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Quantitative imaging biomarkers could speed the devel-
opment of new treatments for unmet medical needs and
improve routine clinical care. However, it is not clear how
the various regulatory and nonregulatory (eg, reimburse-
ment) processes (often referred to as pathways) relate,
nor is it clear which data need to be collected to support
these different pathways most efficiently, given the time-
and cost-intensive nature of doing so. The purpose of this
article is to describe current thinking regarding these
pathways emerging from diverse stakeholders interested
and active in the definition, validation, and qualification of
quantitative imaging biomarkers and to propose processes
to facilitate the development and use of quantitative imag-
ing biomarkers. A flexible framework is described that
may be adapted for each imaging application, providing
mechanisms that can be used to develop, assess, and
evaluate relevant biomarkers. From this framework, pro-
cesses can be mapped that would be applicable to both
imaging product development and to quantitative imaging
biomarker development aimed at increasing the effective-
ness and availability of quantitative imaging.
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he United States Food and Drug

Administration (FDA) launched the

Critical Path Initiative (1,2) to ac-
celerate the adoption of new product
development and clinical evaluation meth-
ods, such as biomarkers, for demon-
strating safety and effectiveness. The
development of biomarkers for safety
and efficacy is also a major theme in the
European Innovative Medicines Initia-
tive (3,4). Quantitative imaging methods
have the potential to serve as biomark-
ers, to improve patient care and speed
the development of new treatments. Nu-
merous efforts are underway to develop
both specimen and in vivo biomarkers
(5-7). However, a great deal of work is
still needed to achieve efficient imple-
mentation, not just in individual research
laboratories but ultimately in general
use (8). Similar regulatory pathways are
required whether devices or drugs are
pursued separately, as has historically
been the case, or are to be consid-
ered together in the concept of drug-
diagnostic combinations (9) (sometimes
referred to as companion diagnostics).

Advances in Knowledge

B The process of imaging test
approval and clearance is related
to but distinct from biomarker
qualification, but both of these
are formal regulatory pathways.

B The term validation is used to
describe multiple activities but is
not in itself a regulatory pathway.

B Quantitative imaging offers con-
siderable capabilities in both
drug development and patient
care but needs appropriate clini-
cal evidence to be utilized.

B The biomarker qualification pro-
cess may be applied to quantita-
tive imaging biomarkers if it is
interpreted to encompass terms
and activities associated with
imaging.

B Evidence accumulated in one
pathway may be contributory to
other pathways if accommoda-
tion for this is considered early
enough to meet the requirements
of both intended pathways.
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Implications for Patient Care

B The promise of quantitative imag-
ing biomarkers for increasing the
efficiency of drug development, as
well as for creating new models
for clinical trial designs, should
speed the availability of promising
novel therapeutics to patients.

B The ability to accommodate col-
lection of clinical evidence for
devices, software, and contrast
agents into stakeholder business
models would provide greater
incentives for companies to pro-
duce and market them for
improved patient care.

B [ncreasing use of quantitative
imaging techniques should make
patient care more objective, con-
sistent, and personalized.

Definition of Biomarker

The currently accepted definition of a
biomarker is “a characteristic that is
objectively measured and evaluated as
an indicator of normal biologic processes,
pathogenic processes, or pharmacologic
responses to a therapeutic intervention”
(10). This definition carries practical
implementation implications, as does
the extended definition, “A biomarker is
a validated disease characteristic which
can be reliably measured in a cost-
effective, repeatable and generalizable
manner, and which acts as a meaningful
surrogate for disease presence, absence,
activity, or outcome in individuals or
groups with the disease process” (11).
These broad definitions include in vitro
diagnostic measurements made from bi-
ologic fluids (eg, low-density lipoprotein
cholesterol), measurements made from
solid-tissue pathologic specimens (eg,
tumor estrogen receptor status), physi-
ologic and biophysical measurements
(eg, electrocardiographic data, blood
pressure), and measurements from im-
ages (eg, tumor size, tumor pharma-
cokinetics, rheumatoid erosions).

