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“You can’t be a radiologist
who just sits in the office
waiting for images to arrive
at your desk where you read
them and push them out.
You have to be interactive,
proactive, and be an
educator and advocate.”
Jackson W. Kiser, MD, Carilion Roanoake Memorial Hospital

The past year is one we will never forget.
The arrival of COVID-19 brought unforeseen challenges to patients, providers, and healthcare
companies as we witnessed a reduction in imaging procedure volumes and delayed access
to diagnosis and treatment.
But despite these significant challenges, the continued pace of innovation within nuclear medicine has
been a bright note amidst the pandemic.
New PET tracers in breast, prostate, and brain imaging have the potential to expand the role of
molecular imaging in treatment planning and monitoring. In cardiac imaging, providers continue to
explore and acknowledge the benefits of PET/CT. Development of whole-body PET/CT systems, such as
Biograph Vision Quadra™, allows us to image multiple organs simultaneously and may enable the
expansion of molecular imaging into new clinical and research areas.
The utilization of SPECT/CT in musculoskeletal imaging is a growing use case, and one we explore in
our “Converging” series on pages 44-55. Beyond musculoskeletal and neurological imaging, the need
for SPECT and SPECT/CT will continue to grow with the adoption of theranostics and personalized
treatment plans.
In this issue, we examine the role of nuclear medicine and how it continues to expand, advance,
converge with other specialties, and transition the way we think of healthcare. It is upon us to educate
the community at large about the growing role of nuclear medicine so patients can continue to receive
the best care.
After a tumultuous year, we want to extend our gratitude to our employees who have gone above and
beyond to ensure the continuity of our essential business operations. We also thank the healthcare
providers who have continued to serve patients throughout the pandemic. We are confident we will
emerge from the current challenges stronger, together.

Matt Shah,
Vice President, Global Sales & Marketing
Molecular Imaging Business Line
Siemens Healthineers
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28 A step toward precision treatment
in breast cancer
Staff at the first imaging center in the United States to

08 The best of both worlds

receive and utilize doses of the new radiopharmaceuti-

A new PET/CT scanner combines an extended axial field

cal, Cerianna™ (fluoroestradiol F 18) injection, describe

of view (FoV) with industry-leading detector technology.

how it could impact their practice and the subsequent
treatment of patients with recurrent or metastatic

12 A quantum leap in PET/CT imaging

breast cancer.

Inselspital, Bern University Hospital, located in Switzerland, is the first site to install Biograph Vision Quadra™.

18 Expanding the role of nuclear medicine
in a changing healthcare landscape
Given the ever-changing healthcare landscape, education and collaboration between nuclear medicine professionals and their colleagues are key to expanding and
optimizing nuclear medicine’s utilization.
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34 A practical approach to cardiac PET/CT
SPECT/CT is the most common nuclear medicine imaging
modality used to visualize blood circulation in the heart;
however, in an increasing number of locations, facilities
are transitioning to PET/CT. The Northwest Clinics in

Advancing 

Alkmaar, The Netherlands, has been one of the region’s
pioneers in deploying cardiac PET/CT on a large-scale
clinical basis.

22 Fluoroestradiol F 18 – a molecular marker
becomes commercially available for
PET imaging in metastatic breast cancer

To meet the growing senior population’s need for
accurate diagnosis of cognitive impairment, nuclear

On May 20, 2020, a new radiopharmaceutical agent was

medicine and molecular imaging are an important aspect

approved by the US Food and Drug Administration (FDA)

in neurological examinations.

for use with PET imaging: Fluoroestradiol F 18 (FES).
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38 An examination of nuclear neurology in Japan
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44 The convergence of nuclear medicine
and musculoskeletal medicine
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Tc MDP SPECT/CT imaging in diagnosing
Erdheim-Chester disease
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F FES PET/CT imaging in recurrent
metastatic invasive lobular breast cancer
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SPECT/CT’s intrinsic anatomical and physiological imaging
properties make it an ideal choice in helping musculoskeletal medicine practitioners locate pain origins and develop
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effective treatment plans.

48 The convergence of nuclear medicine
and orthopedic surgery
The capabilities of SPECT/CT technology, combined with
advanced reconstruction and reading solutions, allow for

66 Incidental findings of COVID-19
in PET/CT imaging
70

Tc MDP SPECT/CT imaging in the evaluation
of pediatric McCune-Albright syndrome

99m

accurate localization of pain origins that support diagnostic confidence and surgical accuracy.
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52 The convergence of nuclear medicine
and pediatric orthopedic surgery
Children often have difficulty describing the source
of their pain. With SPECT/CT, the origin of pain
becomes visible and can aid in accurate diagnoses
and surgical planning.
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Just like you,
we have gone virtual.

Although we would rather meet with you in person, we have adapted to this “new normal” and remain
committed to providing insights into our latest innovations in nuclear medicine and molecular imaging.
Over the past year, we honored this commitment and hosted a virtual booth at SNMMI’s reimagined
Annual Conference in July 2020, as well as at the SNMMI 2021 virtual Mid-Winter meeting.

Come see what we have to offer at the 2021 SNMMI Annual Conference.
It’s going to be big. We look forward to interacting with you June 11-14
in our virtual booth.
siemens-healthineers.com/snmmi
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The best of
both worlds
Scientists and physicians from Siemens Healthineers
describe the motivations and innovations behind the
development of a PET/CT scanner that combines the
best of both worlds: an extended axial field of view
(FoV) with industry-leading detector technology.
By Sameh Fahmy | Photography by Hollis Bennett

8

Imaging Life · 2021 · siemens-healthineers.com/NMNS

Expanding

A

s the understanding of
disease physiology
progresses, the
tools that help advance this
understanding must progress
as well. At international conferences,
in medical literature, and in meetings
with industry leaders, clinicians and
researchers have not been silent
about their need for technological
advancement in molecular imaging.
Such advancement, voiced as the need
for a PET/CT scanner that enables better
care for patients and the expansion
of research, has been answered.

To address these needs, Maurizio
Conti, PhD, and his colleagues at
Siemens Healthineers turned a decadeold idea into reality. Conti, along with
Bernard Bendriem, PhD, was part of
an initial group that conducted early
simulations of extended axial FoV
PET/CT scanners in 2010. Building on a
decade’s worth of information,
knowledge, technological advances, and
ambition, “we felt the need to answer a
call from the scientific and clinical
community for a scanner that would
capture most of the organs at one time,
dramatically increase sensitivity, and use

the state-of-the-art detector technology
we already had,” says Conti, director of
PET Physics and Reconstruction.
Bendriem, principal R&D expert at
Siemens Healthineers, participated in
dozens of meetings with molecular
imaging leaders, from both the
academic and industry arenas, to
assess their needs and expectations as
the company designed a new
approach to PET/CT technology. “A lot
of creativity comes from inside the
company to make the dream of the
physician a reality,” he says with smile.

“We felt the need to answer
a call from the scientific
and clinical community.”
Maurizio Conti, PhD, Siemens Healthineers
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Stimulating research
and clinical care
The reality Bendriem describes is
Siemens Healthineers’ extended
axial FoV PET/CT scanner,
Biograph Vision Quadra™.
Conti explains that Biograph Vision
Quadra’s 106 cm axial FoV is achieved
by placing four of Siemens Healthineers’
detector-block assemblies in series.
Such an arrangement of the
assemblies, in which the core detector
technology is comprised of silicon
photomultipliers (SiPM) coupled with
scintillator crystals, improves the
system’s time of flight and the

resulting effective sensitivity. This
increase in effective sensitivity—
which correlates with the system’s
image quality—is comprised of two
essential design elements. The first is
exceptional time of flight, which
localizes the photon’s origin
of emission within the patient’s body,
leading to exceptional image quality.
Second is the system’s ability to
capture photons emitted from the
patient’s body, and from a wide range
of angles, as allowed by an extended
axial FoV. This is the hallmark of
Biograph Vision Quadra: a potent
increase in effective sensitivity that
is achievable with the formidable
combination of an extended axial

FoV and high-performance
SiPM detectors.[a]
Acknowledging the potential
progress that can be achieved with
such improvements in design,
Bendriem states, “we are not only
building a machine that is quite useful
for clinical needs, but also stimulating
the research community to push even
more the limits of what can be achieved
with PET technology.” Bendriem further
emphasizes, “with this system, we will
be able to bring the best of both
worlds, both an extended axial field of
view and a time-of-flight performance
that is the best that can be achieved by
the industry at this time.”[a]

“With this system, we will be able to
bring the best of both worlds, both
an extended axial field of view and
a time-of-flight performance that is
the best that can be achieved by the
industry at this time.”[a]
Bernard Bendriem, PhD, Siemens Healthineers
10
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“This new scanner actually opens
up the possibility of doing things
that people really haven’t thought
of before or worked into their clinical routine, simply because it was
not possible for them.”
William Curtis Howe, MD, Siemens Healthineers

Conti and his colleagues emphasize,
however, that the benefits the
scanner offers to research and clinical
care are more than simply additive.
“The wonderful thing about Biograph
Vision Quadra is not necessarily that it
does what’s achievable today, better;
we already have very capable clinical
scanners,” says William Curtis Howe,
MD, PET product manager at
Siemens Healthineers. “This new
scanner actually opens up the
possibility of doing things people really
haven’t thought of before or worked
into their clinical routine, simply
because it was not possible for them.”
Howe adds that although traditional
PET/CT acquisition methods such as
step-and-shoot and continuous bed
motion can provide information
across different regions of the body
that are then “summed” together to
provide a complete view of the
scanned area, an extended axial FoV
system eases the acquisition of such
dynamic images. The advantage of
dynamic imaging lies in its ability to
show the behavior of radiotracers
over time, and in different areas of
interest simultaneously. The
difference is analogous to comparing
still photos—or a series of still photos
taken at intervals—with video.
“If the field of view is sufficiently large
to cover all the organs of interest, then
you’re able to create frames of data

without regard for where the bed
happens to be at the moment, and
that’s a huge advantage,” Howe says.
“It’s something that comes naturally
with the extended axial field of view.
“I envision this scanner as being one
that scans quite a bit of information in
dynamic mode,” he adds. “I think this
is going to be the natural mode of
operation for this scanner.”

Points of pride
As with any engineering feat, several
of the system’s features might not be
immediately noticeable, but are
points of pride nonetheless. To
minimize the need for costly room
renovations, Biograph Vision Quadra
is designed to occupy the same
footprint as a conventional PET/CT.
Mechanical enhancements include a
new frame design that enables the
precise alignment of the detector
block assemblies, stable performance,
and ease of servicing. In the area of
information technology, enhanced
computing power, storage, and
networking capabilities speed the
acquisition, reconstruction, and
transfer of data.
Hundreds of global employees, with
expertise ranging from physics to
engineering, medicine, and
information technology, worked to
develop Biograph Vision Quadra.
Seeing it installed at a customer site

marks the end of the initial
development process for the team at
Siemens Healthineers, but it marks a
new beginning for the clinicians and
researchers who will use the scanner
to advance their work. In his next
round of meetings with imaging
leaders, Bendriem eagerly anticipates
hearing how they are using the
benefits of extended axial FoV to
advance their research and the care
they can provide patients.
“I’m looking forward to learning with
them the kind of information we can
extract because, at the end of the day,
what we are doing is trying to acquire
more knowledge about healthcare
and trying to help physicians better
manage the diseases that affect some
of our friends, some of our family, and
all of us in the world,” he says. “If we
can help treat disease better, then we
know we have accomplished our
mission and will continue to do even
more as new challenges occur.”

Sameh Fahmy, MS, is an award-winning
freelance medical and technology journalist
based in Athens, Georgia, USA.

[a]

Compared to competitive systems at time
of publication. Data on file.

Biograph Vision Quadra is not commercially
available in all countries. Its future availability
cannot be guaranteed.
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A quantum leap
in PET/CT imaging
For clinicians and researchers in the department of
nuclear medicine at Switzerland’s Inselspital, Bern
University Hospital, being the first site to install Biograph
Vision Quadra™ marked the conclusion of a process that
began when their team crossed the Atlantic to consult
with Siemens Healthineers as they designed the nextgeneration whole-body PET/CT scanner.
By Sameh Fahmy | Photography by Benedikt Schnermann
Data courtesy of Inselspital, Bern, Switzerland
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1 bed position FoV 106 cm

T

hroughout this process, they shared their
ideas and aspirations for how the
scanner, which combines an extended
axial field of view (FoV) with industryleading detector technology, could advance
routine clinical care and help answer new
research questions. The installation of the
scanner in October 2020 ushered in a new era for
a department that is already recognized as a
leader in the innovative use of PET/CT.
“This is, in our opinion, a kind of a quantum
leap of whole-body PET imaging,” says Axel
Rominger, MD, PhD, the department’s director
and chief nuclear medicine physician. “We are
convinced this new technology will broaden
our clinical horizons and also, since we are a
university hospital, our scientific frontiers with
manifold new opportunities.”

1 bed position PET MIP

Maximum flexibility for clinical care
Rominger says that several features made the
scanner an attractive choice. With four silicone
photomultiplier (SiPM) detector blocks placed
in series, the system offers a 106 cm axial FoV
that enables whole-body imaging and results
in a high effective sensitivity that helps make
small lesions readily identifiable.
The range of coverage enables physicians to
image the brain, heart, and the entire spinal
cord in one pass, as opposed to several small
passes that are later pieced together via postprocessing software. As an example, Rominger
notes how this could enable the diagnosis of
neurodegenerative disorders, as well as
cardiac amyloidosis, in one scan and facilitates
the identification of distant metastases. He

Imaging Life · 2021 · siemens-healthineers.com/NMNS
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explains how the enhanced sensitivity can
allow PET/CT scans acquired with tracers of
low positron activity, such as yttrium-90
(90Y, commonly referenced as Y90 scans), to
potentially be used for diagnostic purposes
in addition to their already commonplace
therapeutic use.
Rominger emphasizes that Biograph Vision
Quadra gives physicians a greater ability to
limit radiation dose or scan times depending
on the specific needs of the patient.
Minimizing dose is particularly important for
pediatric patients, while patients in pain or
with claustrophobia benefit from rapid scan
times. “It’s flexible in two directions, radiation
burden and acquisition time,” he says. “This is
beneficial for the patient and also beneficial
for our resources.”

Reduced time at the clinic
for the patient

If circumstances warrant, scan times can
be reduced below two minutes.
With a reduced scan time, patients can
potentially spend less time in the clinic, and
the clinic itself can perform more scans in a
given day. At Inselspital, they can now easily
perform more than 100 scans per week on
their newest PET/CT.
Viscione adds that the increased patient
throughput has allowed Inselspital to allocate a
specific day each week to use the scanner for
research purposes. Previously, research had to
be conducted in the evenings after clinical
scans were complete. Now, several research
projects that seek to push image quality to new
levels, while reducing dose and expanding the
scope and utility of PET/CT, are underway.

A new era for research

Head radiology technician HF, Marco Viscione,
notes that the system allows for the reduction of
scan times to between four and six minutes for a
typical head-to-hip scan.

Kuangyu Shi, PhD, head of the Artificial
Intelligence and Translational Theranostics Lab
in the department of nuclear medicine, says the
system’s expanded axial FoV and high sensitivity
create new research opportunities in precision

30 sec.

2 min.

6 min.

10 min.

VRT

The patient in the clinical images within this article was scanned with a Biograph Vision Quadra, 5.1 mCi (191 MBq), 90-minute post-injection delay.
CT: 100 kV, 6 ref mAs.
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“We are convinced this
new technology will
broaden our clinical
horizons and also, since
we are a university
hospital, our scientific
frontiers with manifold
new opportunities.”
Axel Rominger, MD, PhD, Bern University Hospital

pharmacology and precision medicine. “With
those things combined together, it’s not a small
step further—I think it’s a breakthrough,” he
says. “It opens up a new era.”
He and Rominger note the expanded axial FoV
can give researchers greater insight into the
pharmacokinetics of all major organs. Shi and
his colleagues are working to develop
parametric imaging algorithms to provide
more meaningful quantitative data. “We now
have precise and more systematic
pharmacokinetics,” Shi says. “It enables
systematic investigation of the interrelations
of multiple organs.”
In addition to aiding the development of new
drugs and potentially providing prognostic
information based on the uptake of a
radiopharmaceutical in a patient, the ability to
acquire whole-body dynamic PET images allows
clinicians to follow tracer kinetics. The ability to
acquire dynamic images over the whole body in
one bed position is an essential component of a
study in which Rominger is investigating the
uptake of a radiotracer in the brain and spinal
cord over time. “Dynamic imaging has great

potential to really tell us what’s going on with
the tracer within the body,” he says.
The sheer quantity of data generated by
dynamic scans presents its own challenges, and
Shi is developing reconstruction algorithms
that seek to ease the identification of clinically
relevant information. He is also working on
reconstruction algorithms that have the
potential to improve image quality even
further. Beyond these algorithms, Shi and
his colleagues are exploring opportunities
for CT dose-reduction techniques.
He notes that artificial intelligence is not the
only tool that he and his colleagues are using,
but he emphasizes that it plays a critical role.
With further dose reductions, he adds,
opportunities for the use of PET/CT in screening
become feasible, and the monitoring of
responses to treatments can be expanded.
“By hardware we have already achieved a
reduction of dose, maybe 10 times,” Shi says.
“So if we can further reduce the dose with
algorithms, maybe another five times, this
will be fantastic.”

Imaging Life · 2021 · siemens-healthineers.com/NMNS
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1 min.

6 min.

10 min.

Expanding collaborations
Inselspital is building collaborations with
pharmaceutical partners, and its team already
includes experts in computer science and
artificial intelligence. Shi says that broader
collaborations are in order.

“This super scanner
needs a super team,
so a single institute
is not sufficient.”
Kuangyu Shi, PhD, Bern University Hospital
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“We are now establishing more collaborations
with our colleagues and even some outside the
nuclear medicine community,” he says. “We
believe that’s the only way to fully explore the
potential of this super scanner. This super
scanner needs a super team, so a single institute
is not sufficient.”
Rominger notes there’s always some risk
associated with being the first to utilize a new
system, yet their experience proved to be
positive. He says the fact that Biograph Vision
Quadra‘s footprint is comparable to a
conventional PET/CT scanner—and thus did
not require costly room renovations or
additions—made its installation at Inselspital
possible. He recalls the successful and timely
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“We had a lot of help from
Siemens Healthineers and
from the factory. Every week
we had a meeting so we
could see what software
updates will come and
what’s important for us.”
Marco Viscione, Bern University Hospital

installation of the system and notes he was
able to present Inselspital’s initial experiences
with Biograph Vision Quadra at the 2020
annual conference of the European
Association of Nuclear Medicine (EANM).
Viscione adds that the sense of collaboration he
and his colleagues experienced with the U.S.based research and development team at
Siemens Healthineers in Knoxville, Tennessee,
continued after the scanner was installed, and it
continues to this day.
“We had a lot of help from Siemens Healthineers
and from the factory,” he says. “Every week we
had a meeting so we could see what software
updates will come and what’s important for us.
For me, it’s important to speak with engineering,
and I think this is really helpful for both sides.”

The scanner has proven to be a workhorse in
clinical routine while it also supports Inselspital’s
mission of advancing the future of clinical care
through research. “This is our job and duty: to
push the limits further and further,” Rominger
says. “And so, in the future, things can become
even better.”
Sameh Fahmy, MS, is an award-winning freelance
medical and technology journalist based in Athens,
Georgia, USA.
Biograph Vision Quadra is not commercially available in all
countries. Its future availability cannot be guaranteed.
The statements by Siemens Healthineers customers
described herein are based on results that were achieved
in the customer’s unique setting. Since there is no “typical”
hospital and many variables exist (e.g., hospital size, case
mix, level of IT adoption) there can be no guarantee that
other customers will achieve the same results.

