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Abstract

Purpose of Review The regulatory steps necessary to bring new PET radiopharmaceuticals to the clinic will be reviewed.
The US Food and Drug Administration (FDA) provides approval to manufacture and use diagnostic radiopharmaceuticals,
including those for cardiovascular PET/CT. Medicare not only provides insurance reimbursement for imaging procedures
for its beneficiaries but also sets an example for third-party insurers to cover these procedures.

Recent Findings FDA provides extensive guidance for performing studies to obtain the safety and efficacy data needed
to approve PET radiopharmaceuticals, and the pace of approval has recently increased. There also has been considerable
progress in insurance coverage for PET by Medicare. Several promising agents for cardiovascular PET imaging are in the
development pipeline. Challenges remain, however, including low levels of reimbursement and the application of appropri-
ate use criteria for imaging procedures.

Summary It is important for cardiologists to understand the regulatory steps involved in translating PET radiopharmaceu-
ticals to the clinic. Recent progress in both FDA approvals and Medicare coverage should facilitate the clinical use of new
PET agents for molecular imaging of the heart.

Keywords PET/CT - Radiopharmaceuticals - Regulatory approval - Medicare coverage - FDA - CMS

Introduction is granted by the US Food and Drug Administration (FDA).
Insurance coverage is provided by the Centers for Medi-
care and Medicaid (CMS) for individuals 65 years and older
(“Medicare”) and by a complex system of private and public

insurance providers for the rest of the population.

The past three decades have seen tremendous advances in
the contribution of molecular imaging to clinical care [1].
Recently, more PET radiopharmaceuticals have become
available, and PET/CT is transforming clinical care in
oncology, cardiology, and neurology. The path for a new
molecular imaging agent from discovery and preclinical
studies to first use in humans and translation to the clinic
can be challenging, however. This review will focus on the
two key steps necessary for the translation of a PET molecu-
lar imaging agent to the clinic: (1) regulatory approval for

Preclinical Studies of PET
Radiopharmaceuticals

The first-in-human use of a PET radiopharmaceutical is pre-
ceded by a series of preclinical studies [2—4]. After identi-

a manufacturer to market a diagnostic radiopharmaceutical
and (2) insurance coverage so that the provider of the imag-
ing procedure is reimbursed. In the USA, marketing approval
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fication of the proposed clinical need, candidate molecules
to image the biological or pathological target of interest are
studied in vitro. Experiments explore the expression of the
target in tissue, the molecules’ binding to the target, and
target versus non-target binding. This leads to identification
of one or more lead agents and their translation to animal
studies. These are typically performed in rodents, but often
include larger animals and models of the human disease of
interest. Studies include the agent’s imaging characteristics,
target specificity, biodistribution and excretion over time,
in vivo stability and metabolism, and estimated radiation
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dosimetry. Safety data are obtained, including studies for
toxicology and pharmacologic effects. The synthesis of the
radiopharmaceutical is refined and standardized. It should
be manufactured in the same way as for the planned first-
in-human studies, so that the preclinical results are trans-
latable to humans. Current Good Manufacturing Practice
(cGMP) methods must be used to ensure the agent’s quality
and safety [See, 6, 7ee].

FDA Regulation of Diagnostic
Radiopharmaceuticals

The administration of PET radiopharmaceuticals to humans is
governed by the same general FDA regulations as for therapeu-
tic drugs. “Investigational use” is the term for human studies
that acquire the data needed by the FDA to approve a radi-
opharmaceutical for clinical use. Requests to perform these
studies are submitted to the FDA via an Investigational New
Drug (IND) application. Clinical use of a radiopharmaceutical
subsequently occurs only after the FDA receives and approves
a New Drug Application (NDA) from a manufacturer to mar-
ket the agent for a specific indication. (Research use of PET
radiopharmaceuticals in academic medical centers to study
biochemical or physiological processes is also FDA-regulated.)