Biomarkers can be classified as
follows:

1. Diagnostic or prognostic (bio-
marker measurement improves accuracy
of patient diagnosis or prognosis)

2. Predictive (biomarker measure-
ment predicts which treatment would
be most beneficial or not)
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3. Response (change in biomarker
after treatment predicts whether treat-
ment will lead to beneficial outcome)

4. Monitoring (regular measurement
of quantitative imaging biomarker to de-
tect relapse or emergence of toxicity)

Because biomarkers are useful only
if they provide additional accuracy in
predicting clinical outcome beyond that
which is attained without them, ulti-
mately, objective evidence regarding their
relationships with health status must be
established (12). Quantitative imaging
biomarkers are usually used in concert
with other types of biomarkers and with
clinical end points (eg, patient-reported
outcomes, survival). In addition, imaging
and other biomarkers are often essen-
tial to the qualification of each other.

In 2009, the Toward Quantitative
Imaging task force of the Radiological
Society of North America (RSNA) de-
veloped a working definition of quanti-
tative imaging (12):

Quantitative imaging is the extraction
of quantifiable features from medical
images for the assessment of normal
or the severity, degree of change, or
status of a disease, injury, or chronic
condition relative to normal. Quanti-
tative imaging includes the develop-
ment, standardization, and optimiza-
tion of anatomical, functional, and
molecular imaging acquisition proto-
cols, data analyses, display methods,
and reporting structures. These fea-
tures permit the validation of accu-
rately and precisely obtained image-
derived metrics with anatomically and
physiologically relevant parameters,
including treatment response and out-
come, and the use of such metrics in
research and patient care.

The FDA makes a distinction be-
tween approval (or clearance) of a di-
agnostic drug or device for commer-
cialization purposes and qualification
of a measurement itself for use as a
biomarker in clinical trials. Approval is
based on a demonstration of safety and
effectiveness. The criteria for effective-
ness are different for devices, which are
approved by the FDA Center for Devices
and Radiological Health (CDRH), ver-
sus drugs, which are approved by the
FDA Center for Drug Evaluation and

Research (CDER), because their rela-
tive risks are generally considered to
be different. Furthermore, the criteria
for effectiveness will depend on the la-
beling claim that the sponsor is pro-
posing. (See Appendix E1 [online] for an
example use of the pathways.)
Qualification is a measure of the use
of a biomarker in a specific context (13):

That context may be selecting or de-
selecting people for a clinical trial,
monitoring drug-induced toxicity, or
some other purpose. The amount of
evidence needed to qualify a biomarker
for a given purpose is related to the
consequences of using the result to
make decisions, such as whether to
pursue the development of a drug
or whether to withhold a drug from
individuals in a clinical trial. Qualifi-
cation requires context-specific mea-
surement of the performance of the
biomarker in relation to an outcome
or outcomes of interest.

The FDA uses the term validation
to refer to the analytic or technical
(design) performance of a test or de-
vice. Demonstrating technical perfor-
mance requires a stable platform and
the establishment of standards that fa-
cilitate the linking of results across per-
formance sites. Validation also requires
study of variability among users and
among performance sites. Both approval
and qualification require prior valida-
tion, but validation is not sufficient to
achieve approval or qualification.

Because the purposes of approval
and qualification are different, and be-
cause the pathways to achieve them
within the FDA are different, it is pos-
sible for devices capable of elucidating
a quantitative imaging biomarker to be
approved but the quantitative imaging
biomarker elucidated by them not to be
qualified, or conversely for a quantita-
tive imaging biomarker to be qualified
but not supported by products approved
for market. It may also not be evident
what data are needed to support these
different pathways most efficiently, given
the time- and cost-intensive nature of
data collection. It is also not always clear
which clinical trial design is best for a
given purpose (14), nor has a mechanism

been in place to allow data from activi-
ties related to the use of medical im-
aging in clinical trials (ie, qualification)
be used to directly support regulatory
labeling changes for clinical care (ie,
claims). If there were clearer processes
and precedents to allow parties to re-
use data from one pathway to another,
it would substantially enhance the value
proposition for individual stakehold-
ers and very likely speed the time-to-
market of qualified methodologies (15).

The need to clarify and streamline
the regulatory pathways is a critical is-
sue for the diagnostic device and drug
industry because their financial return
on investment is often not favorable in
the current model of discovery, develop-
ment, approval, and commercialization.
Imaging test discovery and development,
followed by technical validation and ap-
proval, are generally pursued by manu-
facturers, whereas quantitative imaging
biomarker qualification is usually under-
taken by technology users such as prac-
ticing physicians and medical research-
ers. If the groups and data involved in
these two activities (approval and quali-
fication) could be brought into closer
alignment, the efficiencies could trans-
late into better diagnostic products in
the health care marketplace.

