

Acqglsmon Settings Compatible with Compliance
Device
kvp 120
‘Number of Data Channels (N) |64
‘Width of Each Data Channel (T, in mm) |0.625
GE Discovery . .
HD750 sct3 ‘Gantry Rotation Time in seconds |1
mA 1120
Pitch 0.984
‘Scan FoV |Large Body (500mm)
kvp 1120
‘Number of Data Channels (N) |16
Philips ‘Width of Each Data Channel (T, in mm) |0.75
Brilliance 16 ‘Gantry Rotation Time in seconds |O.75
IDT mx8000 ’Effective mAs |50
Pitch 1.0
Scan FoV 500
Philips kvp 1120
Brilliance 64 ‘Number of Data Channels (N) |64
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gzc\q,iuclzltlon Settings Compatible with Compliance
’Width of Each Data Channel (T, in mm) |0.625
’Gantry Rotation Time in seconds |0.5
‘Effective mAs |70
Pitch 0.798
‘Scan FoV |500
kvp 120
’Collimation (on Operator Console) |64 x 0.6 (Z-flying focal spot)
Siemens ‘Gantry Rotation Time in seconds |0.5
Sensation 64 | [Effective mAs 1100
Pitch 1.0
Scan FoV 500
kvp 120
‘Number of Data Channels (N) |64
_ ’Width of Each Data Channel (T, in mm) |O.5
;(c:ii]llik())an 64 ’Gantry Rotation Time in seconds |0.5
mA 25
’Phch L828
‘Scan FoV |Medium and Large

Table Model-specific Parameters for Reconstruction Software

IMPORTANT NOTE: The presence of a product model/version in the table does not imply it has
demonstrated compliance with the QIBA Profile. Refer to the QIBA Compliance Statement for the

product.

Reconstruction

Settings Compatible with Compliance

Software
‘Reconstructed Slice Width, mm |1.25
GE Discovery ‘Reconstruction Interval |1.0mm
HD750 sct3 ’Display FOV, mm |350
‘Recon kernel |STD
Philips ’Reconstructed Slice Width, mm |1.00
Brilliance 16 ’Reconstruction Interval |1.0mm (contiguous)
IDT mx8000 ‘Display FOV, mm |350
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Reconstruction

Settings Compatible with Compliance

Software
’Recon kernel |B
’Reconstructed Slice Width, mm |1.00
Philips ’Reconstruction Interval |1.0mm (contiguous)
Brilliance 64 |IDisplay FOV, mm 350
’Recon kernel |B
‘Reconstructed Slice Width, mm |1.00
Siemens ‘Reconstruction Interval |1.0mm
Sensation 64 |IDisplay FOV, mm 350
‘Recon kernel |B30
’Reconstructed Slice Width, mm |1.00
Toshiba ’Reconstruction Interval |1.0mm
Aquilion 64 ‘Display FOV, mm |350
’Recon kernel |FC11

Table Model-specific Parameters for Image Analysis Software

IMPORTANT NOTE: The presence of a product model/version in the table does not imply it has
demonstrated compliance with the QIBA Profile. Refer to the QIBA Compliance Statement for the

product.
Image
Analysis Settings Compatible with Compliance
Software
|a |<settings to achieve...>
Siemens |b |<settings to achieve...>
LunCARE |c |<settings to achieve...>
|d |<settings to achieve...>
|e |<settings to achieve...>
|f |<settings to achieve...>
GE Lung VCAR = =
|g |<sett|ngs to achieve...>
|h |<settings to achieve...>
R2 |i |<settings to achieve...>
ImageChecker |- = =
CT Lung ] <settings to achieve...>
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Image

Analysis Settings Compatible with Compliance

Software

System |k |<settings to achieve...>
|I |<settings to achieve...>
|m |<settings to achieve...>

(Deflnlens i |n |<settings to achieve...>

name specific - -

product) |o |<sett|ngs to achieve...>
|p |<settings to achieve...>
|q |<settings to achieve...>

:\/Iedlan i r <settings to achieve...>

name specific = .

product) s <settings to achieve...>
|t |<settings to achieve...>
u <settings to achieve...>

Intlo.:name v <settings to achieve...>

specific - _

product) w <settings to achieve...>
X <settings to achieve...>
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