FDA guidance documents describe how investigations
should be designed to obtain approval of PET radiopharma-
ceuticals. Investigational studies must show that the diagnostic
radiopharmaceutical is both safe and effective [8, 9e]. Effec-
tiveness is determined by the ability to provide useful clinical
information related to the proposed indications for use. Two
criteria must be met, accuracy and clinical value. Accuracy is
defined in relation to a relevant truth standard such as histopa-
thology or another accepted reference imaging test. It is dem-
onstrated by performance characteristics in the clinical setting
(e.g., sensitivity, specificity, positive and negative predictive
value) as well as by reliability or reproducibility. Clinical

usefulness is defined in the context of the agent’s intended
use, e.g., helping to make an accurate diagnosis, helping to
choose the right therapy, or providing accurate prognostic
information. The FDA lists four general categories for the
labeled indications of medical imaging agents [8]. Three of
them are particularly relevant to PET: disease or pathology
detection or assessment; functional, physiological, or bio-
chemical assessment; and diagnostic or therapeutic patient
management (Table 1). Note that the FDA does not require
data showing the effect of the imaging procedure on patient
health outcomes such as longevity or disability.

Investigational Studies of PET
Radiopharmaceuticals

A sponsor’s investigational program for a new PET radi-
opharmaceutical is designed to demonstrate its safety and
effectiveness. FDA approval to perform investigational stud-
ies is obtained via an IND; the FDA has published a spe-
cific PET guidance for this process [10]. The IND contains
detailed information on how the agent is manufactured; data
from preclinical toxicology, safety, pharmacology, and imag-
ing studies in animals; and the clinical research protocol that
describes the planned human studies. The process involves
three phases of increasing complexity [11].

Phase 1 studies focus on safety and pharmacokinetics.
They are typically performed in a small number of healthy
subjects but may also include patients with the disease tar-
geted by the agent. Physiologic monitoring includes EKG
and pre- and post-administration blood tests. Pharmacoki-
netic studies are performed to image organ biodistribution,
determine target engagement and routes of excretion, evalu-
ate in vivo stability and metabolism from blood samples, and
calculate radiation dosimetry.

Phase 2 studies provide preliminary evidence of the agent’s
efficacy for the proposed clinical indication. Therefore,

Table 1 FDA label indications
for medical imaging agents with
examples

Structure delineation -Contrast agents for coronary angiography
Disease or pathology detection or assessment

-Imaging brain amyloid plaque in patients being evaluated for Alzheimer’s disease

-Localization of somatostatin receptor positive neuroendocrine tumors

Functional, physiological, or biochemical assessment

-Assessment of myocardial perfusion in patients with suspected or existing coronary artery disease

-Assessment of tumor glucose metabolism

Diagnostic or therapeutic patient management

-Imaging prostate-specific membrane antigen positive metastases in prostate cancer

-Detection of estrogen receptor positive lesions in metastatic breast cancer as an adjunct to biopsy

This table lists the four general categories of FDA label indications for medical imaging agents, with spe-
cific examples. The last three categories are particularly relevant for PET
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patients with known disease and as well as normal subjects
are included. Other goals are to obtain additional pharmacoki-
netic and safety data, optimize methods for image acquisition,
and develop methods for image evaluation.

Phase 3 studies, considered “pivotal”, should confirm the
principal clinical hypotheses developed in earlier investiga-
tions. They should demonstrate efficacy for the proposed
indications(s) and continued safety. They also validate meth-
ods for imaging and image interpretation in the intended
patient population. Phase 3 studies are often performed
in several medical centers to support generalizability of
the data. The number of subjects can vary but is typically
smaller than for therapeutic drugs, e.g., 635 patients were
enrolled in studies of ®® Ga-PSMA-11 [12] and only 68
patients for '®F-Fluorodopa [13]. A current phase 3 study of
the myocardial perfusion agent '®F-Flurpiridaz has enrolled
730 participants [14].

New Drug Applications

The final step in translating a PET drug to the clinic is FDA
approval of an NDA submitted by a manufacturer to mar-
ket the agent for a label indication. The NDA must address
safety, efficacy, and clinical utility in great detail. It includes
information from preclinical, phase 1, 2, and pivotal phase
3 studies; details of the method of image interpretation and
its validation; and extensive information on how the agent
is manufactured. The FDA does have some flexibility for the
design of phase 3 studies and the evidence required for NDA
approval. The sponsor may be able to use information from
published, high-quality clinical trials rather than new trials
[8]; this was the case for ''C-choline used to image prostate
cancer [15, 16¢]. If the PET agent is intended to image an
orphan disease, defined as having a prevalence of less than
200,000, the NDA process can be facilitated [16e]. In some
cases, the truth standard for efficacy of an imaging agent can
be expert clinical diagnosis and patient follow-up; this was
the case for 18F—Fluorodopa [13]. FDA staff are available to
sponsors for consultation on preparing INDs and NDAs. A
PET NDA undergoes extensive review in FDA’s Division of
Imaging and Radiation Medicine. The FDA may also seek
advice from its Medical Imaging Drugs Advisory Commit-
tee, a group of imaging experts [17].