The regulatory organizations that
approve imaging tests, those that qual-
ify quantitative imaging biomarkers, and
those that make payment decisions have
different objectives. Interagency coordi-
nation is needed to provide clear and
efficient pathways. Regulatory issues are
even more complex when other jurisdic-
tions are considered, an important con-
sideration for device and contrast agent
manufacturers, who may need to recoup
their investments through global sales.

The purpose of this article is to sug-
gest an approach to minimize these hur-
dles. Our descriptions of regulatory path-
ways and procedures are drawn from
FDA Guidances and other published ar-
ticles, from experiences of many of the
authors, and from discussions with FDA
staff members. However, the opinions
expressed in this article do not represent
official FDA policy. Terms and abbrevia-
tions are summarized in Appendix E2
(online).
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Process Maps

In November 2006, the RSNA convened
a group of stakeholders to advise it on
what role it could most constructively
play with regard to imaging biomarkers.
The RSNA subsequently initiated, and
continues to sponsor, multiple initiatives
to promote the objective extraction of
quantitative information from clinical
images (16). It sees this approach as the
appropriate one to stimulate the neces-
sary groundwork to support use of im-
aging as a biomarker (6,7,16). The ini-
tial focus has been on imaging in clinical
trials, with the intent to generalize to
imaging in clinical care. The Quantita-
tive Imaging Biomarkers Alliance arose
from a public session at the 2007 RSNA
Annual Meeting. It first met as a group
in May 2008. The Imaging Biomarkers
Roundtable has met once or twice an-
nually for the past 2 years. Together,
members have built on previous work
to develop consensus positions on pro-
cess maps for both imaging devices and
contrast agents for application in clini-
cal care and clinical trials. These maps
provide a flexible framework that may
be adapted for each biomarker, provid-
ing a mechanism to develop, assess, and
evaluate them. We consider here only
imaging biomarkers that require an ele-
ment of quantitation and standardiza-
tion to allow useful within-patient or
between-patient comparison. The activi-
ties focused on in this discussion are
subsequent to the initial discovery and
development of imaging techniques, the
steps of which are generally well de-
scribed in the literature (17).

The proposed relationships among
four related, but semi-independent, ac-
tivities are shown in Figure 1.

Quantitative imaging test approval is
an extension of the general concept of
“design validation” for the commercial-
ization of a medical device intended to
perform a quantitative imaging test. The
FDA Quality System Regulation 820.3
indicates that “Design validation shall
ensure that devices conform to defined
user needs and intended uses and shall
include testing of production units un-
der actual or simulated use conditions”
(18). Design validation is undertaken by

Quantitative Imaging Test Discovery, Development, and Validation
[Private & Academic Sectors]

Path when clinical use is pursued first
(though can proceed to qualification later)

Path when use is
established in clinical

Quantitative Imaging Test Approval

[National regulatory agencies, e.g., FDA CDRH]

trials first (though
feedback path would
allow its use in

clinic later)

Feedback path fo

Intended use (usually initially having no
claim of surrogacy but which could be
extended if further clinical data could be
collected)

Evidentiary Studies for
Coverage Decisions
[Payer organizations,
e.g., CMS]

Reimbursable based

on accumulated evidence
of necessary and
reasonable use

Use in Routine
Clinical Care

Figure 1:

provide evidence
to extend initial
intended use for
new, stronger,
clinical claim

Quantitative Imaging Biomarker
Qualification
[National regulatory agencies,
e.g., FDA CDER]

Initial intended use now extended
to stronger association with
mechanism-of-action or surrogacy

Use in Drug
Development

Flowchart shows interrelated activities, with feedback. From a regulatory point of view, the intro-

duction of new technology solutions for medical purposes is generally considered as applying to either clini-
cal research or clinical practice. In the United States, these activities generally follow different requirements
and are administered by different departments within the agency. Quantitative imaging is relevant to both
clinical research and clinical practice, but in the absence of an organized effort to do so it is generally difficult
to utilize evidence across both of these uses owing to differences in expectations and requirements related to
the collection and interpretation of evidence. To meet constraints imposed in both the use and the business
models of sponsors, it may be possible to organize efforts that enable efficient and effective study designs to
address multiple needs from collective activities. CMS = Centers for Medicare and Medicaid Services.

medical physicists, biochemists, and en-
gineers in collaboration with physicians.
Quantitative imaging biomarkers may
require the use of any combination of
the following: (a) an approved device
used in a novel way, (b) an investigational
device, (c) an approved imaging agent
used in a novel way (ie, off label), and
(d) an investigational imaging agent.
Hardware and software consider-
ations usually dominate when an endog-
enous contrast mechanism is exploited
or an approved exogenous imaging agent
(eg, radionuclide tracers such as fluorine
18 ['8F] fluorodeoxyglucose [FDG], io-
dinated x-ray or computed tomography
|CT] contrast agents, gadolinium chelate—
based contrast agents for MR imaging,
microbubble contrast agents for ultra-
sonography) is used. If an investigational

exogenous contrast agent is required,
the potential toxicologic or radiation bio-
logic risks of the tracer become primary
considerations in developing a quantita-
tive imaging biomarker.