Scan the QR code to watch Prof. Dr. med. Axel Rominger’s
“First Clinical Experiences with Biograph Vision Quadra“
presentation from the 2020 EANM congress.
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Evidence-based
practices

Education &
training

$
Inter-departmental
collaboration

Innovative nuclear
medicine practices

Expanding the role of nuclear medicine
in a changing healthcare landscape
Physicians outside hospital imaging departments may not always recognize
the potential benefits nuclear medicine and molecular imaging offer. Given
the ever-changing healthcare landscape—one that is now even more fluid
and volatile since the arrival of SARS-CoV-2—education and collaboration
between nuclear medicine professionals and their colleagues are key to
expanding and optimizing nuclear medicine’s utilization.
By Linda Brookes | Photography by Brett Lemon | Illustration by Joseph Schmidt-Klingenberg

A

t Carilion Roanoke Memorial
Hospital (CRMH), a community
hospital serving Roanoke and
the surrounding areas in
Virginia, USA, Jackson W. Kiser, MD,
section chief for molecular imaging, and
James R. Crowley, MHA, CNMT, imaging
services manager for nuclear medicine,
PET/CT, and CT, have been working

18

together since 2015 to ensure their
department offers the most precise
and effective nuclear medicine
practices. They focus on building
relationships with specialists and
surgeons in other departments by
educating them about the benefits of
new approaches, not only in
diagnostics, but in disease treatment
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and management. “We typically talk
about evidence-based practices first,
improved outcomes second, and cost
much later,” Crowley explains.
Kiser and Crowley describe their work
promoting underutilized areas of
nuclear medicine as akin to being doorto-door salesmen. “Hospital physicians
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Adapting our practice to a pandemic
This past year has been one for the books. Like all healthcare facilities, we had to adapt to
an ever-evolving pandemic while maintaining our commitment to our patients. Ensuring the
continuation of their care by providing a safe and caring environment has always been our
top priority.
Within our nuclear medicine department, our response to the arrival of SARS-CoV-2 was,
and continues to be, one based in practicality. Like many other fields, we found ourselves in
a situation where, to adapt adequately, we had to prioritize. We began by reviewing all examination requests to determine
those that should be deemed more urgent than others. We decided studies that were not urgent or emergent would be
postponed for 30 days; once there was an additional plan to safely manage and navigate patients through potential
COVID-19 areas, non-emergent scans resumed. Examples of these types of examinations were gastric emptying, renograms,
and gallbladder scans for biliary dyskinesia.
Throughout the early phases of the pandemic, we never denied an imaging procedure that was needed for urgent
management, and we continued imaging all oncologic PET/CT or nuclear medicine patients who were receiving active care.
Yet, we saw that in many instances, some patients were hesitant to come to a healthcare facility out of concern for COVID-19
exposure. We had to create an atmosphere that conveyed safety and the sense that all precautions were being taken to
minimize any potential risk of transmission. Due to this hesitancy, as well as our work to safely resume imaging of all nonurgent procedures, we did experience a decrease in procedure volume throughout the first several months of the pandemic.
But as we settled into our “new normal” and patients became familiar with new safety processes, procedure volumes
returned to a more normal state as we entered the fall season of 2020. Currently, we believe our examination volumes to be
above what they were prior to the pandemic, and we are now offering all routine procedures except ventilation studies.
While the past year presented unforeseen challenges, our dedication to our patients, their care, and their safety guided our
successful response. As we move forward, our ability to provide a safe environment for everyone at Carilion Roanoke
Memorial Hospital will continue to guide our practice and daily operations.

aren’t familiar with imaging; it’s our
specialty and we need to teach them
how to use it to the benefit of their
patients,” states Kiser.
Educational and collaborative efforts
are the hallmark of how Kiser and
Crowley navigate the changing
healthcare landscape and strategically
guide their practice to offer imaging
solutions that aid in the best care
delivery to patients at CRMH.

Switching cardiac imaging
from SPECT to PET

Jackson Kiser, MD, and James Crowley, MHA, CNMT,
examine a protocol before beginning a patient scan.

To ensure CRMH offers the best
cardiac-imaging practice, Kiser and
Crowley focus their efforts on moving
certain cardiac examinations from
SPECT to PET.
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“By utilizing cardiac PET we reduce the
number of unnecessary invasive procedures,
the need for catheterization, patient length of
stay, and we are able to scan more patients.”
Jackson W. Kiser, MD, Carilion Roanoke Memorial Hospital

Both had previous experience with
cardiac PET before they joined CRMH,
“so with some coaxing, we were able
to convince our colleagues it was a
better way to go,” Crowley recalls. The
decision was supported by a powerful
statement issued in 2016 by the
American Society of Nuclear
Cardiology (ASNC) and the Society of
Nuclear Medicine and Molecular
Imaging (SNMMI) that detailed the
recommendations for myocardial
perfusion PET based on its superior
performance over other noninvasive
diagnostic methodologies.1
Crowley stresses that from the
administrator’s point of view, the
major advantages of cardiac PET, when
compared to nuclear cardiac
examinations, are a decreased length
of stay and elimination of two-day
procedures. “A typical nuclear cardiac
exam on an inpatient would take
between three and five hours to get
quality images, whereas cardiac PET
can take 30 minutes. Additionally,
inpatient nuclear cardiac exams are
challenging due to confounding issues
such as general inactivity, lack of
bowel motility, increased bowel
uptake, and general malaise, which
leads to less treadmill and more
chemical stress testing and repeat
exams,” he notes.
Accompanying an increase in the
utilization of cardiac PET comes a shift
in cardiac PET tracers, in which Kiser
anticipates, “we will retain rubidium
[82Rb] but we expect to eventually
move to ammonia [13N].” CRMH is

20

planning a large prospective,
randomized study to compare the two
radioisotopes in around 1,000 patients.

departments, and notes, “it’s a very
important aspect of why we have been
successful in this effort.”

Navigating change with
education and collaboration

Concerns about costs associated with
PET sometimes arise, but Kiser stresses
the necessity of examining the cost to
the overall facility, not just one
department. “By utilizing cardiac PET we
reduce the number of unnecessary
invasive procedures, the need for
catheterization, patient length of stay,
and we are able to scan more patients.
We believe the overall cost to the facility
is comparable to that of cardiac SPECT.”

As with many changes, there was some
initial resistance regarding the switch
to cardiac PET among hospital
cardiologists, “but once they learned
how to read the scans, they embraced
it,” Kiser and Crowley recollect. “We
were lucky to be able to make the
switch collegially,” Kiser stresses. “My
counterpart in cardiology, Dr. Matthew
Schumaecker, had experience with
cardiac PET and knew its power.”
Crowley pays tribute to the
collaboration between Kiser and
Schumaecker for their ability to build
the bridge between their two

James Crowley, MHA, CNMT, and
Jackson Kiser, MD, stand next to
their PET/CT, the utilization of
which now includes cardiac
examinations.
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Expanding SPECT imaging in
non-cardiac areas
Kiser and Crowley recognized that
moving cardiac imaging to PET would
create a deficiency in SPECT

Expanding

procedures, since cardiac imaging
comprised 40 percent of the total volume
of nuclear medicine procedures, which
translated to a 40 percent reduction in
total billable procedures in the nuclear
medicine department. Today, those
40 percent of SPECT cardiac procedures
have been replaced with other types of
SPECT examinations. “We started doing
SPECT/CT whenever we needed to
better delineate anatomy,” Crowley
recalls. “We began with
lymphoscintigraphy for our surgeons
and then moved to diagnosis of
gastrointestinal bleeding for our
interventional radiologists.” They also
identified new opportunities to utilize
SPECT/CT in the evaluation of bone
lesions caused by primary prostate and
breast cancers. “We believed that
blastic components would benefit from
a more sensitive and accurate exam,”
Kiser explains. “Now all these patients
have a whole-body SPECT/CT.”
CRMH recognized the potential for
SPECT/CT in orthopedics, particularly
spine work. Ethan Colliver, DO, a
specialist in physical medicine and
rehabilitation, based nearby in
Blacksburg, Virginia, was an early
adopter.2 Since the hospital’s own spine
surgeons never ordered nuclear exams,
“we talked to them about SPECT/CT and
began the conversation by detailing
how SPECT/CT may be better clinically
than MRI in some indications relating
to physiology. We also explained
SPECT/CT’s dose is comparable to, or
less than, a CT scan,” Crowley relates.

Orthopedic studies account for 30 to
40 percent of SPECT examinations
performed at the hospital, with the
remaining procedures primarily
attributed to oncology. Expanding
beyond these two indications, CRMH
has also moved SPECT utilization into
neurology by conducting ictal SPECT
examinations for epileptic patients. In
the pulmonary field, V/Q lung SPECT/CT
will be used for the visualization of
suspected pulmonary embolism. “We
will roll it out for emergency and inhouse patients to determine how it
impacts critical care and pulmonology
practice, then start it for the
cardiothoracic surgeons for
preoperative lung resection planning,”
Kiser anticipates.

Building bridges for future
expansion
It’s apparent Kiser and Crowley are
invested in preparing their department
for the future.
Envisioning their practice moving
forward, Kiser declares, “theranostics is
the biggest thing in nuclear medicine
right now and we want to be at the
forefront. With theranostics you can
eliminate unnecessary surgeries and
use a targeted molecular therapy that
increases overall survival by years. This
approach to personalized medicine is
the way of the future, and we need to
embrace it and figure out how to do it
better,” he says. To start, the hospital’s
oncology and nuclear medicine

departments collaborated and received
approval to convert one of the hospital
buildings into a theranostics center.
Kiser urges, “You can’t be a radiologist
who just sits in the office waiting for
images to arrive at your desk where
you read them and push them out. You
have to be interactive, proactive, and
be an educator and advocate.”

Linda Brookes is a freelance medical
writer and editor who divides her time
between London and New York, working
for a variety of clients in the healthcare
and pharmaceutical fields.

The content in this material was created just
prior to the outbreak of the COVID-19 pandemic. Therefore, the depictions may not reflect
the situation following the implementation of
strict protective measures.
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Fluoroestradiol F 18–
a molecular marker becomes
commercially available
for PET imaging in
metastatic breast cancer
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On May 20, 2020, a new radiopharmaceutical agent was
approved by the United States Food and Drug Administration (FDA)
for use with PET imaging: Fluoroestradiol F 18 (FES). Known in
the United States as Cerianna™, the radiopharmaceutical is an
estrogen analog (16α-[18F]-fluoro-17β-estradiol) and the first
F-18 PET imaging agent to be indicated for the detection of
estrogen receptor (ER)-positive lesions as an adjunct to biopsy
in patients with recurrent or metastatic breast cancer (MBC).1,2
By Linda Brookes | Illustrations provided by Zionexa SAS

C

erianna was developed by Zionexa SAS
(Paris, France) and is exclusively
manufactured and distributed
throughout the United States by
PETNET Solutions, Inc., a Siemens Healthineers
company (Knoxville, TN, USA). “Cerianna’s
approval is a huge milestone for patients with
recurrent and metastatic breast cancer,” says
Peter Webner, CEO of Zionexa US (Indianapolis,
IN, USA). “It will be a tool available to help
provide oncologists with a picture of the
estrogen receptor expression. We can now
image the whole body and provide information
on ER status in many lesions, not just a singlebiopsied lesion,” he declares.

6 (CDK4/6) inhibitors. The outlook for MBC
patients has changed tremendously with the
introduction of these therapies, Webner notes.
Between 1985 and 2016, median overall
survival in women with MBC improved from
13 months to 33 months and 5-year survival
increased from 10 percent to 27 percent.7
Despite the utility of endocrine therapy, ER
discordance and inter-tumor heterogeneity
likely contribute to low treatment response
rates, Webner explains. Discordance in ER
expression between the primary tumor and
metastases occurs in about 20 percent of
breast cancer patients.8

Determining ER status in MBC
ER status is important in breast cancer for risk
assessment and predicting response to
therapy. Both the US National Comprehensive
Cancer Network (NCCN) and the American
Society of Clinical Oncology (ASCO)
recommend ER testing of lesions in any
primary or newly metastatic breast cancer.3,4
Approximately 75 percent of all breast cancers
in women, and 99 percent in men, are ERpositive,5,6 and almost all these patients will
be candidates for endocrine therapies
including selective estrogen receptor
modulators (SERMs), selective estrogen
receptor degraders (SERDs), aromatase
inhibitors, and cyclin-dependent kinase 4 and

Peter Webner,
Zionexa US

Yann Bouvet, PhD,
Zionexa SAS
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ER status may differ between metastatic lesions,
and cancers that switch to low ER expression
(around 20 percent) often have characteristics
more similar to ER-negative cancers. These types
of cancers are unlikely to respond to hormonally
driven therapy, which has clinical and economic
consequences, explains Yann Bouvet, PhD, chief
science officer (CSO), at Zionexa SAS.
To date, the gold standard for determining ER
status in MBC is immuno-histochemistry (IHC)
on tissue biopsies from the primary tumor and
usually a single metastasis, although most MBC
patients have many metastases, most frequently
in bone and lung. Obtaining tissue by biopsy can
be particularly difficult at these sites and IHC is
not used consistently in MBC patients, even if
recommended by guidelines like those of the
NCCN, Bouvet says. As a result, he maintains,
treatment decisions are often based on
incomplete and imperfect information. Another
disadvantage of biopsy is that it is an invasive
and painful exam, he notes.

FES-PET versus biopsy IHC
The use of FES in PET imaging (FES-PET) has
many advantages for the clinician and patient,
Bouvet stresses. The FES imaging agent is
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administered by intravenous injection and
provides results within 24 hours of the exam,
compared to two weeks with IHC. Importantly,
unlike IHC, FES-PET can assess ER expression
of every tumor in the body simultaneously,
providing what Webner calls, “an ER status
map of the whole body.” FES-PET/CT can
also distinguish between ER-positive and
-negative lesions, which cannot be done
with standard imaging.
FDA approval for Cerianna was based primarily
on trial data that confirmed the diagnostic
accuracy of FES-PET versus IHC9 and the
correlation of low FES uptake with lack of ER
expression.10 Analysis of ER status determined by
FES-PET versus biopsy IHC showed an overall
sensitivity and specificity of 83 percent on
metastatic lesions and primary tumor.11
FES-PET is associated with acceptable levels of
radiation exposure and a high safety profile with
the potential for injection site pain and
dysgeusia as the main side effects, occurring in
less than one percent of patients. The primary
consideration for FES-PET is the need for prior
washout of drugs like tamoxifen or fulvestrant,
which block the estrogen receptor and would
impact the uptake of FES, Bouvet explains.

Advancing

Cerianna™ (18F-FES)
Indications and Usage
• 18F-FES is a radioactive diagnostic agent indicated for PET imaging.
• 18F-FES is indicated for the detection of ER-positive lesions as an adjunct to biopsy in patients with recurrent or
metastatic breast cancer.
Limitations of Use
• Tissue biopsy should be used to confirm recurrence of breast cancer and to verify ER status by pathology.
18F-FES is not useful for imaging other receptors, such as HER2 and PR.

Important Safety Information
Adverse Reactions – Reported adverse reactions include: injection site pain and dysgeusia.
Radiation Risks – Ensure safe drug handling and patient preparation procedures to protect patients
and health care providers from unintentional radiation exposure.
Risk of Misdiagnosis – Do not use CERIANNA in lieu of biopsy when biopsy is indicated in patients
with recurrent or metastatic breast cancer.
Contraindications – None.
Use in Specific Populations – Lactation: Interrupt breastfeeding.
Advise a lactating woman to avoid breastfeeding for 4 hours after CERIANNA administration
To report SUSPECTED ADVERSE REACTIONS, contact Zionexa US Corp at +1.844.946.6392
or FDA at 1-800-FDA-1088 or www.fda.gov/medwatch.

Dosage and Administration
Dosage form and strengths
• Injection: clear, colorless solution in a multiple-dose vial containing 148 MBq/mL to 3,700 MBq/mL (4 mCi/mL to 100
mCi/mL) of Cerianna at end of synthesis.
Patient preparation
• Drink water to ensure adequate hydration prior to administration of 18F-FES
• Continue drinking and voiding frequently during the first hours following administration to reduce radiation exposure
Dosage and administration
• Activity recommended is 222 MBq (6 mCi), with a range of 111 MBq to 222 MBq (3 mCi to 6 mCi)
• Administration : single IV injection of 10 mL or less over 1 to 2 minutes
• Use aseptic technique and radiation shielding when withdrawing and administering FES.
• Visually inspect the radiopharmaceutical solution
• FES may be diluted with 0.9% Sodium Chloride Injection, USP
• Assay the dose in a suitable dose calibrator prior to administration
Post administration
• Follow FES injection with an IV flush of 0.9% Sodium Chloride injection, USP

Safety of 18F-FES
Safety was determined from 1,207 patients with breast cancer receiving at least one Fluoroestradiol F18 administration
Age range = 21-91 years
• 98% were women
• 76% were post-menopausal
Safety profile was based on clinical studies + NCI investigator’s brochure:
• No serious adverse events
• Adverse events with <1% frequency
• Injection site pain
• Dysgeusia
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“New biomarkers just don’t come
around that often and this one,
in particular, is highly attractive
in the market today.”
Barry Scott, PETNET Solutions

FES-PET-driven
personalized medicine
“Our goal is to be able to help identify the
patients that will best benefit from therapy,”
Webner stresses. “With FES-PET we can identify
patients who have estrogen-driven disease versus
the ones who don’t, or the ones who have mixed
disease. Then the clinician has actionable data
with which they can make a therapeutic choice
that should help them extend the patient’s
survival and hopefully give them a better
outcome.” When the options involve expensive
drugs, the choice can also be cost effective,
Webner adds. For example, patients with 100
percent FES positivity appear to benefit most
from treatment with CDK4/6 inhibitors12 and,
“since they are not indicated for ER-negative
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disease, there’s clear financial benefit in having
the patient go on to an alternate therapy that will
give better outcomes,” Webner explains.
Zionexa aims to extend the indication for
Cerianna by supporting what was observed in
small populations during clinical trials to use it
for early response to endocrine therapy. The
IMP ACT-MBC (IMaging PAtients for Cancer
Drug selecTion - Metastatic Breast Cancer) trial
is looking at the clinical utility of experimental
PET scans, including FES, in the setting of MBC
at first presentation, and initial results appear
promising.13 Another multicenter clinical trial
being carried out by the ECOG-ACRIN Cancer
Research Group is evaluating the predictive
value of FES in patients with newly diagnosed
breast cancer.

Advancing

New era for an old concept
FES was first synthesized over 30 years ago14
and has since been studied in breast cancer
imaging worldwide, Webner recalls. The
original formulation was stable for only 4-6
hours, and could only be produced in small
batches. Zionexa was able to develop an
industrial process and subsequently obtain a
formulation with high-specific activity and an
expiry period of 10 hours. The company was
granted a patent for its formulation and
process in July 2020.
“F-18 isotopes have a half-life of 110 minutes,
so partnering with a world class organization
like PETNET Solutions will be key to timely
regional manufacturing and distribution
throughout the country,” Webner emphasizes.
Barry Scott, CEO of PETNET Solutions, explains
that with a network of 43 cyclotron-equipped
pharmacies across the United States, PETNET
Solutions can reach a broad spectrum of
population in the nation, ensuring that
hospitals and imaging centers have access to
novel biomarkers like Cerianna.

New products are always challenging to launch,
Webner observes. “Changing the way physicians
practice is not a quick process and we need to
work with oncologists to help them identify the
correct patient profiles for this exam and with
imagers to ensure they provide actionable
information to the referring physicians,” he states.
“Since FES-PET is a type of receptor imaging,
interpreting a Cerianna scan is different from most
other PET tracers currently in use. An important
step will be to have FES-PET included in national
breast cancer management guidelines, which are
key in breast cancer care,” Webner adds.
Based on PETNET Solutions’ commercial
experience, Scott is optimistic about the future
of Cerianna. “New biomarkers just don’t come
around that often and this one, in particular, is
highly attractive in the market today,” he
declares.

Linda Brookes, MSc, is a freelance medical writer and
editor, dividing her time between London and New York,
working for a variety of clients in the healthcare and
pharmaceutical fields.
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A step toward
precision treatment
in breast cancer
Staff at the first imaging center in the United States to
receive and utilize doses of the new radiopharmaceutical,
Cerianna™ (fluoroestradiol F 18) injection, describe how it
could impact their practice and the subsequent treatment of
patients with recurrent or metastatic breast cancer.
By Linda Brookes | Photography by Winni Wintermeyer

I

n May 2020, Cerianna (Zionexa US,
Indianapolis, IN), was approved by the US Food
and Drug Administration (FDA) as the first F-18
PET imaging agent to be indicated as an
adjunct to biopsy for the detection of estrogen
receptor (ER)-positive lesions in patients with
recurrent or metastatic breast cancer (MBC).1,2
Approximately 75 percent of breast cancers in
women and 99 percent in men are ER-positive,3,4
and almost all these patients will be candidates
for endocrine therapies. Patients with ER-positive
MBC may respond well to appropriate therapy,
but these therapies will not be effective if there is
no ER expression in the metastatic lesions, so it is
important to determine ER status to guide
therapy.5,6 In studies, 18F-Fluroroestradiol was
shown to be as effective in determining ER status
in MBC as immunohistochemistry (IHC) tissue
biopsy,7 and is especially valuable in evaluating
cases with multiple metastases.

28

Imaging Life · 2021 · siemens-healthineers.com/NMNS

Advancing

Cerianna™ (18F-FES)
Indications and Usage
• 18F-FES is a radioactive diagnostic agent indicated for PET imaging.
• 18F-FES is indicated for the detection of ER-positive lesions as an adjunct to biopsy in patients with recurrent or
metastatic breast cancer.
Limitations of Use
• Tissue biopsy should be used to confirm recurrence of breast cancer and to verify ER status by pathology.
18F-FES is not useful for imaging other receptors, such as HER2 and PR.

Important Safety Information
Adverse Reactions – Reported adverse reactions include: injection site pain and dysgeusia.
Radiation Risks – Ensure safe drug handling and patient preparation procedures to protect patients
and health care providers from unintentional radiation exposure.
Risk of Misdiagnosis – Do not use CERIANNA in lieu of biopsy when biopsy is indicated in patients
with recurrent or metastatic breast cancer.
Contraindications – None.
Use in Specific Populations – Lactation: Interrupt breastfeeding.
Advise a lactating woman to avoid breastfeeding for 4 hours after CERIANNA administration
To report SUSPECTED ADVERSE REACTIONS, contact Zionexa US Corp at +1.844.946.6392
or FDA at 1-800-FDA-1088 or www.fda.gov/medwatch.