An abbreviated NDA (ANDA) can be submitted by a
manufacturer to market a generic PET radiopharmaceutical
that is bioequivalent to an already-approved agent, i.e., it has
the identical active ingredient, dosage, route of administra-
tion, and indications for use [18]. The manufacturer does
not have to submit preclinical animal studies or clinical
trial data to show the drug’s safety and efficacy. The ANDA
must demonstrate that the proposed product is bioequiva-
lent and ensure the product’s identity, quality, strength, and

purity. A new label indication, however, requires an NDA.
ANDA s have facilitated the use of several generic PET drugs
(i.e., those with no intellectual property rights): '®F-FDG,
18F_sodium fluoride, 'C-choline, and '* N-ammonia. There
are currently 29 ANDAs for !> N-ammonia for myocardial
perfusion, held by both commercial entities and medical
centers [19].

Although industry submits most PET NDAs, some origi-
nate with academic medical centers (see Table 2) [20e,
21]. There are several reasons for an academic center to go
through the NDA process. Many PET drugs have extensive
studies demonstrating utility but lack intellectual property
rights. As a result, commercial manufacturers may be reluc-
tant to pursue them because the financial return is limited
without patent exclusivity. The availability of a PET agent
targeting a specific disease can support the academic cent-
er’s focus on that disease. Academic sponsors can benefit
their patients by making these agents clinically available,
and more broadly, can advance the field of molecular imag-
ing, especially since other manufacturers can then submit
ANDAs. Also, the center may be able to produce the agent
at a lower cost than a commercial entity.

Radiopharmaceuticals approved by the FDA for both
investigational studies and clinical use must be manufac-
tured under rigorous CGMP standards [See, 6, 7ee, 20, 22].
These standards ensure quality and safety, and go beyond
simply testing the final product before its administration.
CGMP involves all aspects of production, including person-
nel qualifications and training, supplies, equipment, facili-
ties, and records. The FDA provides extensive guidance for
CGMP production of PET drugs. Adherence to CGMP by
a manufacturing facility is demonstrated by written docu-
mentation of its procedures and by extensive record keeping.
After an NDA or ANDA is approved, the FDA inspects the
sponsor’s manufacturing site, to ensure the radiopharma-
ceutical is produced in accordance with CGMP [23]. Sub-
sequently, the site is inspected about every 2 years.

Exploratory and Expanded Access INDs

Exploratory INDs (eIND) facilitate early (“phase 0” or early
phase 1) investigation of new drugs, including first-in-human
use of new PET agents [24, 25]. The eIND uses a microdose
approach [26]. A microdose is defined as less than 1/100th
of the dose of the test substance that is calculated (based on
animal data) to yield a pharmacologic effect, with a maxi-
mum dose of 100 pg. Because pharmacologic effects are
not expected from PET drugs, preclinical pharmacology and
toxicology studies can be reduced, substantially decreasing
cost. eINDs can determine an agent’s binding properties to
a neuroreceptor or oncologic target, whole-body biodistri-
bution, in vivo metabolism, imaging characteristics, and
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Table 2 PET Radiopharmaceuticals with FDA-approved NDAs

PET radiopharmaceutical Approval date Approved indications(s)

8F_sodium fluoride 1972 Bone imaging agent to define areas of altered osteogenic activity

Rubidium #2Rb generator 1989 Imaging of the myocardium under rest or pharmacologic stress conditions to evaluate regional
myocardial perfusion in adult patients with suspected or existing coronary artery disease

BE_fluorodeoxyglucose* 1994 For the measurement of regional glucose metabolism in human brain to assist in the diagnosis of
seizures

3E-fluorodeoxyglucose* 2004 For assessment of abnormal glucose metabolism to assist in the evaluation of malignancy in patients

with known or suspected abnormalities found by other testing modalities, or in patients with an
existing diagnosis of cancer

In patients with coronary artery disease and left ventricular dysfunction, when used together with
myocardial perfusion imaging, for the identification of left ventricular myocardium with residual
glucose metabolism and reversible loss of systolic function

For the identification of regions of abnormal glucose metabolism associated with foci of epileptic

seizures

BE_fluorodeoxyglucose* 2005 Similar to the above

13 N-ammonia* 2007 Imaging of the myocardium under rest or pharmacologic stress conditions to evaluate myocardial
perfusion in patients with suspected or existing coronary artery disease