To optimize a methodology, a thor-
ough understanding of the physical and
biochemical basis of the imaging mea-
surement is essential. However, to de-
sign a quantitative imaging biomarker
that is fit for a purpose, its intended
purpose must be clearly specified. Spe-
cifically, exploratory imaging tests are
developed, in part, through use of the
Investigational Device Exemption mech-
anism of the FDA CDRH for imaging
hardware and software components or
through use of the Investigational New
Drug mechanism of the FDA CDER for
imaging agents.
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Figure 2

Imaging Biomarker Qualification Process

Sponsoring Collaborative

National Requlatory Agencies

A i echnical Request 1) Informal discussion of a potential bi spansor
atERae | BE) | lecer | S| ik ihe Biomarker Quafiation Coordinator (BQC)
= 2) Biomarker Sponsor submits to BQC a written -
B) Phantom and other controlled condition support request for qualification of an expk bi k =
material for “stand-alone” assessment and required initial - =
and ongoing guality control specifics 3) BQC evaluates qualification request _E
C) Implement and refine protocols for the intended use 4) Biomarker Qualification Management Team ;f
(BQMT} accepts or declines the sponsor's request to =
D) Process map detailing steps contemplated o support proceed with qualification process g
«qualification of the biomarker =
- 5) Biomarker Qualification Review Team (BQRT) &
£)a & & q iefing from bi sponsar =
sensitivityand specificity for readers using the imaging - z
testwheninterpreted a5 a biomarker under specified ‘ Briefing 6)BQ Project Manger schedules face-to-face meeting =
conditions Document between the sponsor and the BQRT =
T)BQRT evaluares the briefing document and prepares §
for the Biomarker Qualification face-to-face meeting 2
%
. ES
F) Clinical efficacy groundwark ta qualify biomarker forits FBOET Al SRR
intended use in the approprate “real world” imaging 9)BQRT identifies and requests additional data from
conditions spensor
G) Draft advice guidance on incorporation of imaging Full Data 10) BQRT |
blomarker into clinical trisls i ) | racage | | beek
5
H) of the through Signoff
Figure 2:  Chart shows quantitative imaging biomarker qualification process. A detailed following of the FDA

process is shown, where steps outlined on the right are steps within the regulatory agency and steps outlined
on the left are steps that a collaborative activity of industrial sponsors, practicing clinicians, and academic
stakeholders may take to pursue biomarker qualification. Processes in other geographic areas such as Europe
and Asia differ somewnhat, but cooperative activities across the agencies have worked to minimize differences
and ideally allow parallel or near parallel pursuit in multiple countries at the same time. BADS = Biomarker

Qualification Data Submission.

If an existing device is already on the
market (referred to as a predicate de-
vice) for the claimed intended use of an
imaging test and the risk of the device is
deemed moderate, clearance is pursued
according to Section 510(k) of the Food,
Drug, and Cosmetic Act (19). If, however,
the risk of the device is not moderate
or if there is no extant predicate device,
then additional steps are necessary.
When there is a predicate device, but
the risk is considered more than mod-
erate, a premarket approval (PMA) is
required (20). When the risk is consid-
ered moderate but there is no predicate
device, a de novo 510(k) is required,
possibly following a 513(g) request for
classification. Level of risk is based on
intended use. If there is no predicate
and the use is considered high risk,
then a PMA is needed. Likewise, if a
sponsor takes a product cleared for a
general use to a specific use, CDRH can

and may ask for more clinical data, as
in the example of uterine artery em-
bolization claims for general embolic
agents. For the combination of a new
agent (investigational new drug) with
an established imaging test, there may
still be a need for an investigational de-
vice exemption or PMA if the resulting
application is a new claim for an exist-
ing imaging method.