Dosage and Administration
Dosage form and strengths
• Injection: clear, colorless solution in a multiple-dose vial containing 148 MBq/mL to 3,700 MBq/mL (4 mCi/mL to 100
mCi/mL) of Cerianna at end of synthesis.
Patient preparation
• Drink water to ensure adequate hydration prior to administration of 18F-FES
• Continue drinking and voiding frequently during the first hours following administration to reduce radiation exposure
Dosage and administration
• Activity recommended is 222 MBq (6 mCi), with a range of 111 MBq to 222 MBq (3 mCi to 6 mCi)
• Administration : single IV injection of 10 mL or less over 1 to 2 minutes
• Use aseptic technique and radiation shielding when withdrawing and administering FES.
• Visually inspect the radiopharmaceutical solution
• FES may be diluted with 0.9% Sodium Chloride Injection, USP
• Assay the dose in a suitable dose calibrator prior to administration
Post administration
• Follow FES injection with an IV flush of 0.9% Sodium Chloride injection, USP

Safety of 18F-FES
Safety was determined from 1,207 patients with breast cancer receiving at least one Fluoroestradiol F18 administration
Age range = 21-91 years
• 98% were women
• 76% were post-menopausal
Safety profile was based on clinical studies + NCI investigator’s brochure:
• No serious adverse events
• Adverse events with <1% frequency
• Injection site pain
• Dysgeusia
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“It didn’t take long for PETNET
to manufacture the product and
provide us with a dose for the first
patient. It’s as simple as delivering
any other radiopharmaceutical,
so not difficult at all.”
Ruth Tesar, Northern California PET Imaging Center

30

Cerianna reaches first
US imaging center

More specific imaging
in breast cancer

PETNET Solutions Inc., a Siemens Healthineers
company (Knoxville, TN, USA), manufactured and
distributed the first commercial dose of Cerianna
within the United States in December 2020 at
its San Francisco, California, production site.8
The first location to receive and utilize Cerianna
was the Northern California PET Imaging Center
(NCPIC) based in Sacramento. Established in
1992 as a non-profit, public-benefit corporation,
NCPIC was one of the first free-standing
outpatient PET centers and the first nonresearch-based PET center in the United States.
The NCPIC team has helped establish data to
support many US clinical indications for PET in
oncology, which constitutes around 95 percent of
their work, says Ruth Tesar, NCPIC’s CEO. “We
have had a very long relationship with PETNET
and the company looks to us to pave the way in
helping get a new tracer or modality out to the
community,” Tesar says. “It didn’t take long for
PETNET to manufacture the product and
provide us with a dose for the first patient.
It’s as simple as delivering any other
radiopharmaceutical, so not difficult at all.”

“PET has been really successful because it
can image many types of cancer, but what
the PET community has wanted for many
years is for the radiopharmaceuticals and
the procedures that we offer to be much
more specific,” Tesar says. Fludeoxyglucose
F 18 injection (18F FDG), the most widely
used PET/CT radiopharmaceutical in
oncology is, ”a great agent, very easily
accessible, and very inexpensive to use,
but one of its limitations is that it is very
non-specific,” says Jaideep S. Sohi, MD,
NCPIC’s medical director. “On an FDG PET
scan you can see regions that are positive
that could be either malignant, benign
infectious, or inflammatory disorders.
Oftentimes it causes a diagnostic dilemma,”
he notes. “With Cerianna we get really
specific imaging, and that’s a huge benefit
for patients with ER-positive breast
carcinoma. It has the potential to help
oncologists choose the most appropriate
therapy for their patients, so we’re very
excited in that respect,” he says.
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Practical considerations
with Cerianna
PET/CT scans with Cerianna are acquired in a
very similar way to those with FDG, says Hitesh
Patel, CNMT, one of the three nuclear medicine
technologists at NCPIC. Yet one noticable
difference Hitesh notes is in the patient
preparation, in which patients must fast for 4-6
hours before an injection of FDG, whereas this is
not necessary with Cerianna. “The recommended
dose for Cerianna is 6 (range 3-6) millicuries,
whereas FDG is weight dependent, so we
average about 12 millicuries per patient,” Patel
says. Sohi stresses the importance of having
patients stop certain breast cancer medications,
such as ER modulators or down-regulators like
tamoxifen or fulvestrant, that can decrease
uptake of Cerianna and reduce detection of

ER-positive lesions. “It’s crucial to ensure that
patients are off these medications for typically 8
weeks (tamoxifen) or 28 weeks (fulvestrant)
before the scan. This is a key point compared
with other PET tracers,” he says.
When interpreting a Cerianna scan, “it is
important to take the time to look at prior
imaging studies and compare them in detail,
because often the findings on Cerianna PET
may be subtle and could be missed,” Sohi
advises. “The great thing about Cerianna is that
you only see truly abnormal uptake in tissues
that are ER-positive, such as breast carcinoma
or pelvic or uterine malignancies, and not in
other normal tissues,” he says. “Since this
tracer is metabolized through the liver and
excreted through the biliary tract, these areas
will also show high activity,“ Sohi adds.

Fludeoxyglucose F 18 5-10mCi as an IV injection
Indications and Usage
Fludeoxyglucose F 18 Injection is indicated for positron emission tomography (PET) imaging in the following settings:
• Oncology: 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.
• Cardiology: For the identification of left ventricular myocardium with residual glucose metabolism and reversible loss
of systolic function in patients with coronary artery disease and left ventricular dysfunction, when used together with
myocardial perfusion imaging.
• Neurology: For the identification of regions of abnormal glucose metabolism associated with foci of epileptic seizures.

Important Safety Information
• Radiation Risks: Radiation-emitting products, including Fludeoxyglucose F 18 Injection, may increase the risk for
cancer, especially in pediatric patients. Use the smallest dose necessary for imaging and ensure safe handling to
protect the patient and health care worker.
• Blood Glucose Abnormalities: In the oncology and neurology setting, suboptimal imaging may occur in patients with
inadequately regulated blood glucose levels. In these patients, consider medical therapy and laboratory testing to
assure at least two days of normoglycemia prior to Fludeoxyglucose F 18 Injection administration.
• Adverse Reactions: Hypersensitivity reactions with pruritus, edema and rash have been reported; have emergency
resuscitation equipment and personnel immediately available. Full prescribing information for Fludeoxyglucose F 18
Injection can be found at the conclusion of this publication.

Dosage Forms and Strengths
Multiple-dose 30 mL and 50 mL glass vial containing 0.74 to 7.40 GBq/mL (20 to 200 mCi/mL) of Fludeoxyglucose F 18
injection and 4.5 mg of sodium chloride with 0.1 to 0.5% w/w ethanolas a stabilizer (approximately 15 to 50 mL
volume) for intravenous administration. Fludeoxyglucose F 18 injection is manufactured by Siemens’ PETNET Solutions,
810 Innovation Drive, Knoxville, TN 39732
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“With Cerianna we get really
specific imaging, and that’s a
huge benefit for patients with
ER-positive breast carcinoma.”
Jaideep S. Sohi, MD, Northern California PET Imaging Center

Educating patients,
payers, and clinicians
As part of their role in advocating for patient
care, the NCPIC team works hard to raise
awareness around new imaging opportunities
such as Cerianna. “We’re focused on patientcentered medicine,” Sohi stresses. One
challenge for patients—in addition to their
willingness to come in and undergo this
imaging—is reimbursement, which is still being
negotiated as of January 2021, he notes. Tesar
is optimistic that this process will not take long.
“It is a lot easier than it was 20 years ago when
we started, but it takes a team to educate the
right people to get coverage for this procedure,
because they don’t get to see how it changes
patients’ lives. We’re a little more passionate
about getting coverage quickly because we get
to see how it benefits people,” she admits.
Oncologists also need education about what
is available to them, Sohi adds. “They’re
extremely excited about what Cerianna has to
offer because they see patients every day who
could benefit from it,” he says. When the team
used Cerianna for the first time, “because this
was a new modality and we were the first to
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use it in the region, I made sure to call the
referring physician to discuss what I observed
on the scan and how the findings could
potentially affect their treatment plan,” Sohi
recalls. He was able to confirm that, “based
on what we saw, the referring physician felt
Cerianna PET helped him in the treatmentdecision process and was going to modify
the therapy for the patient accordingly.”

Future of Cerianna and
precision oncology
Sohi believes Cerianna can make a difference to
the overall treatment planning and care of MBC
patients. He anticipates that, after it becomes
widely available and reimbursement has
been finalized, Cerianna will become part
of established breast-cancer management
guidelines. “Then we will see many more
patients being able to utilize this imaging
modality,” he says. Long term, he foresees
combinations of imaging modalities, laboratory
tests, and genomic testing being used in
precision oncology. “We’re slowly but surely
increasing our panel of imaging agents to look
at specific tumors, and I see that expanding
rapidly in the next few years,” he predicts.

Advancing

Jaideep S. Sohi, MD, Ruth Tesar, and Hitesh Patel, CNMT,
gather to discuss the benefits of Cerianna.

The statements by Siemens Healthineers customers
described herein are based on results that were achieved
in the customer’s unique setting. Since there is no “typical”
hospital and many variables exist (e.g., hospital size, case
mix, level of IT adoption) there can be no guarantee that
other customers will achieve the same results.

Linda Brookes, MSc, is a freelance medical writer and
editor, dividing her time between London and New York,
working for a variety of clients in the healthcare and
pharmaceutical fields.
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A practical approach
to cardiac PET/CT

SPECT/CT is the most common nuclear medicine imaging
modality used to visualize blood circulation in the heart;
however, in an increasing number of locations, facilities
are switching to PET/CT. The Northwest Clinics in the
Netherlands has been one of the region’s pioneers in
deploying cardiac PET/CT on a large-scale clinical basis.
Original Dutch text by Remco Zuiderent (Fortelle) | English translation by Omnilingua Worldwide, LLC | Photography by Michel Campfens
Data courtesy of Northwest Clinics, Alkmaar, The Netherlands
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N

orthwest Clinics has a
remarkably large nuclear
medicine department with a
long track record that began
in 2004 when it became one of the
first hospitals in the Netherlands to
install a PET/CT scanner. Fast forward
to 2019 and the PET/CT center, located
in the city of Alkmaar, is one of the
departments for which Northwest
Clinics received a top clinical ranking in
the STZ (Cooperating Top Clinical
Training Hospitals) register. Northwest
Clinics additionally received another
top clinical ranking for cardiac imaging,
a special focus for the nuclear medicine
physicians in Alkmaar. In recent years,
more than 6,000 patients have been
examined for myocardial perfusion
using PET/CT, which makes Northwest
Clinics one of the cardiac-imaging
leaders in the Netherlands. Yet, on a
national basis, SPECT/CT is often still
the standard technique for this type
of examination.

Advantages of PET/CT
To many, the advantages of cardiac
PET/CT are obvious. “In simple terms,
you need less radiation, and you get
high image quality with the potential
for accurate diagnosis,” says medical
physicist Sergiy Lazarenko, PhD, who
made the transition from University
Medical Center Groningen (UMCG) to
Northwest Clinics in Alkmaar almost
ten years ago to help establish
a high-quality nuclear medicine
department. Together with nuclear
medicine physician Remco Knol, MD,
PhD, the pair are two of the organizers

of the Alkmaar Cardiac PET/CT
Workshop. Knol says, “a key advantage
of PET/CT is that you can quantify,
which makes an important difference
in cardiological evaluation. With SPECT,
we lack that quantitative information
and can only produce diagnoses using
images. Sometimes that gives an
incomplete view of the situation.” In
other words, when using SPECT/CT,
image interpreters can often see that
the heart muscle is perfused, but the
absolute myocardial blood flow
cannot be assessed.

Predictive value
The precise information PET/CT offers
can be used to determine the effect of
narrowing on cardiac blood flow—even
in small blood vessels—which is not

clearly visible on a SPECT image. In
addition, using a PET/CT scan, physicians
can identify tissue that is no longer viable
following a heart attack, as well as tissue
that is damaged but can still recover with
restored blood flow. PET/CT scans are
thus an excellent method for assessing
whether interventions, such as stent
placement, can be advantageous.

Logistical challenges
PET/CT is far from being in use
everywhere, partly because it is a more
complex technique. The radioactive
materials decay much more quickly
than those used in SPECT examinations,
which have a half-life of hours or
even days. The radiotracer used by
Northwest Clinics is ammonia labeled
with the radioactive isotope

“A key advantage of PET/CT is that you
can quantify, which makes a huge
difference in cardiological evaluation.”
Remco Knol, MD, PhD, Northwest Clinics, Alkmaar
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Lazarenko and Knol stand in front of their nuclear
medicine department’s Biograph Vision PET/CT scanner.

nitrogen-13 (13N). “This is a great
substance for visualizing heart muscle
blood flow,” says Knol. “But the logistics
are a major challenge as it has a halflife of 10 minutes.” Northwest Clinic’s
onsite cyclotron helps them address
these logistical challenges.
Despite the logistical challenges of using
tracers with a short half-life, Lazarenko
says the approach with PET/CT has its
advantages. “It means that, in one study,
the patient can have both rest and stress
examinations, whereas SPECT requires
two examinations on separate days due
to the long time the substance remains
in the system.” On the other hand, there
is the downside that you must make the
tracer on site because, due to the short
half-life, road transport is simply not an
option. Lazarenko says, “ever-smaller
cyclotrons make it feasible for more
hospitals to do this. You need a good
business case for this, with sufficient
patient numbers. Logistically, given the
time pressure, all steps in the process
need to be coordinated in detail.”
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Knol adds, “in addition, producing
and assessing cardiac scans requires
specific experience.”

Benefits of technology
Alkmaar’s top-ranked cardiac imaging
approach is achieved, in part, because
of Northwest Clinic’s commitment to
providing advanced scanner technology,
software, and protocol optimization.
Significant time savings have been
achieved in cardiac PET/CT examinations
thanks to a protocol developed in
Alkmaar. Lazarenko explains, “normally,
an examination would take about an
hour, mainly because you needed a
certain waiting time between the rest
and stress images. Without that waiting
time, the residual radiation from the
first examination would disturb the
subsequent second scan. However,
together with Siemens Healthineers, we
have developed an algorithm that filters
out that ‘residual activity.’ As a result,
we can start the second examination

Imaging Life · 2021 · siemens-healthineers.com/NMNS

much sooner, which means the total
examination time is just 25 minutes.”
In addition to the shortened
examination times, image quality has
also improved. Lazarenko reveals,
“thanks to the improved software the
risk of artifacts, for example, is much
lower. In older systems, crucial ‘blind
spots’ in the image can be caused by a
mismatch of the CT and PET images.”
Knol emphasizes, “that is the major
issue you can experience with this type
of examination. Our Biograph Vision™
has additional software [CardioFreeze™
and OncoFreeze™] that reduces motion
artifacts. This constitutes a huge leap
forward in quality.”

Sharing knowledge
Knol, Lazarenko, and colleagues now
want to share the knowledge and
possibilities of cardiac PET/CT that
were developed in Alkmaar. According
to Lazarenko, “last year, we got into
a conversation with international
colleagues at a conference and

Transitioning

Adenosine stress (top) versus rest
(bottom) 13N-ammonia PET/CT
images in short-axis, horizontal
long-axis, and vertical long-axis
slices. A moderate-to-severe
reversible perfusion defect is
present in the anteroseptal and
apical myocardium due to a
significant LAD stenosis.

noticed there was a lot of interest.”
Northwest Clinics thus organized a
two-day workshop on cardiac PET/CT
in September 2020; the workshop
covered a range of sub-topics, from
specific clinical applications to the
possibilities of AI and the development
of a business case. The intent is for
the workshop to be an annual event,
with the next workshop occuring in
September 2021.
The objective of the workshop was to
offer a practical approach to cardiac
PET. Knol says, “you need to get a
handle on it for yourself. With the help

of Siemens Healthineers, we have
been able to obtain workstations
and licenses, and have selected
anonymized case histories from
our own database. In addition, the
participants—cardiologists, nuclear
medicine physicians, and radiologists—
can get to work on real examinations
during the afternoon sessions. That
is really the essence of what we want
to achieve. We have experienced for
ourselves how the imaging and
diagnostics of cardiac perfusion can
be improved with PET/CT. We want
to give people with no experience
the tools to get them started.”

The statements by Siemens Healthineers
customers described here in are based on
results that were achieved in the customer’s
unique setting. Since there is no “typical”
hospital and many variables exist (e.g.,
hospital size, case mix, level of IT adoption)
there can be no guarantee that other
customers will achieve the same results.

Biograph Vision is not commercially
available in all countries. Its future
availability cannot be guaranteed.

Explore the sessions offered in the Alkmaar Cardiac PET/CT Workshop
www.petctworkshop.nl/program
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An examination of nuclear
neurology in Japan
Population aging has transformed many aspects of society
throughout our world. Senior citizens are increasingly
acknowledged as important contributors to the community,
and social infrastructure development facilitates their
continued engagement. By the same token, senior citizens’
improved level of activity, productivity, and socioeconomic
status impact society and healthcare demands in
unexpected ways.
By Takeshi Shimizu, PhD
Data courtesy of Osaki Citizen Hospital, Japan
Data courtesy of National Center of Neurology and Psychiatry, Kodaira, Tokyo, Japan
Illustration by Kateryna Kon
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“W

hen I read the newspaper in
the morning, I may find an
article on a traffic accident by
a senile driver. Most of them
are patients with cognitive impairment, which
shows dementia is a risk to the whole society,”
says Jun Hatazawa, MD, PhD, chief executive
director of the Japan Radioisotope Association.
Throughout his forty-year career in nuclear
medicine, Hatazawa has witnessed the evolution
of the field as it continues to adapt to
technological advancements and changing
healthcare needs. He explains how the
introduction of a glucose-analog tracer in PET
imaging led to the decrease of SPECT
examinations throughout Japan. Yet, the steady
utilization of SPECT technology in neurology
examinations proves to be an exception to this
ongoing trend. Reflecting on the current use of
nuclear medicine in the assessment of
neurological cases, Hatazawa says, “the demand
for nuclear neurology is still increasing, even
during this difficult time of the COVID pandemic.”

Nuclear medicine’s objective evidence
Nuclear neurology’s demand is driven, in part, by
the high level of accessibility throughout Japan.
Beyond this practicality of access, nuclear
neurology continues to see an increase due to its

ability to provide objective evidence. “In the
clinical routine, patients suspected of cognitive
impairment are evaluated by a neurologist and a
psychiatrist using interview questions, which is a
non-specific and subjective method. But SPECT
and PET can provide objective evidence of such
diseases,” Hatazawa says.
Such objective evidence is crucial when
monitoring disease progression and assessing
the efficacy of a therapeutic plan. Now, with the
anticipated introduction of new therapeutics,
the objective evidence nuclear medicine can
provide will play an important role.
Hiroshi Matsuda, MD, PhD, director of the
Cyclotron and Drug Discovery Research Center
at Southern Tohoku Research Institute for
Neuroscience, emphasizes that the objective,
quantitative nature of nuclear medicine allows
physicians to harness the power of new
therapeutics by offering, “the critical time
window for intervention by a disease-modifying
drug.” To illustrate his point, Matsuda describes
his research using dopamine transporter (DaT)
imaging, which aids in the diagnosis of
movement disorders such as Parkinson’s
disease. Patients with Parkinson’s disease
develop various motor symptoms such as resting
tremor, rigidity, and slowness in voluntarymotion initiation that can lead to an increased

“Without absolute measurement
we can’t assess the benefit of the procedure.
Absolute quantification is beneficial
for patient management.”
Jun Hatazawa, MD, PhD, Japan Radioisotope Association
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Substantia Nigra

Normal

Parkinson’s disease

Computer illustration showing a healthy substantia nigra and degenerated substantia nigra in human brains. The
substantia nigra plays an important role in reward, addiction, and movement. Degeneration of this structure is
characteristic of Parkinson’s disease.

risk of falls and fractures. A selective loss of
dopamine-producing neurons, specific to the
substantia nigra structure in the mid-brain
region, is implicated in the disease origin.1 DaT
imaging with SPECT/CT allows for the
visualization of striatal dopamine transporter
deficiency associated with Parkinson’s disease.2
In a multicenter study, Matsuda and his team
worked to construct a normal database of
quantitative DaT imaging, during which they
confirmed dopamine transporter density largely
depends on age.3 He says, “dopamine transporter
density decreases by 6 percent in 10 years.
That’s a nearly 25 percent decrease when you
compare someone in their 30s and 70s. Modern
SPECT/CT allows attenuation correction and is
important for accurate measurement of receptor
density. With objective assessment, we can predict
the occurrence of movement disorder, which is
useful for the prevention of Parkinson’s disease.”