BE_sodium fluoride* 2011 Indicated for imaging of bone to define areas of altered osteogenic activity

C-choline* 2012 Patients with suspected prostate cancer recurrence based upon elevated blood prostate specific antigen
(PSA) levels to identify potential sites of recurrence for subsequent histologic confirmation

3E_florbetapir 2012 Imaging of the brain to estimate f-amyloid neuritic plaque density in adult patients with cognitive
impairment who are being evaluated for Alzheimer’s disease and other causes of cognitive decline

3E_flutemetamol 2013 Imaging of the brain to estimate f-amyloid neuritic plaque density in adult patients with cognitive
impairment who are being evaluated for Alzheimer’s disease and other causes of cognitive decline

13E_florbetaben 2014 Imaging of the brain to estimate f-amyloid neuritic plaque density in adult patients with cognitive
impairment who are being evaluated for Alzheimer’s disease and other causes of cognitive decline

%8 Ga-dotatate 2016 Kit; after radiolabeling with %8 Ga, for use with PET for localization of somatostatin receptor positive
neuroendocrine tumors

BE_fluciclovine 2016 Imaging in men with suspected prostate cancer recurrence based on elevated blood PSA levels following
prior treatment

13E-fluorodopa* 2019 Visualize dopaminergic nerve terminals in the striatum for the evaluation of adult patients with suspected
Parkinsonian syndromes

%8 Ga-dotatoc* 2019 Localization of somatostatin receptor positive neuroendocrine tumors

%4Cu-dotatate 2020 Localization of somatostatin receptor positive neuroendocrine tumors

18F- fluoroestradiol 2020 Imaging for the detection of estrogen receptor (ER)-positive lesions as an adjunct to biopsy in

patients with recurrent or metastatic breast cancer

18E_flortaucipir 2020 Imaging of the brain to estimate the density and distribution of aggregated tau neurofibrillary tangles
in adult patients with cognitive impairment who are being evaluated for Alzheimer’s disease

% Ga-PSMA-11* 2020 PET of prostate-specific membrane antigen (PSMA) positive lesions in men with prostate cancer with
suspected metastasis who are candidates for initial definitive therapy or with suspected recurrence
based on elevated serum PSA level

(2 NDAs)

%8 Ga-gozetotide 2021 Kit; PET of PSMA positive lesions in men with prostate cancer with suspected metastasis who are
candidates for initial definitive therapy or with suspected recurrence based on elevated serum PSA
level. (Gozetotide is also known as PSMA-11.)

13E_piflufolastat 2021 PET of PSMA positive lesions in men with prostate cancer with suspected metastasis who are candidates
for initial definitive therapy or with suspected recurrence based on elevated PSA level

PET radiopharmaceuticals with FDA-approved NDAs. Information abstracted from FDA package inserts and NDA notices
“Radiopharmaceutical with an academic or medical institution as sponsor

radiation dosimetry. They can help select the most promis- Expanded access (EA) provides access to investigational
ing agent from similar candidates and can lead to an earlier, =~ PET drugs outside of traditional phase 1-3 studies [10, 27,
more cost-effective decision about whether a radiopharma- ~ 28]. The criteria for EA are that the patients have a serious or
ceutical will perform as intended. immediately life-threatening disease; there is no comparable
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or satisfactory alternative to diagnose or monitor the condi-
tion; the potential benefits justify the risk; and, the use will
not interfere with or contribute to the clinical investigations
to support marketing approval of the EA use. The regulatory
submission can be either a clinical protocol added to an exist-
ing IND or a new IND.

Research with PET Radiopharmaceuticals

In addition to industry investigational programs, many academic
centers conduct preclinical and clinical PET research to advance
molecular imaging. The clinical studies are usually not designed
to obtain FDA approval but are often proof-of-principle trials
to show that a new agent can image a specific disease-related
target, e.g., a tumor-related protein. In some cases, however, a
novel agent developed in a medical center is taken up by indus-
try for commercialization, e.g., "*F-fluciclovine to image pros-
tate cancer [16e]. Often, the focus of the PET research program
is to study physiology or pathophysiology. This is especially
so in the clinical neurosciences, with numerous radiotracers to
image brain neuroreceptor systems, metabolic pathways, neu-
roinflammation, and synaptic density.