The quantitative imaging biomarker
qualification pathway starts with an im-
aging test that has undergone technical
validation and has been approved for
use under some initial claim. The ini-
tial intended use need not indicate a
mechanism of action and generally does
not make a “strong” claim of clinical
relevance, pending the accumulation of
clinical data.

Imaging tests are sometimes re-
ferred to as imaging assays to empha-
size a similarity with their nonimaging

counterparts and may be utilized in dif-
ferent ways. “Integral assays refer to tests
that must be performed for the trial to
proceed, whereas integrated assays in-
clude assays that will be performed on
all samples or cases (for imaging stud-
ies) but are not required for the trial
to proceed and will not inform treatment
decisions or actions within the current
trial” (21). Integral assays are typically
associated with inclusion criteria or pri-
mary end points, while integrated assays
are typically associated with secondary
end points or exploratory analyses. The
requirements for integrated assays are
generally less restrictive (12), but they
should also be handled as rigorously as
practical, since they may, in fact, be-
come integral at some future point.

We utilize concepts and language
from the current FDA process for the
qualification of biomarkers (22-24) to
make clear the specific steps necessary
for a sponsoring collaborative to use it
for qualification of putative quantitative
imaging biomarkers. This is shown in
Figure 2.

In Figure 2, actions by the sponsor
are indicated on the left. Actions by
national regulatory agencies (eg, FDA,
European Medicines Agency) are indi-
cated on the right, and documents used
to facilitate the communication are in-
dicated in the center. It should be noted
that the sponsor in this schematic could
be a collaborative enterprise rather than
a single commerecial entity, to reflect the
multi-stakeholder nature of the activity.

Evidentiary Studies for Coverage
Decisions

Data from clinical trials are necessary
for technical validation and approval of
imaging tests and quantitative imaging
biomarker qualification. Payer coverage
decisions are often focused on compara-
tive analysis of published clinical trial
reports. The time delay inherent in large
randomized clinical trials is often per-
ceived to be an impediment to dissemi-
nation of useful medical products or
procedures. Consequently, the research
community has recently been exploiting
observational studies that can gener-
ate large amounts of data at reason-
able cost and that can be used to inform
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coverage decisions that support public
policy (25). However, there are con-
troversies about the conclusions that
can be drawn from observational trials
because of the effects of unknown and
uncontrolled biases.

Large clinical studies and trials are
expensive and lengthy. The use of quan-
titative imaging biomarkers, both to
shorten drug development and to more
effectively monitor treatment efficacy,
would be in the financial interests of
payers and thus be worthy of reim-
bursement (26). This in turn provides
justification for sponsors to invest in
their development.

Steps for Imaging Test Approval

When an imaging test reaches the
point where its utility has been dem-
onstrated in well-controlled settings,
whether by an individual sponsor or by
a collaboration, the following steps must
be completed prior to commercializa-
tion (27,28):

1. Make available the following de-
claratory information from the discov-
ery and initial development phases:
(a) Statement of the claimed intended
use of the imaging test, which must
be clearly articulated before initiating
technical validation studies so that ap-
propriate data are generated to support
that use. (b) Summary of current Good
Manufacturing Practices issues as they
relate to producing the imaging test. (¢)
Adherence to quality system require-
ments for the devices and software used
to perform the imaging test (29). These
should ideally be as generic as possible,
and not be restricted to one particular
brand of device or software. (d) As-
surance that the device is reasonably
safe—that is, that the benefits of the
procedure (either to the individual patient
or to medical knowledge as a whole)
outweigh the risks to the patient. Safety
includes the consequences of false-
positive and false-negative results for
the patient, as well as how diagnostic
testing can harm a patient (either in the
short term or the long term) (eg, ion-
izing radiation, adverse contrast agent
reactions, complications arising from
the imaging procedure). (e) Imaging
type and volume and method of delivery

VolumetricCT
Example g

Quantitative Imaging Test Discovery, Development, and Validation
[Private & Academic Sectors]

§

7 'antitatix'e}_maging Test Appro\al

[National&gulatory agencies, &.£., FIJ
’yak Zﬂﬁm\

1
Evidentiayy Studies for
Coverage Decisions
[Payer npanlzations,
6 2.g., CMS]
— v 3
4

I
!
¥
Use in Routine
Clinical Care

Quantjtative Imaging Biomarker
I Qualification
[I\I;‘iJnal regulatory agencies,
8., FDA CDER]
AJ