Nuclear medicine in stroke
Beyond movement disorders, SPECT/CT procedures
can identify relative changes in blood flow. Unlike
other organs, brain tissue does not have the
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capacity to store energy and constantly requires
the supply of oxygen and nutrients via blood
circulation. Cerebral perfusion SPECT/CT shows
how the brain is irrigated by blood and enables
visualization of brain functional impairment,
which is indicative of underlying cerebral
pathology. For example, symptoms of cognitive
impairment can be attributed to different
underlying causes, and the behavioral changes
precede cerebral structural changes due to
atrophy. In these cases, the functional
impairment patterns visualized by perfusion
SPECT/CT can be useful in the early-stage
differential diagnosis of dementia types.4 In
addition, cerebral perfusion exams remain in
steady demand throughout Japan to assess
patients with stroke. Hatazawa reiterates the
quantitative aspect of nuclear medicine is
uniquely important. “Representing radioactivity in
counts does not reflect its linear nature. If we
apply linearization of SPECT counts to the blood
flow, it increases detectability,” he says.
Yet Hatazawa thinks that normalizing SPECT
counts to a relative scale is not sufficient. “Next
is absolute measurement, and this would be
useful for repeated scans.” To illustrate a
repeated-scan scenario, he describes how

Transitioning

physicians can use SPECT to assess ischemic
stroke patients prior to treatment. “They may
undergo endovascular removal of stenoocclusive lesions and there will be a posttherapeutic assessment again. Some patients
may have higher perfusion in the occluded side,
some patients may still have low perfusion.
Without absolute measurement we can’t assess
the benefit of the procedure. Absolute
quantification is beneficial for patient
management,” he says.

Molecular imaging for amyloid scans
While SPECT examinations illustrate nuclear
medicine’s vital role in neurological imaging, the
recent development of new PET tracers raises
expectations for molecular imaging. Since 2012,
three new PET tracers were approved by the
United States Food and Drug Administration
(FDA) to image amyloid plaque accumulation,
and the scans must be visually interpreted by
trained readers to conclude a positive or
negative finding.5 However, a multicenter study
to assess efficacy of an amyloid tracer in Japan

showed that up to 10 percent of cases show a
focal, mild increase that can be interpreted as
either negative or positive.6
To address the need for quantification in
amyloid scans, Matsuda and his colleagues
utilized the Centiloid scale, a 100-point scale
that offers a standardized quantitative
amyloid-imaging measurement system
wherein a score of zero can be interpreted as
an amyloid-negative case. Matsuda says, “we
determined the threshold for Centiloid scale,
and it helps visual assessment.”7
In addition to PET/CT, Matsuda explains how
the use of PET/MR is an important aspect in
amyloid imaging. “To evaluate the amyloid
imaging, we need to differentiate cortical
from white matter accumulation. Fusion
between MR and amyloid PET shows exactly
whether the signals that are seen will be
useful for interpretation.” His current research
also expands the possibility of the PET/MR
system. “It is very difficult to diagnose
Alzheimer’s disease at the very early phase, or
preclinical stage without cognitive

A normal DaT image (top) with the corresponding MR image (bottom).
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Jun Hatazawa, MD, PhD, currently serves
as chief executive director of the Japan
Radioisotope Association. Before his current
role, he was a Professor of Nuclear Medicine
and Tracer Kinetics at Osaka University
Graduate School of Medicine. His specialty
includes human brain functional imaging,
early diagnosis of malignant tumors, and
radionuclide cancer therapy. As an advisory
member of International Atomic Energy
Agency (IAEA), he has been an advocate for
the safe use of radioisotopes in medicine. He
is committed to education and as the chair of
the Asia Oceania Federation of Nuclear
Medicine and Biology (AOFNMB) he regularly
gives educational seminars in countries
throughout Asia and the Middle East.

Hiroshi Matsuda, MD, PhD, is the current
director of the Cyclotron and Drug Discovery
Research Center at Southern Tohoku Research
Institute for Neuroscience and is a previous
director general at the Integrative National
Centre for Neurology and Psychiatry in
Tokyo, Japan. As an expert in both nuclear
medicine and magnetic resonance imaging,
he was the principal investigator of the
MRI Core in the Japanese Alzheimer’s
Disease Neuroimaging Initiative (J-ADNI).
His research led to the establishment of
statistical imaging analysis software
programs for the interpretation of cerebral
perfusion SPECT examinations, as well as the
hippocampal MRI voxel-based morphometry
used to aid in Alzheimer’s disease diagnosis.

“SPECT exams should be made more accessible
by reducing costs. It would be useful for
screening patients with cognitive risks, to
protect both themselves and a healthy society.”
Jun Hatazawa, MD, PhD, Japan Radioisotope Association
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impairment, when the patient’s cognition and
structural MRI shows normal pattern. We’re
now investigating brain network analysis with
resting-state functional MRI (rsfMRI). Using
diffusion tensor imaging, structure network
analysis of amyloid PET can be combined.”

Just the beginning
The growth of nuclear neurology in Japan is
partly due to the successful promotional
initiative by the nuclear medicine community.
“In the Japanese Society of Nuclear Medicine
membership, about 10 percent come from
neurology, surgery, and psychiatry. We reached
out to other societies and organized nuclear
medicine workshops many times. We established
many sophisticated methods because if it is not
known by referring doctors, our achievement will
not be accessible for patients,” Hatazawa says.
For many years, Hatazawa led the Asia Oceania
Federation of Nuclear Medicine and Biology
(AOFNMB). During his tenure, he advocated for
increased training and education for new and
existing nuclear medicine professionals.
Hatazawa explains that at times, in a developing
country, the government will establish a nuclear
medicine facility and staff it with healthcare
professionals who are not sufficiently trained.

“We have 84 member states and nuclear
medicine practice is very heterogeneous. In
developing countries, the most important thing
is human resource development,” he says.
Despite the challenges, Hatazawa is inspired by
the evolution of nuclear medicine and the
opportunities still to come, especially in
neurology. “I am very pleased to see the
technical advances I witness through my career
and am convinced about the bright future of
nuclear neurology. SPECT exams should be
made more accessible by reducing costs. It
would be useful for screening patients with
cognitive risks, to protect both themselves and a
healthy society.”

Takeshi Shimizu, PhD, is a molecular imaging clinical
marketing specialist at Siemens Healthineers. He holds a
PhD in biochemistry, microbiology, and molecular biology
and worked as a molecular imaging collaboration scientist
for Siemens Healthineers in Japan for 10 years prior to
assuming his current role.

The statement by Siemens Healthineers customers
described herein are based on results that were achieved
in the customer’s unique setting. Since there is no “typical”
hospital and many variables exist (e.g., hospital size, case
mix, level of IT adoption) there can be no guarantee that
other customers will achieve the same results.
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The convergence of
nuclear medicine and
musculoskeletal medicine
The treatment of musculoskeletal pain is a precise practice
that requires accurate localization of possible pain generators.
Given SPECT/CT’s intrinsic anatomical and physiological imaging
properties, it is an ideal choice in helping musculoskeletal
medicine practitioners locate pain origins and develop effective
treatment plans.
By Linda Brookes | Photography by Brett Winter Lemon | Illustration by Dmitri Broido | Data courtesy of Carilion Roanoke Memorial Hospital, Virginia, USA
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I

n 2009, Ethan Colliver, DO—a
physical medicine and rehabilitation
physician—founded the Valley
Sports and Spine Clinic in Virginia,
USA, to treat back, shoulder, hip, and
knee pain. Ten years later, Colliver
finds that about 85 percent of the
patients who come to his office in
Blacksburg present with spinal pain;
most have been referred by primary
care providers and about half are aged
65 years or older. At the core of his
practice, Colliver employs a wide range
of image-guided, nonsurgical
treatments for his patients. “X-rays,
MRIs, and CT scans give us anatomic
detail that can show whether there are
potential pain generators. SPECT gives
us physiological information, so it tells
us if a particular area of degenerative
arthritis (osteoarthritis) is
physiologically active. The more
degenerative a joint is, the higher
chance we will see increased metabolic
activity in that joint.” It is widely
reported about 40 percent of the joints
visible on SPECT fail to reveal severe
arthritis on CT or other anatomicbased modalities, Colliver notes.

Increased use of SPECT/CT
Colliver has utilized hybrid SPECT/CT
imaging since 2014, although he was
first introduced to it during his 20052008 residency at the University of
Utah. “My mentor, Dr. Stuart Willick,
was one of the pioneers in using
SPECT/CT to localize axial spine pain,”
Colliver recalls. “Dr. Willick called the
technique a ‘fire scan‘ because areas
of increased bone turnover lit up.1 He
showed me a ‘fire scan’ of a young
man who experienced back pain for
months; just one facet joint was lit up,
so Dr. Willick was able to do a single
therapeutic injection in that joint.” But
as Colliver moved on to other
institutions, he found they were more
skeptical about ‘fire scans’; he did not
utilize SPECT/CT again until 2012,
when he investigated its use for his
own clinic. “Back then I was more
likely to start with an MRI, and if I
couldn’t figure out what was going on
in an MRI, then I would do a SPECT/CT,”
he says. “But over the years I have
often found that if someone has back
pain for a long time, I’ll go straight to

SPECT/CT and avoid doing an MRI.”
Nowadays, Colliver orders SPECT/CT
for 40-50 percent of his patients,
most often for those with low-back
pain. Scanning is performed by the
imaging services department at
Carilion Roanoke Memorial Hospital in
Virginia, which Colliver acknowledges
has been indispensable in his clinic’s
ability to easily access SPECT/CT
images and reports.

Diagnosing chronic back pain
“SPECT/CT is a great imaging modality
that is underutilized for people with
chronic back pain,” Colliver asserts. He
orders SPECT/CT scans for almost all
patients with chronic pain (present for
at least 3-6 months) who primarily
experience axial pain. “SPECT/CT is
more likely to prove useful in older
patients, so for patients aged 50 years
and older, I’ll order one X-ray and then
a SPECT/CT to help localize,” he says.
Most back-pain patients are diagnosed
with degenerative arthritis, but
SPECT/CT can also identify fractures

“When I view the images,
whether I view increased
metabolic activity from a
degenerated joint or not,
the image tells me something.”
Ethan Colliver, DO, Valley Sports and Spine Clinic
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Ethan Colliver, DO, prepares
a spinal injection for one of
his patients.

and cancer. SPECT/CT is also useful
in determining the cause of traumarelated pain, such as in a young
athlete who experiences back pain
for a few months. In this case,
SPECT/CT’s imaging capabilities can
help determine whether the athlete
has a pars fracture. “When I view
the images, whether I view
increased metabolic activity from
a degenerated joint or not, the
image tells me something,”
Colliver stresses.

SPECT/CT-guided treatment
“When I find areas of severe uptake,
if it is a fracture, I have to decide
whether to treat with a brace or
do kyphoplasty,” Colliver says. In
cases of degenerative arthritis, it is
important to determine whether the
pain generator is from an anterior or
posterior element of the spine. The
majority of pain generators are
located in either the anterior or the

posterior spinal column, which
determines the site for injection. “If
there is arthritis in the anterior
column, I will do an epidural steroid
injection,” he notes. Radiofrequency
ablation, a potentially longer-lasting
treatment, is another option for the
facet joints. “SPECT/CT can also help
me decide whether I’m going to
prescribe extension-based or
flexion-based exercise,” he says. For
an anterior-column problem, flexion
will worsen the pain, whereas
extension will lessen it. “For
posterior-column degenerative
arthritis, I focus on neutral
mechanics and have the patient
keep a neutral spine, avoiding
extreme extension. If they have a
disc herniation, they should do
extension exercises that involve
bending backwards.” Colliver
believes more research is needed to
determine the types of exercise that
will benefit the different causes of
back pain identified on SPECT/CT
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imaging. “Currently, all we know is
that exercise is good for back pain.”
People who exercise can decrease
their risk of future pain episodes
by about 45 percent.2 He further
iterates that, “the next step is to
confirm if we can treat appropriately
based on what we learn.” His clinic is
currently participating in a research
study led by Jackson W. Kiser, MD,
chief of molecular imaging at
Carilion Roanoke Memorial Hospital,
to evaluate the clinical impact of
SPECT/CT on the management of
patients with spinal pain.3

Healthcare benefits
Greater utilization of SPECT/CT could
have a positive financial impact,
Colliver believes, especially since
back and neck pain currently
represents the third-largest condition
contributing to healthcare spending
in the USA.4 “It’s a decrease in
healthcare dollars because you need
not order as much imaging. Then you
are not doing as many procedures,
the patient feels better faster, and
the number of office visits should
also decrease. I think it’s just a
matter of getting the word out, so
that people are familiar with when to
use SPECT/CT,” Colliver advises.
Linda Brookes is a freelance medical
writer and editor who divides her time
between London and New York, working
for a variety of clients in the healthcare
and pharmaceutical fields.

The statements of Siemens Healthineers‘
customers described herein are based on
results that were achieved in the customer’s
unique setting. Since there is no “typical“
hospital and many variables exist (e.g.,
hospital size, case mix, level of IT adoption)
there can be no guarantee that other
customers will achieve the same results.
The content in this material was created
just prior to the outbreak of the COVID-19
pandemic. Therefore, the depictions may
not reflect the situation following the
implementation of strict protective measures.
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Converging

The convergence of nuclear medicine
and orthopedic surgery
The convergence of nuclear medicine and musculoskeletal medicine
has many benefits, particularly in orthopedic surgery. The capabilities
of SPECT/CT technology, combined with advanced reconstruction and
reading solutions, allow for accurate localization of pain origins that
support diagnostic confidence and surgical accuracy.
By Erika Claessens | Photography by Miquel Gonzalez | Illustration by Dmitri Broido | Data courtesy of CSSS de Gatineau, Hospital de Hull, Canada
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S

ince 2010, Human Adams, MD,
has been raising awareness of
the important role nuclear
medicine can play in orthopedic
surgery. Adams, currently a physician
in the nuclear medicine department at
Groene Hart Hospital (GHZ) in Gouda,
The Netherlands, became the
youngest nuclear medicine physician
in the country when he was just 29
years old.
After six years of practicing medicine
in Gouda, Adams remains convinced of
the diagnostic accuracy nuclear
medicine can offer when localizing
origins of pain in orthopedic patients
and accurately determining the cause.
He believes the hybrid imaging
capability of SPECT/CT—combined
with advanced reconstruction and
volume-rendered visualization
techniques, viewed on a dedicated
reading solution—has the potential to
enhance diagnostic precision, resulting
in guiding either accurate orthopedic
surgeries or avoiding unnecessary
surgical intervention.

The clarity of
nuclear medicine
In the meeting room two monitor
screens light up, offering a clear
overview of three different types of
imaging: 2D CT images, 3D volumerendered SPECT/CT views, and
standard X-rays. As an example of the
limitations of 2D images, Adams refers
to a patient in recovery after hip
surgery. “Osteoblastic-active areas
shown in a 2D view may refer to a
potential pain generator, such as the
loosening of a hip prosthesis, that in
reality is due to normal physiological
effects of prosthesis fixation.”
Yet, as Adams begins to describe how
well the combination of fused SPECT/CT
images reconstructed with xSPECT
Bone™ software and viewed on the
syngo®.via reading solution work
together, his enthusiasm shows. “This
combination can increase accuracy
and offer more information that is
critical, for instance, in the follow-up
after prosthetic loosening. Data
acquired on single-modality

tomography devices and viewed on
conventional PACS [picture archiving
and communication system] lack the
pinpoint accuracy SPECT/CT images
reconstructed with xSPECT Bone offer,”
he explains. “For instance, with
volume-rendered views of fused
xSPECT Bone/CT data examined on
syngo.via, we are able to define
whether the osteoblastic-active area
can be explained as normal
physiological effects or as abnormal
activity. In some cases, the cause of
activity is so apparent in the images
that our orthopedic surgeon is
immediately convinced, and this has
real added value.”

A multidisciplinary approach
In GHZ’s orthopedic department,
surgeons still largely gather patient
data with technology that is restricted
to 2D views. Every two weeks,
orthopedic surgeon Vincent
Wennemers, MD, holds a
multidisciplinary meeting with
colleagues from his department,

Human Adams, MD, stands in
front of Groene Hart Hospital’s
SPECT/CT scanner.
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“In some cases, the cause of activity is so
apparent in the images that our
orthopedic surgeon is immediately
convinced, and this has real added value.”
Human Adams, MD, Groene Hart Hospital

radiologists, and Adams to discuss
orthopedic cases. Wennemers has
been a surgeon at GHZ since 2016
and previously specialized in hip
surgery at the Reinier de Graaf
Hospital in Delft, The Netherlands.
Foot and ankle surgery, as well as hip
and knee prostheses, no longer hold
any secrets for him. “In general, we
diagnose by means of 2D CT, X-ray, or
MRI images available in the patient file
via PACS. Our hospital often deals with
patients who have small-joint injuries
or loosened prostheses. But in order to
determine whether a prosthesis has
actually loosened, we consult with our
colleague, Dr. Adams, and find value in
the clarity his nuclear medicine images
can provide.”

Confidence in diagnostics
Wennemers is grateful for the support
from the nuclear medicine
department. He confirms fused,

volume-rendered SPECT/CT images
are indeed a tremendous help when
making the right diagnostic decision
for, or against, surgery. “Dr. Adams
has many years of expertise, which
we as orthopedic surgeons can rely
on. It is clear he received special
training in this area and, in this
respect, his knowledge and
interpretation of the SPECT/CT images
is crucial for us. As Dr. Adams’s
opinion is based on the additional
information he derives from the
fused, volume-rendered images, his
interpretation of the data provides
diagnostic confidence. This is a big
support to us, the orthopedic
surgeons, and reassures the patients.”
Adams reinforces, “the 2D CT, X-ray,
and MRI images are of great help in
orthopedic practice, but SPECT/CT
images reconstructed with xSPECT
Bone and viewed on syngo.via add
valuable information and increase
diagnostic confidence. Not all

Vincent Wennemers, MD, appreciates the clarity
and collaboration Human Adams’s, MD,
nuclear medicine images provide.

osteoblastic bone activity showcased
is abnormal activity. As a result, in
some cases, unnecessary surgery can
be avoided,” he concludes. “My
interpretation of these SPECT/CT
images is that they can potentially
make an orthopedic surgeon change
their mind and avoid surgery. And
those patients who avoid surgery can
be reassured that their pain is part of
the natural recovery process.”

Erika Claessens has contributed as a
journalist and editor to numerous print and
online publications in Belgium and the
Netherlands. Her principal topics are
entrepreneurial innovation and technology.
She works from Antwerp, Belgium.

The content in this material was created just
prior to the outbreak of the COVID-19 pandemic. Therefore, the depictions may not reflect
the situation following the implementation of
strict protective measures.

The statements by Siemens Healthineers’
customers described herein are based on
results that were achieved in the customer’s
unique setting. Since there is no “typical” hospital and many variables exist (e.g., hospital
size, case mix, level of IT adoption) there can
be no guarantee that other customers will
achieve the same result.

For more information
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Excellent anatomical detail of the hands
and wrist visualized with SPECT/CT
Data courtesy of Groene Hart Hospital, Gouda, The Netherlands

SPECT/CT, reconstructed with xSPECT
Bone, sharply defines cortical margins
and joint spaces of carpal and metacarpal
bones, especially focal hyper-metabolism
in the scaphoid articular surface of the
scaphoid-trapezium joint, which reflects
bone remodeling secondary to adjacent
healed scaphoid fracture following trauma.

SPECT - Symbia Intevo™
Scan acquisition

256 x 256
30 stops/detector, 20 seconds/stop

Post-injection delay

3 hours

Injected dose

20 mCi (740 MBq) 99mTc-HDP

CT
Scan parameters

110 kV, 74 ref mAs

Coronal View

Lateral View

xSPECT Bone

CT

CT

xSPECT Bone/CT Fusion

xSPECT Bone/CT Fusion
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The convergence of
pediatric orthopedic surgery
and nuclear medicine
In pediatrics, young patients may not be able to communicate
the exact location and intensity of the pain they’re experiencing.
With SPECT/CT the origin of pain becomes clearly visible, which
can lead to increased diagnostic confidence and surgical planning.
Nuclear medicine physicians are learning how to share visual
findings from SPECT/CT with referring orthopedic surgeons,
resulting in improved collaboration and outcomes.
By Linda Brookes | GOSH photography by Andrea Artz | Illustration by Dmitri Broido | Data courtesy of Great Ormond Street Hospital, London, UK

52

Imaging Life · 2021 · siemens-healthineers.com/NMNS

Converging

A

t Great Ormond Street Hospital for
Children (GOSH), the well-known
pediatric tertiary referral center in
London, UK, the first SPECT/CT
scanner in the nuclear medicine department
was installed in 2008. At the time, none of the
staff had any experience with using the CT
component on children, recalls Lorenzo
Biassoni, MD, nuclear medicine consultant at
GOSH, so the following year was spent
developing child-friendly, low-dose protocols.
Biassoni and his colleagues have been using
SPECT/CT to complement bone scans since 2009.
The use of SPECT/CT in orthopedics was largely
motivated by consultant orthopedic surgeon
Deborah Eastwood, MD, FRCS, who had previous
experience with SPECT/CT bone scanning at
Royal Free Hospital, London, and understood its
value in planning surgery. “When I first heard
that SPECT could be linked to the CT to really
localize the hotspot, it became increasingly
useful to help me localize where the problem
might be in a child,” Eastwood recalls.
“It has been critical to have someone like Professor
Eastwood who is really well acquainted with
the technique and its value and strengths, as
well as its weaknesses,” Biassoni says. “This was
a great starting point, others gradually learned
about it, and now we get referrals from many
colleagues in the orthopedics department.” By
setting up protocols together and establishing
a language of reporting they both understand,
“this has enabled us to achieve a good working
relationship,” Biassoni emphasizes.