There are several approaches for academic centers to con-
duct clinical PET research. Traditional phase 1 and 2 INDs
can be used, as well as eINDs. Another mechanism is via the
Radioactive Drug Research Committee (RDRC) [29, 30e], a
local committee delegated by the FDA to approve basic science
research in humans with radioactive drugs, including those for
imaging. This includes obtaining information on the metabo-
lism, kinetics, biodistribution, and radiation dosimetry of the
drug, and also studying human physiology, biochemistry and
disease pathophysiology. RDRC approval cannot be used for
diagnostic or therapeutic purposes, or to determine the safety
and efficacy of the radioactive drug; these goals require an
IND. The radioactive drug must be known to be safe, and its
injected mass dose cannot have pharmacologic effects; this
precludes first-in-human studies. Radiolabeled molecules that
can be studied include: (1) naturally occurring substances and
FDA-approved drugs with a known safety profile, in which an
atom has been substituted by its positron-emitting isotope, .g.,
1 Jabelled amino acids, 11C-methylphenidate; (2) novel PET
radiotracers previously studied under other mechanisms and
with available safety and pharmacologic data. Other RDRC
regulations concern committee membership, the number of
research subjects in a study, and radiation dose limits.

Challenges for the Development of New PET
Radiopharmaceuticals

The pathway from preclinical research to phase 1-3 IND
studies to FDA approval of a PET radiopharmaceutical is
well-defined. This process, however, can be challenging.

For phase 1 and 2 trials, safety and toxicology requirements
are high, even though these agents have no pharmacologic
activity and will be used infrequently in individual patients.
Phase 3 trials for agents that detect pathology or abnormal
biochemistry typically need data from a “gold standard” of
truth that can be difficult to obtain. The cost of clinical tri-
als is relatively high compared to the potential return for
agents that may be used only once per patient. For multi-
center trials, several manufacturing sites across the country
are required due to the short physical half-life of the PET
radiolabel. Many potentially useful agents have no intellec-
tual property rights, limiting future profitability and discour-
aging commercialization, e.g., '*F-FMISO to image tumor
hypoxia [31]. In addition, barriers to insurance coverage may
decrease industry’s enthusiasm to bring agents to market.
Despite these challenges, several novel PET radiopharma-
ceuticals have recently been approved for oncologic and
neurologic applications (Table 2).

New PET Radiopharmaceuticals for Cardiac
Studies

There are established PET radiopharmaceuticals approved
for myocardial blood flow (82Rb; 13 N-ammonia) and via-
bility (‘®F-FDG), with the last approval in 2007 (Table 2).
There are, however, two myocardial blood flow (MBF)
agents currently in phase 3 studies. This is encouraging,
since PET addresses some of the drawbacks of SPECT
because of its ability to quantify regional and global MBF
in absolute units of mL/min/g of tissue [32].

8E_flurpiridaz, has several advantages over current per-
fusion agents [14, 33-35]. The 110-min half-life of the '*F
label permits distribution from commercial radiopharmacies;
it does not require a local cyclotron as does ' N-ammonia or
a complex generator like 3°Rb. Exercise and pharmacologic
stress protocols are facilitated. In such protocols, residual '*F
radioactivity from the rest injection can be subtracted from
the stress scan. It has favorable in vivo behavior, including
high myocardial extraction and retention to more accurately
reflect MBF at high flows, and low lung and hepatic uptake
which reduces background in the PET images.

150-water has been widely used in clinical research, pri-
marily to measure regional cerebral blood flow [36] but also
to quantitate MBF [32, 33]. It is freely diffusible and has vir-
tually complete extraction, so that calculated flow accurately
reflects actual MBF. The short 2-min physical half-life facili-
tates pharmacological rest-stress protocols and shortens the
procedure duration, but a disadvantage is the need for an on-
site cyclotron. Recently, a phase 3 clinical trial of >O-water
has been initiated [37]. An automated system in the scan
suite uses cyclotron-produced '>O-oxygen, hydrogen gas and
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heat to produce and inject '>O-water. One dose is injected at
rest, the other during pharmacologic stress.

Clinical PET imaging of the heart has focused on myo-
cardial perfusion and viability. However, there is much pre-
clinical and translational research to develop PET agents for
a wide variety of clinically-relevant targets. These include
neuronal signaling, fibrosis, inflammation, amyloidosis,
metabolic substrate utilization, and coronary artery plaques.
These agents have great potential to address many clinical
needs [35, 38e¢, 3041].