Use in Drug
Development

Figure 3:  Volumetric image analysis with CT serves as an example of how the interrelated
activities outlined in Figure 1 may be pursued for this marker. The numbered sequence refers to
the chronologic order in which steps may be accomplished, on the basis of the current state of
the marker and projecting possible steps that may be undertaken by the community to advance
the marker. CMS = Centers for Medicare and Medicaid Services.

of any imaging agents. Note that there
is a difference between imaging mo-
dalities that require 100% agent or
tracer use, such as nuclear medicine
modalities, and those that use an en-
hancement agent only for a portion of
studies. This may affect the choice of
comparator and reference standard,
thus complicating the design of clinical
studies. The choice of imaging agents
should ideally be as generic as possible
(eg, several gadolinium chelates per-
mitted) and not be restricted to one
particular tracer unless this is scientifi-
cally justified.

2. Acquire or develop reference
object(s) (phantoms) and other support
material(s) for controlled experimenta-
tion and ongoing quality control (QC).
This serves as the basis for “stand-alone”
assessment (with the caveat that phan-
toms can never replicate in vivo imaging
conditions, nor can they adequately
cover the variety of imaging applica-
tions at reasonable cost). Well-controlled
and defined reference objects, however,

enable study design and allow planning
for statistical analysis of the data. (a)
For maximum applicability and impact,
both healthy and disease states must
be reflected in both objects and digital
reference data sets across the range
expected in the full target population.
(b) Tmplementation of a comprehensive
QC program, including the process for
initial acceptance of an imaging device,
as well as required ongoing QC pro-
cedures, data analysis, and reporting
requirements.

3. Implement and refine protocols
that include recommended operating
points for acquisition, analysis, inter-
pretation, and QC, according to the
documented intended use, and develop
and merge training and test data sets
from various sources to support the
technical performance of the imaging
test. (a) Algorithms included in the im-
aging test for data and results interpre-
tation must be prespecified before the
study data are analyzed. Alterations
of the algorithm to better fit the data
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are generally not acceptable and may
invalidate a study. (b) High-level descrip-
tions of the processing hardware and
software, highlighting potential weak-
nesses, should be provided.

4. Define and iteratively refine the
imaging test and its protocol, includ-
ing assessment of intrinsic imaging unit
variability, minimum detectable change,
and other aspects of imaging test per-
formance in controlled conditions. In-
clude subject variability associated with
the physiologic and pathophysiologic
processes for which such imaging tests
are being developed. (a) Sources of im-
aging test variability should be evaluated
through studies that characterize repro-
ducibility, limits of detection, and limits
of quantification. (b) Prospective trials or
collections of samples may sometimes be
necessary for certain intended-use claims
or to exclude biases that could arise
from the use of existing images. (¢) Data
to support proposed cut points (ie, de-
cision thresholds), if imaging results are
not reported as a continuous variable,
and performance characteristics (includ-
ing sensitivity, specificity, and accuracy)
are reported to complete this step.

5. Assess intra- and interreader
(consistent with intended use) test-
retest statistics in real operating condi-
tions: To show the clinical performance
of an imaging test, the sponsor gener-
ally needs to provide performance data
for a properly-sized data set, acquired
with a validated system that represents
a true patient population in which the
test will be used. For most novel devices
or imaging agents, this is the pivotal
clinical study that will establish whether
performance is adequate.

Steps to Quantitative Imaging Biomarker
Qualification

To facilitate the qualification, a sponsor-
ing collaborative may be used to lever-
age efforts. The sponsoring collaborative
seeks to:

1. Make available the following de-
claratory information from the Imaging
Test Approval process described above:
(a) a mechanistic understanding or “ra-
tionale” of the role of the feature(s) as-
sessed with the imaging test in healthy
and disease states. (b) A statement of
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Figure 4:  Standardized uptake value in FDG PET serves as an example of how the interrelated
activities outlined in Figure 1 may be pursued. This image may be read by itself, as well as com-
pared with Figures 3 and 5 to highlight the differences in sequence that may be pursued by the

community as appropriate for each marker. CMS = Centers for Medicare and Medicaid Services.
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Figure 5: The use of FMISO PET to evaluate hypoxia serves as a third example highlighting
the different sequence of activities that may be pursued, in this case as applying to a marker
that has been the subject of considerable interest but that may not be as mature as the
examples given in Figures 3 and 4. CMS = Centers for Medicare and Medicaid Services.
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value to stakeholders (eg, patients, man-
ufacturers, biopharmaceutical compa-
nies) expressed in the context of the al-
ternatives (eg, with explicit reference to
methods that are presently used in lieu
of the proposed biomarker) as opposed
to in an “absolute” sense that may ap-
pear arbitrary. (c¢) Statements indicating
whether the test is quantitative, semi-
quantitative, or qualitative (descriptive);
what platform will be used; what is to be
measured; controls; scoring procedures,
including the values that will be used
(eg, positive vs negative; 1+, 2+ 3+); in-
terpretation; and so forth.