The bustling entrance of
GOSH in London, UK.

Suitable cases for SPECT/CT
SPECT/CT is not an appropriate investigation
for every child with foot pain, but it is
beneficial for a selected group, “when your
normal clinical skills and routine imaging can’t
pinpoint whether there is a problem and
where that problem is,” Eastwood stresses. “If
MRI, CT, and plain film aren’t all giving the
same picture, then SPECT/CT can add real
value,” she says. “Now I would go from plain
imaging straight to a SPECT/CT scan in certain
patients,” Biassoni agrees. “There is no point
in referring every patient, because we could
get a nonspecific result that doesn’t mean
anything, and in the end it could backfire
against the usefulness of the test itself,” he
says. He recalls that after a few years of
experience, they think they have achieved the
correct balance in patient selection. “These
are patients in whom I’m usually operating to
improve pain,” Eastwood says, “so if we can
identify convincingly where the pain is coming
from, then I can plan a procedure that will
help the pain.”

“If MRI, CT, and plain film
aren’t all giving the same
picture, then SPECT/CT
can add real value.”
Deborah Eastwood, MD, FRCS, Great Ormond Street Hospital for Children
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“In a select group of patients,
SPECT/CT has been a really positive
point in helping us understand the
child’s symptoms and what to do.”
Lorenzo Biassoni, MD, Great Ormond Street Hospital for Children

Eastwood believes that the best value from
SPECT/CT is seen in the adolescent patient.
“Adolescence is a really difficult time,” she
acknowledges. “There is undoubtedly a lot of
emotional and physiological pain, and it can be
very difficult to work out how much is in each
camp,” she says. Another cohort that is useful
to investigate is in patients who have already
had multiple surgical procedures, and in
whom it’s very difficult to localize where and
how significant their real pain is. She recalls a
case where a patient appeared to need
additional foot surgery, but then the SPECT/CT
scan showed a hotspot at the ankle joint, so
appropriate treatment was redirected. Another
group consists of patients with developmental
anomalies that can often be asymptomatic for
many years but may cause severe pain in some
patients. “I don’t want to blame the
developmental anomaly without some
confirmatory evidence from the scans that this
is where the patient’s symptoms are coming
from,” Eastwood states.

Deciding on surgery or
conservative management
For each patient, Biassoni and Eastwood must
together decide whether SPECT/CT findings are
in keeping with a pain generator and whether
the site of the pain generator is in keeping with
what the patient says. “I always call it a jigsaw
puzzle,” Eastwood explains. “If all the little pieces
fit together nicely, then you can be sure that it’s
the correct picture. The interesting group is
where I’ve expected to find a pain generator and
I’ve been planning an operation but then
Lorenzo says, ’There is no pain generator there;
there’s a little generalized unhappiness in the
foot, but there’s nothing specific,’ and that
makes me go against surgery.”
“This is the great value of working together as a
team,” Biassoni stresses. “We sometimes think,
because we are not involved in surgical
management of the patient, that a hotspot may
be significant. But only by reviewing the result in
the multidisciplinary team meeting do all the
pieces of the jigsaw come together and a decision
can be made as to whether it is really significant
and deserves surgical intervention or whether it
can be just watched or treated with physiotherapy
or better footwear.”

A statue of Peter Pan in the
exterior gardens offsets the
busy interior of GOSH.
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A unique, pediatricfocused experience
greets patients and
visitors of GOSH.

Special challenges in young patients

In praise of teamwork

Eastwood and Biassoni, and their colleagues,
face unique challenges in managing their
young patients. Eastwood says her biggest
difficulty is trying to determine the location of
pain in children who are unable to localize it
and in adolescents who tend to say, “it hurts
all over.” It’s well documented that parents’
recall of where their child is having pain is
often incorrect, she adds. For Biassoni and his
nuclear medicine colleagues, the main
challenge is to get their patients quiet and
relaxed so they can acquire high-quality
images. “Having a restless child is a recipe for
disaster,” he says. It is important that all GOSH
radiographers establish a rapport with the
child and family, he stresses.

“In a select group of patients, SPECT/CT has
been a really positive point in helping us
understand the child’s symptoms and what to
do,” Eastwood says, attributing their success to
team work in, “a smallish group of medically/
socially/emotionally complex patients.” Their
study assessing the diagnostic yield of SPECT/CT
in this select group of children with complex
foot/ankle pain was recently published in
the Journal of Children’s Orthopaedics.1 While
their study spanned a 10-year timeframe,
others looking to utilize SPECT/CT in orthopedics
may not need such a long learning curve, she
believes. Biassoni agrees and suggests that
further evaluation of SPECT/CT in additional
select groups of patients may be warranted.

In 2018, GOSH installed a new Symbia Intevo
Bold™ SPECT/CT scanner that came equipped with
a 16-slice CT component. “Of course it is a betterquality CT, but the scanner’s processing software,
including iMAR, SPECT/CT and VRT fusion, and
xSPECT Bone™, further improves image quality.”
SPECT/CT is especially efficient in minimizing
artifacts from metalwork that patients have in
place after surgery, Biassoni adds.

Linda Brookes, MSc, is a freelance medical writer and
editor, dividing her time between London and New York,
working for a variety of clients in the healthcare and
pharmaceutical fields.

When the new scanner was installed, the
surrounding environment was made more
child-friendly based on recommendations by
pediatric radiographers. Funded by Great
Ormond Street Hospital Children’s Charity,
ambient changeable lighting was installed
along with an entertainment system that can
project videos onto a wall. The child can bring
their favorite DVD or program that plays during
scanning. “This has been extremely helpful, and
we have had a lot of positive feedback from
families and patients,” Biassoni states.

For more information
siemens-healthineers.com/xspectbone
siemens-healthineers.com/symbiaintevobold

The photography in this material was captured prior to the outbreak of the
COVID-19 pandemic. Therefore, the depictions may not reﬂect the situation
following the implementation of strict protective measures.
The statements by Siemens Healthineers customers described herein are based on
results that were achieved in the customer’s unique setting. Since there is no “typical”
hospital and many variables exist (e.g., hospital size, case mix, level of IT adoption)
there can be no guarantee that other customers will achieve the same results.
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Tc MDP SPECT/CT imaging in
diagnosing Erdheim-Chester disease
99m

By Xuezhong Chen, MD, Jianbo Yang, MD, and Qing Zhang, MD
Data and images courtesy of Nanchang University, Nanchang, China

History
A 47-year-old female presented with
a two-year history of progressive
exophthalmos. An MRI scan showed
bilateral orbital masses in the retroocular space.
Resection surgery was performed for
the left orbital mass. Histopathology
showed scattered, nested foam-like
tissue cells in the fibrous stroma with
scattered focal mononuclear lymphocyte infiltration. Immune histochemistry showed the following: CD20 (+),
CD3 (scattered +), CD43 (scattered +),
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CD5 (scattered +), CD68 (+), CD1a (-),
S-100 (-), Ki-67 (low proliferation).
No specific treatment was given
following surgery.
The patient experienced dysphagia
for two weeks. A head-and-body
CT showed bilateral exophthalmos
resulting from bilateral orbital soft-
tissue masses. There were also bilat
eral perinephric, pericardial, and
pelvic exudates (Figure 1).
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The patient underwent 99mTc MDP
bone imaging on a Symbia Intevo
BoldTM SPECT/CT scanner for
evaluation of whole-body skeletal
metabolism.
The study was performed 3 hours
following intravenous (IV) injection
of 14.6 mCi of 99mTc MDP. Whole-body
planar imaging followed by SPECT/CT
with xSPECT BoneTM of the knees and
conventional SPECT/CT tomography
of the thorax was performed.

Clinical Results

Findings
As noted in Figure 2, whole-body
planar images show intense but
symmetrical hypermetabolism at
the proximal ends of the bilateral
wrist joints, the long bones of the
lower extremities, especially meta
physeal region of the bilateral distal
femur and femoral condyles, as well
as the proximal tibial shaft and tibial
plateau. Focal areas of intense uptake
were also visualized in the sternum,
several thoracic vertebrae, and ribs.

In Figures 3 and 4, the SPECT/CT
shows diffuse sclerosis in the shaft
of the distal femur and proximal tibia,
which corresponds to intense skeletal
hypermetabolism correlating with the
hypermetabolic zones defined on the
planar images. Focal sclerotic lesions
in the thoracic vertebrae, sternum,
and ribs also reflect the diffuse nature
of the disease process shown on
planar images.

The pattern of skeletal involvement
and the presence of bilateral orbital
infiltration as well as perinephric and
pericardial exudates together with
histopathological confirmation from
the retro-ocular left orbital mass
excised (Figure 5) lead to a diagnosis
of Erdheim-Chester disease (ECD).

1  CT shows bilateral orbital retro-ocular masses causing exophthalmos along with bilateral perinephric, pericardial, and pelvic exudates
(arrows).

Imaging Life · 2021 · siemens-healthineers.com/NMNS

57

Clinical Results

2 	
Planar whole-body bone images show symmetrical hypermetabolism in the bilateral distal femur, proximal tibia, and distal ulna
and radius.

Discussion
ECD is a non-Langerhans-cell histiocytosis, originally defined as lipogranuloma lesions characterized by infiltration of tissues by foamy histerismos,
multinucleated giant cells, and lipidladen macrophages commonly associated with exophthalmos, symmetrical
long-bone involvement, and extraskeletal involvement involving the
kidneys, skin, and heart. In 2016, the
World Health Organization (WHO)
reclassified this disease as histiocytic
and dendritic cell tumors.1 Due to the
rarity of ECD and the diversity of clinical
manifestations, diagnosis is extremely
challenging. An ECD diagnosis
depends on the histopathology of
the biopsy specimen and immunohistochemistry results.2 Radionuclide
58

bone imaging, CT, MRI, and other
imaging methods also have important
diagnostic value in ECD. The standard
diagnosis procedure should be based
on the clinical and imaging studies to
determine the biopsy site and further
histopathological confirmation.
More than 95 percent of ECD patients
have cortical sclerosis in the diaphysis
and metaphysis of long bones with the
distal femur, proximal tibia, and distal
tibia being most typically involved.3
Radionuclide bone imaging is highly
sensitive to the presence of ECD-related changes in affected bones. 99mTc
MDP SPECT/CT of the lesion can be
used to observe the sclerosis of the
shaft and metaphyses of long bones
of the limbs. The whole-body planar
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bone images of this patient showed
the typical characteristics of ECD,
including symmetrical concentration
of radionuclides in the shaft and
metaphyses of the long bones of the
lower extremities as well as the distal
ulna and radius. Involvement of the
shaft of the long bones is typically
limited to the distal and proximal end
of the shaft as seen in the bilateral
distal femur, distal and proximal tibial
shaft, and distal radius. Hypermeta
bolism and corresponding sclerosis
were denser towards the metaphyseal
end compared to rest of the shaft.
ECD is a rare disease and can be
easily missed. In this case, symptoms
such as exophthalmos, dizziness,
and dysarthria occurred successively,

Clinical Results

CT

SPECT

SPECT/CT with xSPECT Bone

3 	
SPECT/CT with xSPECT Bone reconstruction of bilateral knees shows extensive scattered punctate sclerosis within the marrow of the lower
femur and upper tibia, which corresponds to intense hypermetabolism sharply defined on xSPECT Bone. Zones of focal osteolysis are
interspersed between sclerotic foci. No periosteal elevation or cartilage or joint space involvement was visualized.

CT

SPECT

SPECT/CT with
xSPECT Bone

4 	
SPECT/CT of the thorax shows zones of sclerosis along with
focal osteolysis within some thoracic vertebrae and the sternum
as well as several ribs.

5 	
The histopathology result of tissue behind the left eyeball shows
lipid granuloma lesions infiltrate, mainly composed of foam-like
tissue cells and proliferating fibrous tissue (Hematoxylin and
Eosin [H&E staining], magnification ×200).
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but the diagnosis of ECD was not
considered. Therefore, there is a need
for pathologists, radiologists, and
clinicians to increase their awareness
of ECD and its manifestations. The
patient reported here had predominant bone involvement along with
the central nervous system, peripheral kidney, and retroperitoneum.
Retroperitoneal and pelvic involvement in ECD is rare.
Tc MDP SPECT/CT imaging has high
diagnostic sensitivity for early skeletal
99m

involvement. Fusion imaging enables
further evaluation of bone sclerosis
and has important clinical value for
the diagnosis of skeletal involvement
in ECD patients. Symmetrical concen
tration of radionuclides and osteo
sclerosis in the long bones of the
extremities is a typical imaging
manifestation of 99mTc MDP SPECT/CT
imaging of bone involvement in ECD
patients.4 When 99mTc MDP SPECT/CT
imaging shows the long bones of the
limbs are symmetrically concentrated
with radionuclides and osteosclerosis,

and other lesions involve corresponding symptoms, the possibility of ECD
should be considered.

Conclusion
99m
Tc MDP SPECT/CT imaging with
xSPECT Bone is an economical and
simple method in diagnosing ECD,
and may help provide early diagnosis,
guide biopsy, and evaluate treatment
response.5

Examination protocol
Scanner: Symbia Intevo Bold

SPECT

CT
14.6 mCi (540.2 MBq)
Tc MDP

Tube voltage

130 kV

Post-injection delay

3 hours

Tube current

41 mAs

Acquisition

Planar imaging
Scan speed: 25 cm/min
Matrix: 256 x 1024
Zoom 1.0
SPECT tomography
Scan speed: 25 s/stop
32 stops/detector
Matrix: 256 x 256, Zoom 1.0
xSPECT Bone
Scan speed: 18 s/stop
60 stops/detector
Matrix: 256 x 256, Zoom 1.0

Slice collimation

0.6 mm

Scan time

• Planar imaging: 8 min
• SPECT tomography: 15 min
• xSPECT Bone: 22 min

Slice thickness

.75 mm

Reconstruction kernel

B60s

Injected dose

99m

The outcomes achieved by the Siemens Healthineers customers described herein were achieved in the customer’s unique setting. Since there is no
“typical” hospital and many variables exist (eg, hospital size, case mix, level of IT adoption) there can be no guarantee that others will achieve
the same results.
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F FES PET/CT imaging in
recurrent metastatic invasive
lobular breast cancer

18

By Kritika Subramanian, MD,1 Dunya Imad, MD,1 Ryan Pereira, CNMT,1 Lady Sawoszczyk, CNMT,1 Joseph Osborne, MD, PhD,1
Eleni Andreopoulou, MD,2 and Trisha Youn, MD1
Data and images courtesy of NewYork-Presbyterian Hospital / Weill Cornell Medical Center, New York, New York, USA

History
A 75-year-old female with recurrent,
metastatic, invasive lobular breast
cancer—8 years post-diagnosis and
also in remission for lymphoma—
underwent routine Fludeoxyglucose
F 18 (18F FDG) Injection[a] PET/CT imaging to evaluate disease progression.
Two years prior, the patient had
completed 5 years of letrozole therapy
for the initial breast cancer diagnosis.
Routine 18F FDG PET/CT findings
indicated diffuse 18F FDG-avidity
throughout the osseous structures
as well as sclerotic osseous lesions
without 18F FDG-avidity above the
remainder of marrow. A pelvic bone
biopsy demonstrated metastatic

breast cancer that was >99% estrogen
receptor (ER) positive and 80% progesterone receptor (PR) positive.
Subsequent treatment therapy
included aromatase inhibitors (AIs),
cyclin-dependent kinase (CDK4/6)
inhibitors, and nuclear factor kappa-B
ligand (RANKL) inhibitors.
The patient returned for a 1-year
follow-up evaluation to help determine the extent of ER-positive
osseous lesions. For the initial PET/CT,
the patient was administered with
10.7 mCi (396 MBq) intravenous (IV)
injection of 18F FDG, and approximately
1 hour later, a single-scan, wholebody acquisition was conducted on
a Biograph mCT FlowTM system.

Two weeks later, the patient underwent a PET/CT using Cerianna™
(Fluoroestradiol F 18 [18F FES])
Injection[b], a PET imaging agent
for use in recurrent or metastatic ER-
positive breast cancer as an adjunct
to biopsy (Cerianna NDA holder is
Zionexa). The patient was admin
istered with 5.5 mCi (202 MBq) IV
injection of 18F FES, and approximately
80 minutes later, a single-scan, whole-
body acquisition was conducted on
a Biograph mCT Flow scanner.

Department of Molecular Imaging and Therapeutics, NewYork-Presbyterian Hospital / Weill Cornell Medicine, New York, New York, USA
Department of Breast Oncology, NewYork-Presbyterian Hospital / Weill Cornell Medicine, New York, New York, USA
[a] 
Please see Indications and Important Safety Information for Fludeoxyglucose F 18 (18F FDG) Injection on page 62.
For full Prescribing Information, please see pages 76-78.
[b]
Please see Indications and Important Safety Information for CERIANNA (Fluoroestradiol F 18 [18F FES]) Injection on page 63.
For full Prescribing Information, please see pages 79-81.
1
2
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Fludeoxyglucose F 18 Injection
INDICATIONS AND USAGE
Fludeoxyglucose F 18 Injection is indicated for positron emission tomography (PET) imaging in the following settings:
• Oncology: 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.
• Cardiology: For the identification of left ventricular myocardium with residual glucose metabolism and
reversible loss of systolic function in patients with coronary artery disease and left ventricular dysfunction,
when used together with myocardial perfusion imaging.
• Neurology: For the identification of regions of abnormal glucose metabolism associated with foci of
epileptic seizures.

IMPORTANT SAFETY INFORMATION
• Radiation Risks: Radiation-emitting products, including Fludeoxyglucose F 18 Injection, may increase the risk
for cancer, especially in pediatric patients. Use the smallest dose necessary for imaging and ensure safe handling
to protect the patient and health care worker.
• Blood Glucose Abnormalities: In the oncology and neurology setting, suboptimal imaging may occur in patients with
inadequately regulated blood glucose levels. In these patients, consider medical therapy and laboratory
testing to assure at least two days of normoglycemia prior to Fludeoxyglucose F 18 Injection administration.
• Adverse Reactions: Hypersensitivity reactions with pruritus, edema and rash have been reported; have emergency
resuscitation equipment and personnel immediately available.

DOSAGE FORMS AND STRENGTHS
Multiple-dose 30 mL and 50 mL glass vial containing 0.74 to 7.40 GBq/mL (20 to 200 mCi/mL) of Fludeoxyglucose
F 18 Injection and 4.5 mg of sodium chloride with 0.1 to 0.5% w/w ethanol as a stabilizer (approximately 15 to
50 mL volume) for intravenous administration.
Fludeoxyglucose F 18 Injection is manufactured by PETNET Solutions, a Siemens Healthineers Company, 810
Innovation Drive, Knoxville, TN 39732.
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CERIANNA™ (fluoroestradiol F 18) Injection
INDICATIONS AND USAGE
• 18F-FES is a radioactive diagnostic agent indicated for PET imaging.
• 18
 F-FES is indicated for the detection of ER-positive lesions as an adjunct to biopsy in patients with recurrent or
metastatic breast cancer.
Limitations of use
• Tissue biopsy should be used to confirm recurrence of breast cancer and to verify ER status by pathology.
18
F-FES is not useful for imaging other receptors, such as HER2 and PR.

IMPORTANT SAFETY INFORMATION
• Adverse Reactions: Reported adverse reactions include: injection site pain and dysgeusia.
• Radiation Risks: Ensure safe drug handling and patient preparation procedures to protect patients and
health care providers from unintentional radiation exposure.
• Risk of Misdiagnosis: Do not use CERIANNA in lieu of biopsy when biopsy is indicated in patients with
recurrent or metastatic breast cancer.
• Contraindications: None.
• Use in specific populations: Lactation – Interrupt breastfeeding. Advise a lactating woman to avoid
breastfeeding for 4 hours after CERIANNA administration
To report SUSPECTED ADVERSE REACTIONS, contact Zionexa US Corp at +1.844.946.6392 or FDA at
1-800-FDA-1088 or www.fda.gov/medwatch.