Insurance Coverage of PET
Radiopharmaceuticals

Insurance reimbursement is essential for the clinical use of
PET. Not only does CMS provide health insurance for about
one third of the US population, but also third-party insurers
typically follow CMS’s lead in covering diagnostic proce-
dures. Surprisingly, FDA approval does not automatically
lead to CMS coverage. In fact, CMS has taken many years
to cover several approved PET radiopharmaceuticals, with
some still not covered. The critical distinction is that these
two agencies use different approval criteria [42e]. FDA’s
regulatory standard requires that radiopharmaceuticals
provide useful clinical information related to the proposed
indication for use; it does not require evidence of their effect
on clinical management or patient health outcomes [43e,
44]. Data on clinical utility and safety are provided via the
confidential NDA process. In contrast, CMS applies the
criterion of “reasonable and necessary for the diagnosis or
treatment of illness or injury,” with an increasing focus on
improvement in health outcomes [45, 46, 47¢]. CMS pri-
marily uses information from the medical literature in its
decision-making process. Of note, “reasonable and neces-
sary” does not have a regulatory definition, and effect on
health outcomes is not embodied in any regulation. Perhaps
as a result, CMS PET coverage has changed over the years
in a still-evolving process.

CMS Coverage of PET

There are two pathways for CMS coverage, local coverage
determination (LCD) and national coverage determination
(NCD) [48e]. Claims for medical products and services under
Medicare Parts A and B are processed by twelve Medicare
Administrative Contractors (MACs) in their geographic
regions in the USA. When there is not an NCD, MACs deter-
mine coverage and utilization guidelines. Non-PET radiop-
harmaceuticals are handled via LCDs; PET agents, however,
typically have been subject to NCDs. An NCD sets coverage
policy nationally for a specific medical technology. It may be
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requested by stakeholders including Medicare beneficiaries,
manufacturers, and professional associations, or be generated
internally by CMS staff. The CMS Coverage and Analysis
Group (CAG) determines whether to open an NCD. It uses
an evidence-based process focused on the medical literature,
which may be supplemented by an outside technology assess-
ment or input from its Medicare Evidence Development and
Coverage Advisory Committee (MEDCAC). CMS policy is
not to consider cost when making an NCD. There are three
possible outcomes of an NCD: (1) covered, because the evi-
dence shows that the service is reasonable and necessary for
the diagnosis or treatment of illness or injury; (2) not cov-
ered, when the evidence is to the contrary; or (3) coverage
with evidence development (CED), when the evidence indi-
cates the service might be reasonable and necessary, but is
insufficient. Under CED, the cost of the procedure is covered
for a CMS-approved clinical trial or patient registry to gather
additional evidence.

Medicare has used NCDs and CED extensively for PET
[48e], and its focus on health outcomes is particularly rel-
evant. In 2000, CMS clarified that the primary factors to
determine if a new technology is “reasonable and necessary”
included not only whether it is safe, effective, and appropri-
ate, but also whether it leads to improved health outcomes
[46]. The application of this approach to PET was articulated
by Louis Jacques, M.D., CAG Director, at a conference in
2012 [42e]. For a new PET radiopharmaceutical to be cov-
ered, the sponsor should “provide adequate evidence that
the incremental information obtained by the new diagnostic
technology compared to alternatives changes physician rec-
ommendations resulting in changes in therapy that improve
clinically meaningful health outcomes.” More persuasive out-
comes include longer life with improved function or arrested
decline, better quality of life, and reduced need for burden-
some tests and treatments. Less persuasive are longer life
with declining function, better images, or improved physician
confidence. It was recognized, however, that diagnostic tests
per se do not have a direct therapeutic effect, so demonstrat-
ing improved health outcomes can be difficult. Rather, tests
provide information to support management decisions that
can be linked to improved health outcomes, e.g., avoiding
unnecessary surgery, or informing drug therapy.

Evaluating diagnostic imaging based on outcomes rather than
test accuracy was proposed in a prescient paper by Fryback and
Thornbury in 1991 [49ee], with a 6-step hierarchical approach:
technical efficacy (e.g., image resolution); technical accuracy
(e.g., sensitivity, specificity); change in physician’s diagnosis;
resultant change in management; effect on outcomes; and soci-
etal benefit. These steps were recently updated for molecular
imaging [4]. Randomized controlled trials could be used demon-
strate the benefit of imaging, analogously to trials of therapeutic
drugs. Patients could be managed for a disease with and without
the new imaging technology, to see if it improves outcomes [50].
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These studies are difficult to conduct, however, and have not
been widely used [51, 52].