2. Describe phantom and other con-
trolled condition support material for
stand-alone assessment and required
initial and ongoing QC specifics (as in
the Steps for Imaging Test Approval
process described above).

3. Implement and refine protocols
for the intended use, and develop a pro-
cess map detailing the steps in consid-
eration to support qualification of the
quantitative imaging biomarker. (a) De-
tailed descriptions of the procedures to
be used for image acquisition and analy-
sis and interpretation of the quantitative
imaging biomarker as a clinical metric
should be included. (b) Procedures to
be used when results are not inter-
pretable or are discrepant from other
known test results must be described;
this is especially important for imaging
tests used for eligibility or assignment to
treatment armes.

4. Develop a process map detailing
steps intended to support qualification
of the quantitative imaging biomarker.
(a) Description of information on the
statistical design used to establish the
correlation with the clinical parameter
of interest should be provided. (b) Steps
to determine intrareader test-retest per-
formance across vendors and centers in
all relevant operating conditions should
also be included.

5. Perform clinical performance
groundwork to characterize sensitivity
and specificity for readers using the im-
aging test when interpreted as a bio-
marker in specified conditions. This will
include: (a) Performance of necessary
studies to the extent that the litera-
ture does not already fully support the

processmap. These may be retrospective
or prospective. (b) Development of a
briefing document for the regulatory
agency that describes all known evidence
accumulated that pertains to the quan-
titative imaging biomarker’s qualifica-
tion and that lays out a plan to complete
steps to conclude the qualification pro-
cess. (c¢) Pursuit of a face-to-face meeting
with the regulatory agency Biomarker
Qualification Review Team to elicit agency
feedback on the clinical performance
results, as well as the plan to complete
the “full data package.”

6. Perform clinical efficacy ground-
work to qualify the quantitative imaging
biomarker for its intended use in the
appropriate “real world” imaging condi-
tions (30), to include the following: (a)
Extension of prior results to interreader
variability and test-retest reproducibil-
ity in multivendor, multisite settings. (b)
Meeting with the Biomarker Qualifica-
tion Review Team to elicit regulatory
agency feedback on the clinical efficacy
study results for the purpose of obtaining
agency acceptance that the quantitative
imaging biomarker becomes known as
qualified.

7. Draft guidance on incorporation
of the quantitative imaging biomarker
into clinical trials.

8. Promote use of the quantitative
imaging biomarker through education.

Example Process Maps for Quantitative
Imaging Biomarkers Currently of Interest

The flow of activity for volumetric im-
age analysis for therapy response in
cancer by using CT starts with the cur-
rent state and extends to the future ac-
tivities that would exploit the marker
(Fig 3).

1. Vendors have developed, and are
refining, volumetric CT applications.

2. Many of these solutions have been
approved by CDRH, but with weak in-
tended use (no explicit connection with
biology or response).

3. A sponsoring collaborative would
make a connection to response by qual-
ifying the class of devices for clinical re-
search in an indicated disease setting.

4. These “qualification data” would
be available to be contributory as evi-
dence for individual device sponsors as

they reregister their products (if they
are already a compliant implementa-
tion) or as they reengineer them (to
become compliant).

5. Given the availability of these data,
individual vendors can pursue approval
for their volumetric CT products, but
now with stronger claims as established
in the qualification activity.

6. The qualification data collected
would provide the scientific basis for
reimbursement.

A different situation is represented
by '"8F-FDG positron emission tomogra-
phy (PET) (Fig 4). In this case, the flow
of activity, starting with the current sta-
tus and extending to the future activities
to exploit the marker, is as follows:

1. Vendors have developed and con-
tinue to refine FDG-related products
(hardware, software, the agent).

2. Products have been approved by
CDRH using the approval pathway, and—
based partly on data from the National
Oncologic PET Registry-they are reim-
bursed for clinical care, but only for
disease stratification and diagnosis, not
in quantitative applications for therapy
monitoring.

3. A sponsoring collaborative would
qualify the class of devices for clinical
research applications by following the
qualification pathway.