DOSAGE AND ADMINISTRATION
Dosage form and strengths
• Injection: clear, colorless solution in a multiple-dose vial containing 148 MBq/mL to 3,700 MBq/mL
(4 mCi/mL to 100 mCi/mL) of Cerianna at end of synthesis.
Patient preparation
• Drink water to ensure adequate hydration prior to administration of 18F-FES
•C
 ontinue drinking and voiding frequently during the first hours following administration to
reduce radiation exposure
Dosage and administration
•A
 ctivity recommended is 222 MBq (6 mCi), with a range of 111 MBq to 222 MBq (3 mCi to 6 mCi)
•A
 dministration: single IV injection of 10 mL or less over 1 to 2 minutes
•U
 se aseptic technique and radiation shielding when withdrawing and administering FES
• Visually inspect the radiopharmaceutical solution
•F
 ES may be diluted with 0.9% Sodium Chloride Injection, USP
• Assay the dose in a suitable dose calibrator prior to administration
Post administration
• Follow FES injection with an IV flush of 0.9% Sodium Chloride injection, USP

SAFETY OF 18F-FES
Safety was determined from 1,207 patients with breast cancer receiving at least one Fluoroestradiol F18
administration
Age range = 21-91 years
• 98% were women
• 76% were post-menopausal
Safety profile was based on clinical studies + NCI investigator’s brochure:
• No serious adverse events
• Adverse events with <1% frequency
• Injection site pain
• Dysgeusia
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Findings
As seen in Figure 1, the initial 18F FDG
images indicate fluid density along
the left breast prosthesis secondary
to implant rupture. The images show
mild 18F FDG-avid left axillary and subpectoral nodes, which may be related
to metastatic disease or a reaction
due to the implant rupture. Stable
diffuse activity throughout the axial
skeleton and sclerotic osseous lesions
without 18F FDG-avidity above the
remainder of the marrow is also
observed.

1

Axial CT and 18F FDG PET/CT images show fluid density along the left breast prosthesis,
as well as mild 18F FDG-avid left axillary and sub-pectoral nodes, indicating metastatic
disease or a reaction secondary to implant rupture.

2

Axial CT and 18F FES PET/CT images reveal the left axillary and sub-pectoral nodes are
not indicative of 18F FES-avidity.

The 18F FES PET/CT images were
acquired with a comparative protocol
2 weeks after the initial 18F FDG
PET/CT and show increased heterogeneous activity throughout the axial
and appendicular skeleton with focal
areas of increased activity. The left axillary and sub-pectoral nodes are not
indicative of 18F FES-avidity (Figure 2).
Upon review, the extent of ER-positive
osseous metastases is better demonstrated with 18F FES PET compared to
18
F FDG PET. 18F FES PET demonstrates
increased heterogeneous activity
throughout the osseous structures
with focal areas of increased activity
in comparison to the 18F FDG PET,
which demonstrates increased diffuse
activity in the marrow without focal
18
F FDG-avid lesions (Figure 3).

18
3 	
F FES PET (left) demonstrates diffuse extent of ER-positive-osseous-metastatic activity in
comparison with low 18F FDG PET-avidity (right).
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Discussion

Conclusion

In this particular case, the utilization of 18F FES PET/CT
helped confirm that the 18F FDG-avid left axillary and
sub-pectoral lymph nodes were not due to ER-positive
metastatic disease but possibly related to implant rupture.
Additionally, the 18F FES PET better demonstrated meta
static osseous lesions with low 18F FDG-avidity.

F FES PET/CT—in conjunction with 18F FDG PET/CT—is a
robust imaging radiotracer in the evaluation of ER-positive
breast cancer when 18F FDG PET/CT is inconclusive. In addition, 18F FES PET is valuable in evaluating lesions with low
18
F FDG-avidity, which is most commonly seen in patients
with recurrent metastatic invasive lobular breast cancer.
18

Ultimately, the 18F FDG PET/CT helped confirm that there
was no active metastatic process while the concurrent
18
F FES PET/CT helped reinforce the extent of ER density
in the metastatic lesions throughout the body in a patient
under active treatment with AI and CDK4/6 inhibitors.
Since disease progression was not observed on either
the 18F FES PET/CT or the 18F FDG PET/CT, there was no
change in the patient’s treatment management.

Examination protocol
Scanner: Biograph mCT Flow
Imaging software: syngo®.via

F FDG PET

CT

18

Injected dose

10.7 mCi (396 MBq)

Tube voltage

120 kV

Post-injection delay

60 min

Tube current

69 mAs

Acquisition

1.0 mm/s
200 x 200 matrix

Slice collimation

3.0 mm

Slice thickness

3.0 mm

F FES PET

CT

18

Injected dose

5.5 mCi (202 MBq)

Tube Voltage

100 kV

Post-injection delay

80 min

Tube current

179 mAs

Acquisition

1.0 mm/s
200 x 200 matrix

Slice collimation

3.0 mm

Slice thickness

3.0 mm

The outcomes achieved by the Siemens Healthineers customer described herein were achieved in the customer’s unique setting.
Since there is no “typical” hospital and many variables exist (eg, hospital size, case mix, level of IT adoption) there can be no guarantee
that others will achieve the same results.
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Incidental findings of COVID-19
in PET/CT imaging
By Misty Long, ARRT R.T.(R)(N), Siemens Healthineers, Hoffman Estates, IL, USA, and Lady Sawoszczyk, BS, CNMT, NewYork-Presbyterian Hospital / Weill
Cornell Medical Center, New York, New York, USA
Data and images courtesy of NewYork-Presbyterian Hospital / Weill Cornell Medical Center, New York, New York, USA

History
A 75-year-old male with diffuse large B-cell lymphoma
(DLBCL)—6 months post-therapy following 3 cycles of
a chemotherapy regimen—underwent PET/CT imaging to
assess residual disease for subsequent treatment strategy.
Approximately 1 hour following the intravenous (IV)
injection, a single-scan, whole-body acquisition was
conducted on a Biograph mCT FlowTM scanner.

Findings
As observed in Figures 1 and 2, the PET/CT of the lungs
shows bilateral, hypermetabolic ground-glass opacities
(GGOs) on CT that correlate to PET tracer uptake.
In consideration of the ongoing COVID-19 pandemic,
these incidental findings were deemed suspicious and
the patient was referred for COVID-19 testing.
Test results confirmed the patient was positive
for COVID-19.

PET/CT imaging is not indicated for the diagnosis of COVID-19.
Only in-vitro diagnostic testing is currently the definitive method
to diagnose COVID-19.
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1  Axial CT and PET/CT images show multiple bilateral
consolidations of ground-glass opacities.

Clinical Results

2 	
Coronal views of PET, CT, and PET/CT images (top row) as well as axial views of PET, CT, and PET/CT images (bottom row) depict
hypermetabolic parenchymal foci.

Discussion
In January 2020, the World Health Organization (WHO)
declared an international state of emergency in response
to the outbreak of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)—commonly known as
COVID-19.1
COVID-19 is an infectious disease that primarily affects
the lower respiratory tract and can remain asymptomatic
or cause several flu-like symptoms. The spread of this
disease predominantly occurs through the viral transmission of respiratory droplets when in close physical contact
with another person. In severe cases, COVID-19 may cause
interstitial pneumonia, which can evolve into acute
respiratory distress syndrome, and subsequently, death.2
Chest imaging remains an integral component of the
work-up and staging of COVID-19, especially when assessing the patient for complications or disease progression.
In April 2020, The Fleischner Society released a multinational consensus statement about the role of chest CT
in patient management during the COVID-19 pandemic
where they assess that imaging is indicated in patients
highly suspected of COVID-19 with moderate-to-severe
clinical features and a high pre-test probability of disease,
as well as in patients with COVID-19 with a worsening
respiratory status.3

The appearance of COVID-19 on a chest CT has been
commonly observed in bilateral lungs as GGOs that
are defined as hazy opacities with preservation of the
underlying vascular and bronchial architecture and
bronchovascular thickening.4
In early phases, single or multiple GGOs or nodules
may appear. The International Atomic Energy Agency
(IAEA) issued guidance on chest CT and protocol dose
optimization. Protocols with faster scanning should be
preferred due to the high potential of motion artifacts
from patients that are coughing and experiencing
shortness of breath. The evaluation of most patients
with COVID-19 infection consists of automatic or fixed kV
less than or equal to 100, high pitch, fast rotation speed,
lung kernel, and 2-3 mm for soft-tissue evaluation.5
Although PET/CT is not currently indicated for the
evaluation of COVID-19, according to Fields et al,
numerous reports have noted incidental localization
of radiotracer in parenchymal lesions. These findings
are consistent with data from Middle East Respiratory
Syndrome-CoV cohorts, which suggest an ability to
detect incidental localizations in subjects without
clinical signs of disease.4
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3 	
Volume rendering technique (VRT) (left) and maximum intensity projection (MIP) (right) images demonstrate hypermetabolic parenchymal
foci, which is indicative of an infectious or inflammatory process.

The value of PET/CT during the COVID-19 pandemic is
within the scope of incidental detection of asymptomatic
patients, which includes the incidental detection of
sub-clinical disease burden that may play a role in
curbing asymptomatic viral spread.4

Early diagnosis of COVID-19 pneumonia is not only
crucial for appropriate patient management but also
to help ensure essential post-exposure precautions are
implemented for department and hospital staff as well
as others who have been in contact with the patient.

According to Fields et al, the utilization of PET/CT in
the “early detection of SARS-CoV-2 infection in patients
who receive nuclear medicine imaging for unrelated
clinical indications, such as the evaluation and staging
of malignancy, is essential for providing prompt anticipatory care to vulnerable populations at high risk for rapid
clinical decompensation.”4 Additionally, Kalra et al
indicates ”PET/CT may be valuable for the overall assessment of COVID-19, as with disease progression, damage
can occur to the kidneys and other organs, such as the
heart, gastrointestinal tract, kidneys, and bone marrow.”6

Conclusion
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Due to the complexity of COVID-19, PET/CT should be
considered for its utility of differential diagnosis within
incidental findings. Specifically, this case demonstrates
how incidental findings in PET/CT imaging identified
corresponding hypermetabolic parenchymal foci in
the lungs, which led to further testing, and ultimately,
identification of a positive COVID-19 diagnosis.

Clinical Results

Examination protocol
Scanner: Biograph mCT Flow 64
Imaging software: syngo®.via

PET

CT

Injected dose

11.2 mCi (414 MBq)

Tube voltage

100 kV

Post-injection delay

60 min

Tube current

63 mAs

Acquisition

1.0 mm/s
200 x 200 matrix

Slice collimation

3.0 mm

Slice thickness

3.0 mm

The outcomes achieved by the Siemens Healthineers customer described herein were achieved in the customer’s unique setting. Since there
is no “typical” hospital and many variables exist (eg, hospital size, case mix, level of IT adoption) there can be no guarantee that others will
achieve the same results.
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Tc MDP SPECT/CT imaging
in the evaluation of pediatric
McCune-Albright syndrome
99m

By Wei Wang and Jigang Yang
Data and images courtesy of Beijing Friendship Hospital of Capital Medical University, Beijing, China

History
A seven-year-old female presented
with enlarged mammary glands,
increased vulvar secretions, and a
rapid increase in height. History
indicated a normal diet and no
report of ingestion of hormonal or
contraceptive medications. Physical
examination revealed bilateral breast
enlargement with well-defined
areolas. Multiple café-au-lait skin
spots were visible on the vulva,
hips, and back.

The patient underwent a pelvic
ultrasound that showed maturation
of the uterus with enlarged follicles
of the right ovary. A brain MRI was
determined to be normal, and skeletal
survey radiographs showed normal
bone age of the metacarpal and
carpal bones.
The patient subsequently underwent
99m
Tc MDP bone imaging with xSPECT
BoneTM performed on a Symbia
IntevoTM SPECT/CT scanner.

Laboratory examination showed
normal thyroid function and
cortisol levels, yet estradiol levels
were elevated at 128 pmol/L
(normal <115).
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1  Whole-body planar bone imaging shows
increased uptake of 99mTc MDP on the
outer aspect of the upper wall of the
right orbit, left temporal bone, sagittal
sutures in addition to the left upper
ulna, left femoral head and trochanter,
and the left mid-tibia. The remaining
skeletal system showed physiologically
increased uptake in the metaphyseal
regions of the long bones, as expected
for the age of the patient. No abnormal
hypointense area was visualized.

Clinical Results

Findings
As observed in Figures 1-5, xSPECT
Bone shows hypermetabolism in
the outer upper wall of the righteye orbit, the left mastoid, body of
sphenoid, the left side of C2 vertebrae, the upper ulna, the left femoral

2

head, and the left middle tibia. CT
shows bone thickening with groundglass density, which indicates fibrous
dysplasia of bone. Combined with the
clinical history, the imaging findings
are consistent with McCune-Albright
syndrome (MAS). The remaining

SPECT/CT with xSPECT Bone shows increased uptake of
Tc MDP on the outer upper wall of the right-eye orbit.
CT shows thickening of the upper wall of the right-eye orbit
with ground-glass density corresponding to the area of
hypermetabolism sharply defined with xSPECT Bone.

99m

3

skeletal system appears normal with
normal physiological hypermetabolism in the growing end plates of the
long bones. xSPECT Bone sharply
defines focal hypermetabolism that
matches corresponding CT changes
exactly without partial volume effects.

xSPECT Bone shows increased uptake of 99mTc MDP in the
mastoid process of the left temporal bone with corresponding
CT changes revealing cortical thickening with ground-glass
density.
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5

4

 ptake of 99mTc MDP uptake is slightly increased in the body
U
of sphenoid with corresponding nodular ground-glass density
seen on CT. The bony cortex and cortical margins of sphenoid
are intact.

Discussion
MAS is a rare disease that can involve
multiple systems and organs, and
its specific pathogenesis is not yet
fully defined. Currently, MAS is
primarily considered to be a rare
G-protein disease, which is a congenital non-hereditary disease caused
by somatic cell G-protein alpha
subunit mutations. Clinically, it can
affect both men and women, but
the incidence rate is significantly
higher in young females than in
young males.1
The clinical presentation of MAS
includes three characteristics: caféau-lait skin spots, poly-fibrous dysplasia (PFD), and early on-set puberty.
Diagnosis can be made if patients
present with these characteristics.
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Uptake of 99mTc MDP in the upper left ulna is increased. CT shows
corresponding cortical thickening with ground-glass density.

Additionally, children with MAS
may also be accompanied by
endocrine symptoms including
hyperthyroidism, Cushing syndrome,
hypophosphatemia, acromegaly,
hyperparathyroidism, prolactinoma,
as well as cardiopulmonary disease,
chronic hepatobiliary disease,
gastrointestinal polyps, thymus
hyperplasia, cardiac hypertrophy,
and arrhythmia. In some cases,
sudden death may occur.2
Skeletal abnormalities, such as
PFD, commonly occur in MAS.
Skeletal abnormalities in children
usually occur between the ages of
3-10 and all bones can be affected.
The pathological change in bone
tissue is due to the replacement
of normal bone tissue by fibrous
connective tissue and scattered
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immature bone tissue. Such bone
damage can be locally accompanied
by liquefaction and cystic transformation or hemorrhage. Pathological
fractures often occur although
malignant transformation is rare.
In this particular case, X-ray and
CT findings of the fibrous dysplasia
in the ulna showed the lesion was
located in the medullary cavity with
expansive osteolytic changes, thinning of the bone cortex, and blurring
of the trabecular bone structure with
ground-glass changes. Children often
present to physicians for abnormal
bone development, so imaging findings are critical for the diagnosis
of this disease. Comprehensive
assessment of skeletal abnormalities
is crucial for the diagnosis of MAS,
assessing the prognosis of patients,
and making treatment decisions.

Clinical Results

Although MAS is relatively rare, it
should be taken into consideration
when the bone shows diffuse involvement with poor fibrous structure accompanied by café-au-lait
skin spots and early-onset puberty.

orbit, left temporal bone, sphenoid,
left upper ulna, left femoral head,
and left middle tibia. xSPECT Bone
shows sharp definition of individual
skeletal lesions that closely
correspond to CT changes.

The advantage of whole-body
bone imaging is its ability to help
show bone abnormalities in a single
scan.4 SPECT/CT shows changes in
bone density and other related
morphological changes, along
with abnormal skeletal metabolism
corresponding to the microstructural
changes. In this case of MAS, the
whole-body bone imaging showed
increased distribution of 99mTc MDP
on the outer upper wall of the right

Conclusion
Multi-bed SPECT/CT imaging on a
Symbia Intevo scanner using xSPECT
Bone provides high sensitivity to
help detect small foci of abnormal
skeletal metabolism as well as highquality CT for accurate evaluation
of CT changes, which is critical for
diagnostic accuracy in the evaluation
of MAS.

Examination protocol
Scanner: Symbia Intevo 16

SPECT

CT

Injected dose

5 mCi (185 MBq) 99mTc MDP

Tube voltage

80 kV

Post-injection delay

3 hours

Tube current

60 eff mAs

Acquisition

Planar imaging
Scan speed: 12 cm/min
xSPECT Bone tomography
Two detector acquisition,
matrix 128 x 128, 60°/stop,
30 s/stop, 30 stops/detector
Reconstruction: OSCGM

Slice collimation

1.2 mm

Scan time

• Planar imaging: 10 min
• xSPECT Bone tomography:
17 min

Slice thickness

3 mm

Reconstruction kernel

B60s

The outcomes achieved by the Siemens Healthineers customers described herein were achieved in the customer’s unique setting. Since there
is no “typical” hospital and many variables exist (eg, hospital size, case mix, level of IT adoption) there can be no guarantee that others
will achieve the same results.
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From innovations to clinical results

Visit Molecular Imaging Clinical Corner
to explore the latest in molecular imaging
Read case studies from international healthcare institutions
Discover the value of PET and SPECT technologies
through an assortment of clinical white papers
Expand your clinical knowledge through a wide range
of archived continuing education (CE) webinars
Access current clinical information anytime, anywhere:
siemens-healthineers.com/miclinicalcorner