Of note, the first CMS-approved PET agent was ¥?Rb for
myocardial perfusion, in 1995. Subsequent approvals over
the next 10 years included '*NH; for myocardial perfusion,
and '"*F-FDG for myocardial viability, differential diagnosis
of dementia, pre-surgical localization of seizure foci, and
some oncology indications [53]. This incremental progress
came to a halt in 2005 when CMS published a sweeping
non-coverage NCD for PET in its Medicare National Cov-
erage Determinations Manual [53, 54]. The decision stated:
“This manual Sect. 220.6 lists all Medicare-covered uses of
PET scans. ... a particular use of PET scans is not covered
unless this manual specifically provides that such use is cov-
ered.” This meant that PET indications not already approved
were automatically not covered, even if the radiopharmaceu-
tical or indication had not yet been developed. Subsequently,
there were two important NCDs granting CED for PET, the
broad use of '®F-FDG in oncology and imaging brain amy-
loid plaques in cognitive decline.

National Oncologic PET Registry

In 2005, CMS approved CED to study the impact of FDG
PET on patient management for most oncological indica-
tions not already covered. This led to the National Onco-
logic PET Registry (NOPR), a transformational study
guided by several leaders in nuclear medicine and health
care research [47e, 55, 56]. The goal was to assess the effect
of PET on physicians’ intended management for a wide
variety of uncovered cancers and indications, including ini-
tial diagnosis, staging, suspected recurrence, and therapy
monitoring. Pre- and post-scan management plans were col-
lected from referring physicians. Recruitment was tremen-
dously successful, ultimately including about 288,000 scans
and 1900 imaging facilities. After only 1 year, investiga-
tors found a 36.5% change in management plans in 23,000
patients.

Based on NOPR data, CMS issued NCDs in 2009 and 2013
[57]. These resulted in coverage for most cancers, one scan for
initial treatment planning and up to three for subsequent treat-
ment strategy after completion of initial therapy; additional
scans are at the discretion of the local MAC. Some limita-
tions of the NOPR design have been noted [47e, 56]. These
include concern about overall data quality; use of change in
intended rather than actual management; no data on patient
health outcomes; and lack of a control group. These limi-
tations, however, reflected a reasonable balance at the time
between performing more-controlled studies versus the logis-
tics of obtaining a large amount of relevant data in a timely
fashion. In 2011, NOPR initiated another registry, for Na'®F to

identify bone metastasis; in a 2015 decision memo, however,
CMS declined coverage of this radiopharmaceutical [58].

PET Imaging of Brain Amyloid

Another major NCD came in 2013 for PET imaging of brain
amyloid in patients with cognitive impairment being evalu-
ated for Alzheimer’s disease (AD). This is an important use of
PET because the clinical diagnosis of AD is only about 70%
accurate [59]. Rather than granting full coverage, however,
CMS approved only one scan per patient in CED studies that
could include short-term outcomes related to changes in man-
agement as well as longer-term dementia outcomes [60, 61].
This led to the Imaging Dementia—Evidence for Amyloid
Scanning (“IDEAS”) Study [62¢]. The primary hypothesis
was that in diagnostically uncertain cases, knowledge of PET
amyloid status would lead to significant changes in patient
management that improved medical outcomes. Eleven thou-
sand four hundred nine patients with mild cognitive impair-
ment or dementia were scanned at 343 imaging centers.

The first aim was to test whether amyloid PET resulted in
a 30% or greater change between intended and actual patient
management in AD drug therapy, other drug therapy, or
counseling about safety and future planning. (Note the dif-
ference from NOPR, which looked at intended management.)
The results were dramatic; there was a change in diagnosis
(AD vs. non-AD) in 35.6% of patients and a management
change in 61.5%. The results of the second aim, to assess the
impact on hospital admissions and ER visits over one year,
were disappointing. Scanned patients were 4.5% less likely
to be hospitalized, less than the 10% pre-specified endpoint,
with no effect on ER visits. Amyloid PET is still under CED.
A second IDEAS study was approved in 2020 that focuses on
underrepresented minority populations [63].