4. Data collected during the quali-
fication activity, substantiating perfor-
mance as a response measure, could be
referenced by vendors to add therapy
monitoring (and thereby expand their
market) as a new indicated use (claim).
This would be done by establishing com-
pliance with the class by referencing
data collected as part of the qualifica-
tion pathway in the validation pathway.

5. These qualification data would
be available to be contributory as evi-
dence for individual device sponsors as
they reregister their products (if they
are already a compliant implementation)
or as they reengineer them (to become
compliant).

6. Payers could extend coverage de-
cisions to include therapy monitoring as
an additional code for reimbursement.

7. Subsequently, the intended use
claims may be extended to additional
settings (eg, tumor types or subtypes)
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and/or for different therapeutic ap-
proaches (eg, cytotoxic vs targeted
therapy).

PET with '8F-fluoromisonidazole
(FMISO) applied for purposes of mea-
suring tissue hypoxia can be used to
illustrate a different scenario (Fig 5).
In this case, the complexity of taking
the new tracer through qualification is
dominant. While there are issues related
to the instrumentation and the software
and algorithms for analysis, there are
certainly going to be issues around the
agent and its reliable and reproducible
manufacture according to current “good
manufacturing process” requirements
and validation at different sites, which may
be more of an obstacle to disseminated
use than the instrumentation aspects.
With this understanding, the flow of ac-
tivity, beginning with the current status
and extending to future activities that
would exploit the marker, includes:

1. Vendors develop and refine FMISO
imaging methods for hypoxia.

2. The first application might be in
clinical trials and not clinical care, so
qualification would precede approval to
market.

3. The qualification data may be
used by vendors if they also intend to
sell a product for clinical care to effi-
ciently seek approval from the CDRH.

4. Ultimately, payers might make
decisions on the basis of already col-
lected qualification data, or with addi-
tional collection performed by using a
model similar to that used by the Na-
tional Oncologic PET Registry.

Advances in technology have made im-
aging an essential component of health
care. Many screening, diagnostic, and
therapeutic decisions are based on imag-
ing data. When used as biomarkers, im-
aging technologies have the potential to
speed the development of new products
to improve patient care. However, to fully
realize the potential of medical imaging,
quantitative imaging biomarkers ideally
must be both approved and qualified.
Whether biomarkers are imaging
based or specimen based (obtained from
serum, plasma or tissue), we hope that

guidance on clear, efficient, and robust
processes will pave the way for an in-
creased number of approved and quali-
fied specific biomarkers. In this way, it
will be possible to use a variety of impor-
tant measures to assess how therapies
in development might modify disease
pathways. Many of these markers will
subsequently aid in regulatory review of
New Drug Applications and, ultimately,
support commercialization of products
for clinical practice as stand-alone diag-
nostics or as diagnostics associated with
therapeutics.

By using the steps listed in this arti-
cle, it is possible to create process maps
for regulatory pathways that cover de-
velopment and clinical evaluation of im-
aging tests as biomarkers to answer a
variety of questions in therapy develop-
ment such as efficacy; patient selection;
pharmacokinetic, pharmacodynamic, and
biologic effects; and so forth.

We propose improvements to the
current mechanisms. Specifically, we clar-
ify the relationships among the related
but distinct pathways of imaging test
and quantitative imaging biomarker de-
velopment and propose two important
modifications:

1. Document the steps needed by
a collaborative sponsor to qualify quan-
titative imaging biomarkers under the
national regulatory agencies (includ-
ing the FDA), thereby accelerating the
use of quantitative imaging for clinical
research.

2. Suggest a feedback path to allow
use of data collected to qualify a quan-
titative imaging biomarker (across a
multiplicity of implementations) to be
contributory as evidence for individual
device sponsors to use in seeking market
approval of individual implementations,
thereby accelerating commercialization.

These clarifications and additions are
needed to unlock the potential of the
imaging device and contrast agent in-
dustries at this rapidly changing stage
of health care evolution.

This article clarifies the relationships
among the related but distinct regula-
tory pathways needed for quantitative

imaging biomarker development and
dissemination, in addition to describing
mmportant modifications to facilitate their
adoption. Formal application of these
processes and process maps requires
both specific pursuit of the examples
given here and proactive engagement
with regulatory officials. The Quantita-
tive Imaging Biomarker Alliance is pres-
ently engaged in these activities and will
continue to provide updates to the com-
munity as we progress.
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