Images courtesy of University of Tennessee Medical Center, Knoxville, TN, USA;
University of Groningen Medical Center, Groningen, The Netherlands;
Keio University Hospital, Keio, Japan.
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2.5 Radiation Safety – Drug Handling
Clinical Considerations
To decrease radiation exposure to the breastfed infant, advise a lactating woman to pump
• Use waterproof gloves, effective radiation shielding, and appropriate safety measures
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Usediscard breastmilk and avoid close (breast) contact with the infant for at least 9 hours
when handling
Fludeoxyglucose
F 18
Injection
to avoid
radiation
exposure
• Radiopharmaceuticals
should
be used by or
under
the control
of unnecessary
physicians who
are qualiafter
administration
of Fludeoxyglucose
18 Injection.
The safety
andthe
effectiveness
of Fludeoxyglucose
F 18F Injection
in pediatric patients with
the patient,
occupational
workers,
clinical
personnel
and other
persons.
fied by specific
training
and experience
in the
safe use
and handling
of radionuclides,
and
8.4 is
Pediatric
Use on the basis of studies in adult and pediatric patients. In pediatric
established
Radiopharmaceuticals
used
by or under
the appropriate
control of physicians
who are quali- epilepsy
whose •experience
and trainingshould
have be
been
approved
by the
governmental
The
safety
and
effectiveness
of
Fludeoxyglucose
F
18
Injection
in pediatric
patients with
patients
with
epilepsy,
the
recommended
dose
is
2.6
mCi.
The
optimal dose
adjustment
fied by specific
training
experience
in the safe use and handling of radionuclides, and
agency authorized
to license
the and
use of
radionuclides.
epilepsy
is established
on the
of studies
in adult
In pediatric
on the basis
of body
size or weight
has basis
not been
determined.
Inand
the pediatric
oncology patients.
or cardioloexperience
have been
approved
by the
appropriate
governmental
• Calculatewhose
the final
dose fromand
the training
end of synthesis
(EOS)
time using
proper
radioactive
depatients
with and
epilepsy,
the recommended
dose is 2.6
mCi.
The optimal
dose
adjustment
gy settings,
the safety
effectiveness
of Fludeoxyglucose
F 18
Injection
have not
been
agency
to license
the usecalibrated
of radionuclides.
cay factors.
Assayauthorized
the final dose
in a properly
dose calibrator before administraon in
thepediatric
basis of patients.
body size or weight has not been determined. In the oncology or cardioloestablished
Calculate
dose from
the end of synthesis (EOS) time using proper radioactive detion to •the
patient the
[seefinal
Description
(11.2)].
gy settings, the safety and effectiveness of Fludeoxyglucose F 18 Injection have not been
11 DESCRIPTION
factors. Assay theF final
doseinina agiven
properly
calibrated
calibratorconsistent
before administra• The dosecay
of Fludeoxyglucose
18 used
patient
should dose
be minimized
in pediatric patients.
11.1 Chemicalestablished
Characteristics
to the patient
[see Description
(11.2)].
with the tion
objectives
of the procedure,
and the
nature of the radiation detection devices
11 DESCRIPTION
Fludeoxyglucose
F 18 Injection is a positron emitting radiopharmaceutical that is used for
• The dose of Fludeoxyglucose F 18 used in a given patient should be minimized consistent diagnostic
employed.
11.1 Chemical
purposesCharacteristics
in conjunction with positron emission tomography (PET) imaging.
18
with the objectives
of the procedure, and the nature of the radiation detection devices The active
2.6 Drug Preparation
and Administration
Fludeoxyglucose
F 18 Injection
is a positron emitting
is used for
ingredient 2-deoxy-2-[
F]fluoro-D-glucose
has the radiopharmaceutical
molecular formula ofthat
C6H• Calculateemployed.
the necessary volume to administer based on calibration time and dose.
diagnostic
purposes
in of
conjunction
with
emission
tomography
(PET) imaging.
1118FO5 with
a molecular
weight
181.26, and
haspositron
the following
chemical
structure:
2.6 Drug
Preparation
and Administration
The active ingredient 2-deoxy-2-[18F]fluoro-D-glucose has the molecular formula of C6H• Aseptically
withdraw
Fludeoxyglucose
F 18 Injection from its container.
Calculate the necessary
volume visually
to administer
based on matter
calibration
and dose.
1118FO5 with a molecular weight of 181.26, and has the following chemical structure:
• Inspect• Fludeoxyglucose
F 18 Injection
for particulate
andtime
discoloration
Aseptically withdraw
Fludeoxyglucose
F 18 Injection
from its container.
before •administration,
whenever
solution and container
permit.
Inspect Fludeoxyglucose
F 18 Injection
visually
for particulate
matterdispose
and discoloration
• Do not•administer
the drug if it contains
particulate
matter
or discoloration;
of
before administration,
whenever solution
and
container
permit.
these unacceptable
or unused preparations
in a safe
manner,
in compliance
with applica• Do not administer the drug if it contains particulate matter or discoloration; dispose of
ble regulations.
these unacceptable
or unused
preparations
in a safe
manner, in compliance with applica- Fludeoxyglucose F 18 Injection is provided as a ready to use sterile, pyrogen free, clear,
• Use Fludeoxyglucose
F 18 Injection
within
12 hours from
the EOS.
colorless solution. Each mL contains between 0.740 to 7.40GBq (20.0 to 200 mCi) of
regulations.
2.7 Imaging ble
Guidelines
18
2-deoxy-2-[
Fludeoxyglucose
F]fluoro-D-glucose
F 18 Injection
at the EOS,
is provided
4.5 mg as
of sodium
a ready chloride
to use sterile,
and 0.1
pyrogen
to 0.5%
free, clear,
Use Fludeoxyglucose
F 18following
InjectionFludeoxyglucose
within 12 hours Ffrom
the EOS.administration.
• Initiate•imaging
within 40 minutes
18 Injection
w/w ethanol
colorless
as a stabilizer.
solution. The
EachpHmL
of contains
the solution
between
is between
0.7404.5
to and
7.40GBq
7.5. The
(20.0
solution
to 200
is mCi) of
2.7 static
Imaging
Guidelines
• Acquire
emission
images 30 to 100 minutes from the time of injection.
18
packaged2-deoxy-2-[
in a multiple-dose
F]fluoro-D-glucose
glass vial andatdoes
the not
EOS,
contain
4.5 mg
any
of preservative.
sodium chloride and 0.1 to 0.5%
• Initiate
within 40 minutes following Fludeoxyglucose F 18 Injection administration.
3
DOSAGE
FORMSimaging
AND STRENGTHS
11.2 Physical Characteristics
w/w ethanol as a stabilizer. The pH of the solution is between 4.5 and 7.5. The solution is
Multiple-dose
• Acquire
30 static
mL and
emission
50 mL glass
images
vial30
containing
to 100 minutes
0.74 tofrom
7.40the
GBq/mL
time of
(20
injection.
to 200 mCi/
Fluorine Fpackaged
18 has a in
physical
half-life ofglass
109.7
minutes
andnot
decays
to Oxygen
O 16 (stable)
a multiple-dose
vial
and does
contain
any preservative.
mL)3of Fludeoxyglucose
DOSAGE FORMSF AND
18 Injection
STRENGTHS
and 4.5 mg of sodium chloride with 0.1 to 0.5%
by positron
decay.Characteristics
The principal photons useful for imaging are the dual 511 keV “annihila11.2 Physical
w/w ethanol
Multiple-dose
as a stabilizer
30 mL
(approximately
and 50 mL glass
15 vial
to 50
containing
mL volume)
0.74for
to intravenous
7.40 GBq/mLadmini(20 to 200 mCi/ tion” gamma
photons,
thataare
produced
and of
emitted
in opposite
direction
Fluorine
F 18 has
physical
half-life
109.7simultaneously
minutes and decays
to Oxygen
O 16 (stable)
stration. mL) of Fludeoxyglucose F 18 Injection and 4.5 mg of sodium chloride with 0.1 to 0.5% when thebypositron
withprincipal
an electron
(Table
2). for imaging are the dual 511 keV “annihilapositroninteracts
decay. The
photons
useful
4
CONTRAINDICATIONS
w/w ethanol as a stabilizer (approximately 15 to 50 mL volume) for intravenous adminition” gamma photons, that are produced and emitted simultaneously in opposite direction
None. stration.
whenRadiation
the positron
interacts
withfor
anFluorine
electron F(Table
Table 2. Principal
Emission
Data
18 2).
5
WARNINGS
4
CONTRAINDICATIONS
AND PRECAUTIONS
Radiation/Emission
% Per Disintegration
Mean Energy
5.1 Radiation
None.
Risks
Table 2. Principal Radiation Emission Data for Fluorine F 18
Radiation-emitting
5
WARNINGS
products,
AND PRECAUTIONS
including Fludeoxyglucose F 18 Injection, may increase the
Positron (β+)
96.73
249.8 keV
Radiation/Emission
%
Per
Disintegration
Mean Energy
risk5.1
for cancer,
Radiation
especially
Risks in pediatric patients. Use the smallest dose necessary for imaGamma (±)*
193.46
511.0 keV
ging andRadiation-emitting
ensure safe handling
products,
to protect
including
the patient
Fludeoxyglucose
and health care
F 18worker
Injection,
[seemay
Dosage
increase the
Positron (β+)
96.73
249.8 keV
and Administration
risk for cancer,
(2.5)].
especially in pediatric patients. Use the smallest dose necessary for *Produced
imaby positron annihilation
Gamma (±)*
193.46
511.0 keV
5.2 Blood Glucose
ging and
Abnormalities
ensure safe handling to protect the patient and health care worker [see Dosage
From: Kocher, D.C. Radioactive Decay Tables DOE/TIC-I 1026, 89 (1981)
In the oncology
and Administration
and neurology
(2.5)].
setting, suboptimal imaging may occur in patients with in*Produced by positron annihilation
The specific gamma ray constant (point source air kerma coefficient) for fluorine F 18 is 5.7
adequately
5.2 Blood
regulated
Glucose
blood
Abnormalities
glucose levels. In these patients, consider medical therapy
From: Kocher,
D.C. Radioactive Decay Tables DOE/TIC-I 1026, 89 (1981)
R/hr/mCi
(1.35 x 10-6 Gy/hr/kBq) at 1 cm. The half-value layer (HVL) for the 511 keV photons is
and laboratory
In the oncology
testing to and
assure
neurology
at least setting,
two dayssuboptimal
of normoglycemia
imaging prior
may occur
to Fludeoxygluin patients with
in4
mm
lead
(Pb).
The
range
of attenuation
for this
radionuclide
as a function
of lead
The
specific
gamma
ray constantcoefficients
(point source
air kerma
coefficient)
for fluorine
F 18 is 5.7
cose F 18adequately
Injection administration.
regulated blood glucose levels. In these patients, consider medical therapy
-6
shield thickness
shownx in
Gy/hr/kBq)
3. For example,
at 1 cm. the
Theinterposition
half-value layer
of an
(HVL)
8 mm
forthickness
the 511 keV
of Pb,
photons is
R/hr/mCiis (1.35
10Table
6
ADVERSEand
REACTIONS
laboratory testing to assure at least two days of normoglycemia prior to Fludeoxygluwith a coefficient
4 mm lead
of(Pb).
attenuation
The range
of 0.25,
of attenuation
will decrease
coefficients
the external
for this
radiation
radionuclide
by 75%.
as a function of lead
Hypersensitivity
cose F 18
reactions
Injectionwith
administration.
pruritus, edema and rash have been reported in the
shield thickness is shown in Table 3. For example, the interposition of an 8 mm thickness of Pb,
post-marketing
6
ADVERSE
setting.
REACTIONS
Have emergency resuscitation equipment and personnel immea coefficient of attenuation of 0.25, will decrease the external radiation by 75%.
diately available.
Hypersensitivity reactions with pruritus, edema and rash have been reported in Table
the 3.with
Radiation Attenuation of 511 keV Photons by lead (Pb) shielding
7
DRUG INTERACTIONS
post-marketing setting. Have emergency resuscitation equipment and personnel immeShield thickness (Pb) mm
Coefficient of attenuation
The interactions
diately available.
of Fludeoxyglucose F 18 Injection with other drugs taken by patients unTable 3. Radiation Attenuation of 511 keV Photons by lead (Pb) shielding
0
0.00
7
DRUG
INTERACTIONS
dergoing
PET imaging
has not been studied.
Shield thickness (Pb) mm
Coefficient of attenuation
The interactions
of Fludeoxyglucose F 18 Injection with other drugs taken by patients un8
USE IN SPECIFIC
POPULATIONS
4
0.50
0
0.00
8.1 Pregnancy
dergoing PET imaging has not been studied.
8
0.25
Risk8Summary
USE IN SPECIFIC POPULATIONS
4
0.50
Data
8.1
from
Pregnancy
published case series and case reports describe Fludeoxyglucose F 18 Injection
13
0.10
8
0.25
crossing Risk
the placenta
Summarywith uptake by the fetus (see Data). All radiopharmaceuticals have
26
0.01
the potential
Data to
from
cause
published
fetal harm
casedepending
series and case
on the
reports
fetal describe
stage of Fludeoxyglucose
development andF the
18 Injection
13
0.10
39
0.001
magnitude
crossing
of thethe
radiation
placenta
dose.
with
However,
uptake by
published
the fetusstudies
(see Data).
that describe
All radiopharmaceuticals
Fludeoxygluhave
26
0.01
cose F 18the
Injection
potential
usetoincause
pregnant
fetal women
harm depending
have not identified
on the fetal
a risk
stage
of of
drug-associated
development and the
52
0.0001
39
0.001
major birth
magnitude
defects, of
miscarriage,
the radiation
or dose.
adverse
However,
maternal
published
or fetal studies
outcomes.
thatIfdescribe
considering
FludeoxygluFludeoxyglucose
cose F 18
F 18
Injection
Injection
useadministration
in pregnant women
to a pregnant
have notwoman,
identified
inform
a riskthe
of patient
drug-associated
For use in correcting for physical
remaining at selected
52 decay of this radionuclide, the fractions
0.0001
about themajor
potential
birth for
defects,
adverse
miscarriage,
pregnancyoroutcomes
adverse maternal
based on or
thefetal
radiation
outcomes.
dose Iffrom
considering
intervals after calibration are shown in Table 4.
Fludeoxyglucose
Fludeoxyglucose
F 18 Injection
F 18 Injection
and the administration
gestational timing
to a pregnant
of exposure.
woman,
The estimated
inform the patient
For use in correcting for physical decay of this radionuclide, the fractions remaining at selected
background
about
riskthe
of potential
major birth
for defects
adverseand
pregnancy
miscarriage
outcomes
for the
based
indicated
on the
population
radiation dose
is
from
intervals after calibration are shown in Table 4.
Table 4. Physical Decay Chart for Fluorine F 18
unknown.
Fludeoxyglucose
All pregnanciesFhave
18 Injection
a background
and the
riskgestational
of birth defect,
timing
loss,
of or
exposure.
other adverse
The estimated
Minutes
Fraction Remaining
outcomes.
background
In the U.S.risk
general
of major
population,
birth defects
the estimated
and miscarriage
background
for the
risk indicated
of major birth
population is
Table 4. Physical Decay Chart for Fluorine F 18
defects and
unknown.
miscarriage
All in
pregnancies
clinically recognized
have a background
pregnancies are
risk2-4%
of birth
and 15-20%,
defect, loss,
respectively.
or other adverse
0*
1.000
Minutes
Fraction Remaining
Data
outcomes. In the U.S. general population, the estimated background risk of major birth
15
0.909
Human Data
defects and miscarriage in clinically recognized pregnancies are 2-4% and 15-20%, respectively.
0*
1.000
Data from
Data
published case series and case reports describe Fludeoxyglucose F 18 Injection
30
0.826
15
0.909
crossing the
Human
placental
Data barrier and visualization of radioactivity throughout the body of the
60
0.683
fetus. TheData
estimated
from published
fetal absorbed
case series
radiation
and case
dose reports
from the
describe
maximum
Fludeoxyglucose
labeled dose F(370
18 Injection
30
0.826
110
0.500
MBq) of Fludeoxyglucose
crossing the placental
F 18 was
barrier
10 and
mGyvisualization
with first trimester
of radioactivity
exposurethroughout
to PET alone
theand
body of the
60
0.683
20 mGy with
fetus.first
Thetrimester
estimated
exposure
fetal absorbed
to PET/CT
radiation
scan combination.
dose from the
Long-term
maximum
adverse
labeled
radidose (370
220
0.250
110
0.500
ation effects
MBq)
toof
a child
Fludeoxyglucose
exposed to Fludeoyxglucose
F 18 was 10 mGy
F 18
with
Injection
first trimester
in uteroexposure
are unknown.
to PETNoalone and
adverse fetal
20 mGy
effects
with
or first
radiation-related
trimester exposure
risks have
to PET/CT
been identified
scan combination.
for diagnostic
Long-term
procedures
adverse *calibration
raditime
220
0.250
involvingation
less than
effects
50 to
mGy,
a child
which
exposed
represents
to Fludeoyxglucose
less than 20 mGy
F 18
fetal
Injection
doses.in utero are unknown. No
12
CLINICAL
PHARMACOLOGY
8.2 Lactationadverse fetal effects or radiation-related risks have been identified for diagnostic procedures
*calibration time
12.1 Mechanism of Action
Risk Summary
involving less than 50 mGy, which represents less than 20 mGy fetal doses.
Fludeoxyglucose
F 18
is a glucose analog that concentrates in cells that rely upon glucose
12 CLINICAL
PHARMACOLOGY
A published
8.2 Lactation
case report and case series show the presence of Fludeoxyglucose F 18 Injecas an
energy
source, or
cells whose dependence on glucose increases under pathophy12.1
Mechanism
ofin
Action
tion in human
Risk Summary
milk following administration. There are no data on the effects of Fludeoxyconditions. Fludeoxyglucose
F 18analog
is transported
through the
cell membrane
by glucose
F 18 is a glucose
that concentrates
in cells
that rely upon
glucose FA18
published
Injectioncase
on the
report
breastfed
and case
infant
series
or show
the effects
the presence
on milk of
production.
Fludeoxyglucose
Exposure
F 18 Injec- siologicalFludeoxyglucose
F] FDGtransporter
proteins
is phosphorylated
theincreases
cell to [18under
asglucose
an energy
source, or
in cellsand
whose
dependence onwithin
glucose
pathophyof Fludeoxyglucose
tion in human
F 18
milk
Injection
following
to aadministration.
breastfed infant
There
canare
beno
minimized
data on the
by effects
temporary
of Fludeoxy- facilitative
by theconditions.
enzyme hexokinase.
Once phosphorylated
it cannot
exitthe
until
it is
desiological
Fludeoxyglucose
F 18 is transported
through
cell
membrane
by
discontinuation
glucoseofF breastfeeding
18 Injection on(see
theClinical
breastfed
Considerations).
infant or the effects
The developmental
on milk production.
and he-Exposure 6-phosphate
by glucose-6-phosphatase.
Therefore,
within a given tissue
pathophyfacilitative
glucose transporter proteins
and is phosphorylated
withinorthe
cell to [18F] FDGalth benefits
of Fludeoxyglucose
of breastfeedingFshould
18 Injection
be considered
to a breastfed
along with
infant
the
can
mother’s
be minimized
clinical need
by temporary phosphorylated
siological
6-phosphate
process,
the
by
retention
the
enzyme
and
clearance
hexokinase.
of
Once
Fludeoxyglucose
phosphorylated
F
18
it
reflect
cannot
a
exit
balance
until
it
is
defor Fludeoxyglucose
discontinuation
F 18ofInjection,
breastfeeding
any potential
(see Clinical
adverse
Considerations).
effects on the
Thebreastfed
developmental
child and heglucose transporter,
by glucose-6-phosphatase.
hexokinase and glucose-6-phosphatase
Therefore, within aactivities.
given tissue
F 18
or is
pathophyfrom Fludeoxyglucose
alth benefits of
F 18
breastfeeding
Injection or should
from the
beunderlying
consideredmaternal
along with
condition.
the mother’s clinical need involvingphosphorylated
siological
glucose
process,
metabolism.
the retention and clearance of Fludeoxyglucose F 18 reflect a balance
for Fludeoxyglucose F 18 Injection, any potential adverse effects on the breastfed child used to assess
involving glucose transporter, hexokinase and glucose-6-phosphatase activities. F 18 is
from Fludeoxyglucose F 18 Injection or from the underlying maternal condition.
used to assess glucose metabolism.
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HIGHLIGHTS OF PRESCRIBING
The recommended dose:
In comparison to background activity of• the
specific
tissue
INFORMATION
for adults
is 5organ
to 10or
mCi
(185 type,
to 370regions
MBq), of
decreaseddo
or not
absent
uptake
of Fludeoxyglucose
F 18 reflect
the decrease
or absence of
These highlights
include
all the
in all indicated
clinical
settings (2.1).
glucose
metabolism.
Regions of increased• uptake
of Fludeoxyglucose
18 reflect
greater
information
needed
to use Fludeoxyglufor pediatric
patients is 2.6FmCi
in the neuthan
normalsafely
rates of
glucose
metabolism. rology setting (2.2).
cose F 18
Injection
and
effectively.
See12.2
full Pharmacodynamics
prescribing information for FludeInitiate imaging within 40 minutes following
Fludeoxyglucose
F 18 Injection is rapidly distributed
to all organs
of static
the body
after intravenous
oxyglucose
F 18 Injection.
drug injection;
acquire
emission
images
administration.
After background
clearance30oftoFludeoxyglucose
F 18
Injection,
optimal
Fludeoxyglucose
F 18 Injection,
USP
100 minutes from
time
of injection
(2).PET
imaging isuse
generally achieved between 30 to 40 DOSAGE
minutes after
administration.
For intravenous
FORMS
AND STRENGTHS
In cancer,
the 2005
cells are generally characterized
by enhanced
glucose
partially
Initial U.S.
Approval:
Multi-dose
30mL and
50mLmetabolism
glass vial contadue
to (1) an increase
in activity of glucose
transporters,
(2) an
increased
of phosphoINDICATIONS
AND USAGE
ining
0.74 to 7.40
GBq/mL
(20rate
to 200
mCi/
rylation activity,
(3) a reduction
of phosphatase
activity or, (4) a dynamic
alterationand
in the
Fludeoxyglucose
F 18 Injection
is indicated
mL) Fludeoxyglucose
F 18 Injection
balance
among
all these processes.
metabolism
cancer
for positron
emission
tomography
(PET) ima-However,
4.5mgglucose
of sodium
chlorideofwith
0.1 as
to reflected
0.5%
by following
Fludeoxyglucose
considerable
variability.
Depending on
ging in the
settings:F 18 accumulation shows
w/w ethanol
as a stabilizer
(approximately
15 tumor For
type,
stage, andof
location,
Fludeoxyglucose
F 18
accumulation
may be increased,
• Oncology:
assessment
abnormal
gluto 50 mL
volume)
for intravenous
administra-normal, or decreased.
inflammatory
can
have the same variability of uptake of Flucose metabolism
to assistAlso,
in the
evaluation cells
tion
(3).
deoxyglucose
F 18. with known or
of malignancy
in patients
CONTRAINDICATIONS
In theabnormalities
heart, under normal
conditions,
suspected
found aerobic
by other
None.the myocardium meets the bulk of its energy
requirements
by
oxidizing
free
fatty
acids.
Most
of
the exogenous
glucose taken up by
testing modalities, or in patients with an
WARNINGS
AND PRECAUTIONS
thediagnosis
myocyteof
is cancer.
converted into glycogen. However,
under
ischemic
conditions,
oxidatiexisting
• Radiation
risks:
use smallest
dosethe
neceson of free
fattyidentification
acids decreases,
exogenous
glucose
becomes
the preferred myocardial
• Cardiology:
For the
of left
sary
for imaging
(5.1).
substrate,
glycolysis
is stimulated,
and glucose
up byadnormalities:
the myocyte ismay
metabolized
ventricular
myocardium
with
residual glu• Bloodtaken
glucose
cause
immediatelyand
instead
of being
intosuboptimal
glycogen. imaging
Under these
conditions, phosphocose metabolism
reversible
lossconverted
of sys(5.2).
rylated Fludeoxyglucose
F 18 accumulates
in the myocyte
andREACTIONS
can be detected with PET
tolic function
in patients with coronary
arADVERSE
imaging. and left ventricular dystery disease
Hypersensitivity reactions have occurred;
In the
brain,
cellstogether
normallywith
rely myoon aerobic
metabolism.
In epilepsy,
the glucose
metabofunction,
when
used
have
emergency
resuscitation
equipment
varies.imaging.
Generally, during a seizure, glucose
metabolism
increases.available
Interictally,
cardiallism
perfusion
and personnel
immediately
(6). the seizure focus
tends
to be hypometabolic.
• Neurology:
For the
identification
of regions
To report SUSPECTED ADVERSE
12.3
Pharmacokinetics
of
abnormal
glucose metabolism associatREACTIONS, contact PETNET Solutions, Inc.
Distribution:
In four
healthy
receiving an or
intravenous
administration of
ed with
foci of epileptic
seizures
(1).male volunteers,
at 877-473-8638
FDA at 1-800-FDA-1088
30 seconds
the arterial bloodorlevel
profile for Fludeoxyglucose F 18 decayed
DOSAGE
AND induration,
ADMINISTRATION
www.fda.gov/medwatch.
triexponentially.
The effective
half-life ranges of USE
the three
phases POPULATIONS
were 0.2 to 0.3 minutes,
Fludeoxyglucose
F 18 Injection
emits radiation.
IN SPECIFIC
10 to 13to
minutes
withradiation
a mean and
standard
deviation (STD)
of 11.6discontinue
(±) 1.1 min, breastand 80 to
Use procedures
minimize
expo• Lactation:
Temporarily
95 minutes
a mean
and STD of 88 (±) 4feeding.
min. A lactating woman should pump
sure. Screen
for bloodwith
glucose
abnormalities.
Plasma
protein
binding
of
Fludeoxyglucose
F
18
has
not
been
studied.
• In the oncology and neurology settings, inand discard breastmilk for 9 hours after
18
Fludeoxyglucose
18 is transported
into cells and
struct Metabolism:
patients to fast
for 4 to 6 hoursF prior
Fludeoxyglucose
F 18 phosphorylated
Injection (8.2). to [ F]a rate proportional
to
the rate of
glucose
utilization
within thatintisto theFDG-6-phosphate
drug’s injection. atConsider
medical
•
Pediatric
Use:
Safety
and
effectiveness
18
18
sue.
F]-FDG-6-phosphate
presumably
is pediatric
metabolized
to 2-deoxy-2-[
therapy
and[ laboratory
testing to assure
at
patients
have not F]fluoro-6-phosbeen estab18
pho-D-mannose([
F]FDM-6-phosphate).
least two
days of normoglycemia
prior to
lished in the oncology and cardiology setFludeoxyglucose
F 18
Injection may containtings
several
impurities (e.g., 2-deoxy-2-chloro-Dthe drug’s
administration
(5.2).
(8.4).
(ClDG)).
Biodistribution
of PATIENT
ClDG areCOUNSELING
presumed to be similar to
• In the glucose
cardiology
setting,
administrationand
of metabolism
See 17 for
Fludeoxyglucose
18liquids
and would
to result in intracellular formation of 2-deglucose-containing
foodFor
(e.g., be
50expected
INFORMATION
oxy-2-chloro-6-phospho-D-glucose
(ClDG-6-phosphate)
and
2-deoxy-2-chloro-6-phosphoto 75 grams) prior to the drug’s injection faRevised: 10/2019
The phosphorylated deoxyglucose compounds are decilitatesD-mannose
localization(ClDM-6-phosphate).
of cardiac ischemia (2.3).
phosphorylated
and the resulting
Aseptically
withdraw Fludeoxyglucose
F 18 compounds (FDG, FDM, ClDG, and ClDM) presumably
by passive
diffusion.
Fludeoxyglucose F 18 and related compounds are cleared
Injectionleave
from cells
its container
and
administer
from non-cardiac
tissues within 3 to 24 hours after administration. Clearance from the
by intravenous
injection (2).
cardiac tissue may require more than 96 hours. Fludeoxyglucose F 18 that is not involved
in glucose metabolism in any tissue is then excreted in the urine.
Elimination:
Fludeoxyglucose
F 18 is cleared 8.2
from Lactation
most tissues within 24 hours and can
FULL PRESCRIBING
INFORMATION:
CONTENTS*
be eliminated
the body unchanged in the
urine.
WithinUse
33 minutes, a mean of 3.9%
1 INDICATIONS
AND from
USAGE
8.4
Pediatric
of
the
administrated
radioactive
dose
was
measured
in the urine. The amount of radiation
1.1 Oncology
11 DESCRIPTION
post-administration
suggests that 20.6%
1.2 exposure
Cardiologyof the urinary bladder at two hours
11.1
Chemical Characteristics
of the radioactive dose was present in11.2
the bladder.
1.3 (mean)
Neurology
Physical Characteristics
Special
Populations:
2 DOSAGE
AND
ADMINISTRATION
12 CLINICAL PHARMACOLOGY
pharmacokinetics
ofAdults
Fludeoxyglucose F 18
Injection
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MIRDOSE 2 software was used to calculate the radiation absorbed dose.
The dynamic bladder model with a uniform voiding frequency of 1.5 hours was used.
* LLI = lower large intestine; ** ULI = upper large intestine
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CERIANNA™ (fluoroestradiol F 18) Injection
HIGHLIGHTS OF PRESCRIBING
INFORMATION
These highlights do not include all the
information needed to use CERIANNA™
safely and effectively. See full prescribing
information for CERIANNA.
CERIANNA™ (fluoroestradiol F 18)
Injection, for intravenous use
Initial U.S. Approval: 2020
INDICATIONS AND USAGE
CERIANNA is a radioactive diagnostic agent
indicated for use with positron emission tomography (PET) imaging for the detection of
estrogen receptor (ER)-positive lesions as an
adjunct to biopsy in patients with recurrent
or metastatic breast cancer.
Limitations of Use
Tissue biopsy should be used to confirm recurrence of breast cancer and to verify ER
status by pathology. CERIANNA is not useful
for imaging other receptors, such as human
epidermal growth factor receptor 2 (HER2)
and the progesterone receptor (PR). (1, 5.1)
DOSAGE AND ADMINISTRATION
• Recommended dose is 222 MBq (6 mCi),
with a range of 111 MBq to 222 MBq (3 mCi
to 6 mCi), administered as an intravenous
injection over 1 to 2 minutes. (2.2)
• Recommended imaging start time is 80
minutes (range 20 minutes to 80 minutes)
after drug administration. (2.4)
• See full prescribing information for additional preparation, administration, imaging, and
radiation dosimetry information. (2)