More Recent CMS PET Approvals

In 2012, an industry group asked CMS to reconsider its 2005
non-coverage NCD for new PET radiopharmaceuticals [42e].
After reviewing the extensive published guidelines for onco-
logical PET, CMS withdrew its non-coverage for oncology,
allowing coverage decisions to be made by MACs [64ee]. It
found the more limited guidelines for cardiac PET to be less
convincing, and the non-coverage language remained. CMS
also did not change its non-coverage for amyloid PET. In
2021, however, in a surprising but welcome decision, CMS
removed its exclusionary language for non-oncologic PET,
including cardiologic and neurologic uses, with coverage to
be decided by MACs [65]. Radiopharmaceuticals for MBF
and viability that are currently FDA-approved are already
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covered by CMS, but this decision should incentivize indus-
try to bring new cardiac PET agents to the clinic. This deci-
sion should also lead to coverage of ®F-fluortaucipir and
¥E_fluorodopa for brain imaging (see Table 2). Paradoxically,
brain amyloid agents remain under CED, with one scan per
patient per lifetime. CMS is currently reconsidering this pol-
icy, however, in the context of amyloid PET in CED studies
of anti-amyloid monoclonal antibodies to treat AD [66, 67].
In another major decision in 2021, CMS extended coverage
for 8F-FDG to infection and inflammation imaging, revoking
a 2008 non-coverage NCD. This will support the use of '*F-
FDG for several cardiovascular indications, including cardiac
device-related infection, endocarditis, large-vessel vasculitis,
and sarcoid [68, 69e].

Appropriate Use Criteria

In response to federal legislation in 2014, CMS developed
a program requiring reference to appropriate use criteria
(AUC) when advanced diagnostic imaging services are
ordered [70]. AUCs link a specific clinical condition or
presentation to specific services, indicating which service is
appropriate. AUC are typically developed by national medi-
cal specialty societies following an evidence-based method-
ology that uses published studies. Advanced imaging ser-
vices include PET and other nuclear medicine procedures,
CT, and MRI. A physician ordering these services must con-
sult an online Clinical Decision Support Mechanism which
determines whether the order adheres to the relevant AUC.
Implementation of the AUC program will be complicated,
and it has been delayed due to the COVID-19 public health
emergency. The Society of Nuclear Medicine and Molecular
Imaging (SNMMI) has developed several AUCs relevant
to PET, including for myocardial perfusion imaging [71e],
neuroendocrine tumors, prostate cancer, and staging and
response assessment of malignant disease [72].

Medicare Reimbursement Mechanism
for Radiopharmaceuticals

In addition to whether Medicare covers a PET radiopharma-
ceutical, a key issue is the related level of reimbursement.
Under the Hospital Outpatient Prospective Payment System
(HOPPS), Medicare uses a “pass-through” approach for the
first 2 to 3 years of coverage, with reimbursement approximat-
ing the cost of the agent. Subsequently, however, the cost is
“bundled” into the reimbursement for the overall PET proce-
dure, with the radiopharmaceutical essentially being treated
as a supply. Therefore, reimbursement is the same whether the
scan uses low-cost '*F-FDG or a higher-cost newer agent, and
it may not even cover the cost of the agent. This discourages
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providers from performing these scans and limits patient
access. This may also discourage industry from developing
new radiopharmaceuticals. In response, SNMMI and indus-
try groups are supporting legislation to correct this anomaly.
The Facilitating Innovative Nuclear Diagnostics (FIND) Act
would direct Medicare to pay separately for diagnostic radi-
opharmaceuticals with a per day cost that exceeds $500 [73].
The bill was introduced in July 2021; its fate is uncertain.

Conclusions

There have been tremendous advances in preclinical and
translational studies of PET radiopharmaceuticals for car-
diovascular, neurological, and oncological applications. To
bring new PET agents to the clinic, however, regulatory
approval and insurance reimbursement are required. The
steps for regulatory approval of diagnostic radiopharmaceu-
ticals are clearly set out by the FDA, with the criteria focus-
ing on safety and clinical efficacy. The pace of FDA approval
has recently increased, with many new PET agents approved
for neurology and oncology applications. Insurance coverage
of PET by Medicare has been more challenging, although
recent decisions have substantially broadened coverage.
For many years, cardiac PET has focused on myocardial
perfusion and viability; these studies have substantially
advanced the care of patients with coronary artery disease.
There is considerable ongoing research to develop new PET
radiopharmaceuticals to probe a wide variety of cardiovas-
cular targets. The recent progress in regulatory approval for
PET should facilitate translation of these agents to the clinic.
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