FULL PRESCRIBING INFORMATION: CONTENTS*
1 INDICATIONS AND USAGE
2 DOSAGE AND ADMINISTRATION
2.1 Radiation Safety - Drug Handling
2.2 Recommended Dosage and
Administration Instructions
2.3 Patient Preparation
2.4 Image Acquisition
2.5 Image Interpretation
2.6 Radiation Dosimetry
3 DOSAGE FORMS AND STRENGTHS
4 CONTRAINDICATIONS
5 WARNINGS AND PRECAUTIONS
5.1 Risk of Misdiagnosis
5.2 Radiation Risks
6 ADVERSE REACTIONS
6.1 Clinical Trials Experience
7 DRUG INTERACTIONS
8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
8.2 Lactation
8.4 Pediatric Use
8.5 Geriatric Use

DOSAGE FORMS AND STRENGTHS
Injection: 148 MBq/mL to 3,700 MBq/mL (4
mCi/mL to 100 mCi/mL) of fluoroestradiol F
18 in a multiple-dose vial. (3)

Preparation and Administration
• For patient preparation instructions, see (2.3).
• Use aseptic technique and radiation shielding when withdrawing and
administering CERIANNA.
• Visually inspect the radiopharmaceutical solution. Do not use if it contains particulate
matter or if it is cloudy or discolored (CERIANNA is a clear, colorless solution).
• CERIANNA may be diluted with 0.9% Sodium Chloride Injection, USP.
• Assay the dose in a suitable dose calibrator prior to administration.

CONTRAINDICATIONS
None (4)
WARNINGS AND PRECAUTIONS
• Risk of Misdiagnosis. Do not use CERIANNA
in lieu of biopsy when biopsy is indicated in
patients with recurrent or metastatic breast
cancer. Pathology or clinical characteristics
that suggest a patient may benefit from
systemic hormone therapy should take precedence over a discordant negative CERIANNA scan. (5.1)
• Radiation Risks. Ensure safe drug handling
and patient preparation procedures to protect patients and health care providers
from unintentional radiation exposure.
(2.1, 2.3, 5.2)
ADVERSE REACTIONS
Reported adverse reactions include: injection-site pain and dysgeusia
To report SUSPECTED ADVERSE
REACTIONS, contact Zionexa US Corp at
+1.844.946.6392 or FDA at 1-800-FDA1088 or www.fda.gov/medwatch. (6)
USE IN SPECIFIC POPULATIONS
• Lactation: Interrupt breastfeeding. Advise a
lactating woman to avoid breastfeeding for 4
hours after CERIANNA administration. (8.2)
See 17 for PATIENT COUNSELING
INFORMATION
Revised: 07/2020
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Post-Administration Instructions
• Follow the CERIANNA injection with an intravenous flush of 0.9% Sodium Chloride
injection, USP.
• Dispose of any unused CERIANNA in compliance with applicable regulations.
2.3 Patient Preparation
Assessment for Drug Interactions
Image patients with CERIANNA prior to starting systemic endocrine therapies that target
ER (e.g., ER modulators and ER down-regulators) [see Drug Interactions (7.1)].
Patient Hydration and Voiding
Instruct patients to drink water to ensure adequate hydration prior to administration of
CERIANNA and to continue drinking and voiding frequently during the first hours following administration to reduce radiation exposure.
Pregnancy Status
Assessment of pregnancy status is recommended in females of reproductive potential before administering CERIANNA.
2.4 Image Acquisition
Position the patient supine with arms above the head, if possible. The recommended start
time for image acquisition is 80 minutes after the intravenous administration of CERIANNA. Scan duration adapted from the range of 20 minutes to 30 minutes and imaging start
times adapted within the range of 20 minutes to 80 minutes may be customized according
to the equipment used and patient and tumor characteristics for optimal image quality.
2.5 Image Interpretation
Uptake of fluoroestradiol F 18 depends on ER density and function in tumors and physiologic tissue, including in liver, ovary, and uterus. Detection of ER-positive tumors should be
based on comparison with tissue background outside of organs with high physiologic uptake and regions with high activity due to hepatobiliary and urinary excretion.
2.6 Radiation Dosimetry
Radiation absorbed dose estimates are shown in Table 1 for organs and tissues of adults from
intravenous administration of CERIANNA. The radiation effective dose resulting from administration of 222 MBq (6 mCi) of CERIANNA to an adult weighing 70 kg is estimated to be 4.9 mSv.
Critical organs include the liver, gallbladder, and uterus. When PET/CT is performed, exposure
to radiation will increase by an amount dependent on the settings used for the CT acquisition.
Table 1. Estimated Radiation Absorbed Doses in Various Organs/Tissues
in Adults Who Received FLUOROESTRADIOL F 18
Organ

Mean Absorbed Dose Per Unit of Activity Administered (mGy/MBq)

Adrenals

0.023

Brain

0.01

Breasts

0.009

Gallbladder

0.102

Lower large intestine

0.012

Small intestine

0.027

Stomach

0.014

Upper large intestine

0.03

Heart wall

0.026

Kidney

0.035

Liver

0.126

Lungs

0.017

Muscle

0.021

Ovaries

0.018

Pancreas

0.023

Red Marrow

0.013

Bone surface

0.014

Skin

0.005

Spleen

0.015

Testes

0.012

2.1 Radiation Safety - Drug Handling
CERIANNA is a radioactive drug. Only authorized persons qualified by training and experience should receive, use, and administer CERIANNA. Handle CERIANNA with appropriate
safety measures to minimize radiation exposure during administration [see Warnings and
Precautions (5.2)]. Use waterproof gloves and effective radiation shielding, including syringe shields, when preparing and handling CERIANNA.

Thymus

0.014

Thyroid

0.012

Urinary bladder

0.05

Uterus

0.039

Lens

0.009

2.2 Recommended Dosage and Administration Instructions

Effective dose = 0.022 mSv/MBq

* Sections or subsections omitted from the
full prescribing information are not listed.

FULL PRESCRIBING INFORMATION
1

INDICATIONS AND USAGE
CERIANNA is indicated for use with positron emission tomography (PET) imaging for the
detection of estrogen receptor (ER)-positive lesions as an adjunct to biopsy in patients
with recurrent or metastatic breast cancer.
Limitations of Use
Tissue biopsy should be used to confirm recurrence of breast cancer and to verify ER status
by pathology. CERIANNA is not useful for imaging other receptors, such as human epidermal growth factor receptor 2 (HER2) and the progesterone receptor (PR).

2

DOSAGE AND ADMINISTRATION

Recommended Dosage
The recommended amount of radioactivity to be administered for PET imaging is 222 MBq
(6 mCi), with a range of 111 MBq to 222 MBq (3 mCi to 6 mCi), administered as a single
intravenous injection of 10 mL or less over 1 to 2 minutes.

3

DOSAGE FORMS AND STRENGTHS
Injection: clear, colorless solution in a multiple-dose vial containing 148 MBq/mL to 3,700
MBq/mL (4 mCi/mL to 100 mCi/mL) of fluoroestradiol F 18 at end of synthesis.
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4

5

CONTRAINDICATIONS
None.
WARNINGS AND PRECAUTIONS

5.1 Risk of Misdiagnosis

11

DESCRIPTION

11.1 Chemical Characteristics
CERIANNA contains fluoroestradiol fluorine 18 (F 18), a synthetic estrogen analog. Chemically, fluoroestradiol F 18 is [18F]16α-fluoro-3,17β-diol-estratriene-1,3,5(10). The molecular weight is 289.37, and the structural formula is:

Inadequate Tumor Characterization and Other ER-Positive Pathology
Breast cancer may be heterogeneous within patients and across time. CERIANNA images
ER and is not useful for imaging other receptors such as HER2 and PR. The uptake of fluoroestradiol F 18 is not specific for breast cancer and may occur in a variety of ER-positive tumors that arise outside of the breast, including from the uterus and ovaries. Do not use
CERIANNA in lieu of biopsy when biopsy is indicated in patients with recurrent or metastatic breast cancer.
False Negative CERIANNA Scan
A negative CERIANNA scan does not rule out ER-positive breast cancer [see Clinical Studies
(14)]. Pathology or clinical characteristics that suggest a patient may benefit from systemic hormone therapy should take precedence over a discordant negative CERIANNA scan.
5.2 Radiation Risks
Diagnostic radiopharmaceuticals, including CERIANNA, expose patients to radiation [see
Dosage and Administration (2.6)]. Radiation exposure is associated with a dose-dependent increased risk of cancer. Ensure safe drug handling and patient preparation procedures to protect patients and health care providers from unintentional radiation exposure
[see Dosage and Administration (2.1) and (2.3)].
6

ADVERSE REACTIONS

6.1 Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials of another drug and may not reflect the rates observed in practice.
The safety of CERIANNA was evaluated from published clinical studies of 1207 patients
with breast cancer receiving at least one fluoroestradiol F 18 administration. The following adverse reactions occurred at a rate < 1%:
• General disorders: injection-site pain
• Neurological and gastrointestinal disorders: dysgeusia
7

DRUG INTERACTIONS

7.1 Systemic Endocrine Therapies that Target Estrogen Receptors
Certain classes of systemic endocrine therapies, including ER modulators and ER down-regulators, block ER, reduce the uptake of fluoroestradiol F 18, and may reduce detection of
ER-positive lesions after administration of CERIANNA. Drugs from these classes such as tamoxifen and fulvestrant may block ER for up to 8 and 28 weeks, respectively. Do not delay
indicated therapy in order to administer CERIANNA. Administer CERIANNA prior to starting
systemic endocrine therapies that block ER [see Dosage and Administration (2.3)].
8

CERIANNA is a sterile, clear, colorless solution for intravenous injection, with an osmolarity
of 340 mOsm. Its pH ranges between 4.5 to 7.0. The composition of the final product in
40 mL solution is fluoroestradiol no more than 5 μg, fluoroestradiol F 18 148 MBq/mL to
3,700 MBq/mL (4 mCi/mL to 100 mCi/mL), sodium ascorbate 0.44% w/v in sodium chloride 0.9% w/v, and ethanol no more than 3.2% w/v.

USE IN SPECIFIC POPULATIONS

8.1 Pregnancy
Risk Summary
All radiopharmaceuticals, including CERIANNA, have the potential to cause fetal harm depending on the fetal stage of development and the magnitude of radiation dose. Advise a
pregnant woman of the potential risks of fetal exposure to radiation from administration
of CERIANNA.
There are no available data on CERIANNA use in pregnant women. No animal reproduction
studies using fluoroestradiol F 18 have been conducted to evaluate its effect on female
reproduction and embryo-fetal development.
The estimated background risk of major birth defects and miscarriage for the indicated
populations is unknown. All pregnancies have a background risk of birth defects, loss, or
other adverse outcomes.
In the U.S. general population, the estimated background risk of major birth defects and
miscarriage in clinically recognized pregnancies is 2-4% and 15-20%, respectively.
8.2 Lactation
Risk Summary
There are no data on the presence of fluoroestradiol F 18 in human milk, or its effects on
the breastfed infant or milk production. Lactation studies have not been conducted in animals. Advise a lactating woman to avoid breastfeeding for 4 hours after CERIANNA administration in order to minimize radiation exposure to a breastfed infant.
8.4 Pediatric Use
The safety and effectiveness of CERIANNA in pediatric patients have not been established.
8.5 Geriatric Use
Clinical studies of fluoroestradiol F 18 injection did not reveal any difference in pharmacokinetics or biodistribution in patients aged 65 and over.
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11.2 Physical Characteristics
CERIANNA is radiolabeled with F 18, a cyclotron produced radionuclide that decays by positron emission to stable oxygen 18 with a half-life of 109.8 minutes. The principal photons useful for diagnostic imaging are the coincident pair of 511 keV gamma photons, resulting from the interaction of the emitted positron with an electron (Table 2).
Table 2. Principal Radiation Produced From Decay of Fluorine 18 Radiation
Radiation

Energy Level (keV)

% Abundance

Positron

249.8

96.9

Gamma

511

193.5

11.3 External Radiation
The point source air-kerma coefficient for F 18 is 3.75 x 10-17 Gy m2 / (Bq s). The first halfvalue thickness of lead (Pb) for F 18 gamma rays is approximately 6 mm. The relative reduction of radiation emitted by F 18 that results from various thicknesses of lead shielding
is shown in Table 3. The use of 8 cm Pb decreases the radiation transmission (i.e., exposure) by a factor of about 10,000.
Table 3. Radiation Attenuation of 511 keV Gamma Rays by Lead Shielding
Shield Thickness cm of Lead (Pb)

Coefficient of Attenuation

0.6

0.5

2

0.1

4

0.01

6

0.001

8

0.0001
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CLINICAL PHARMACOLOGY

12.1 Mechanism of Action
Fluoroestradiol F 18 binds ER. The following binding affinity: Kd = 0.13 ± 0.02 nM, Bmax =
1901 ± 89 fmol/mg, and IC50 = 0.085 nM, was determined in an ER-positive human breast
cancer cell line (MCF-7).
12.2 Pharmacodynamics
The relationship between fluoroestradiol F18 plasma concentrations and image interpretation has not been studied. Fluoroestradiol F18 uptake measured by PET in human tumors is directly proportional to tumor ER expression measured by in vitro assays.
12.3 Pharmacokinetics
Distribution
After intravenous injection, 95% of fluoroestradiol F 18 is bound to plasma proteins. Fluoroestradiol F 18 distributes primarily to hepatobiliary system, and also to small and large
intestines, heart wall, blood, kidney, uterus and bladder.
Metabolism
Fluoroestradiol F 18 is metabolized in the liver. At 20 minutes after injection, approximately 20% of circulating radioactivity in the plasma is in the form of non-metabolized fluoroestradiol F 18. At 2 hours after injection, circulating fluoroestradiol F 18 levels are less
than 5% of peak concentration.
Excretion
Elimination is by biliary and urinary excretion.

CERIANNA™ (fluoroestradiol F 18) Injection
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NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
Carcinogenesis
No long-term studies in animals were performed to evaluate the carcinogenic potential of
CERIANNA.
Mutagenesis
Fluoroestradiol was evaluated by in vitro bacterial reverse mutation assay (Ames test) and
in vitro L5178Y/TK+/- mouse lymphoma mutagenesis assay. Fluoroestradiol was negative
for genotoxicity by Ames test at up to 1.25 μg per plate for 5 tester strains (Salmonella typhimurium tester strains TA98, TA100, TA1535 and TA1537 and Escherichia Coli tester
strain WP2 uvrA) in the presence or absence of S9 metabolic activation. Fluoroestradiol
was negative for genotoxicity by L5178Y/TK+/- mouse lymphoma mutagenesis assay at up
to 8 ng/mL in the absence or presence of S9 metabolic activation.
Potential in vivo genotoxicity of fluoroestradiol was evaluated in a rat micronucleus assay.
In this assay, fluoroestradiol did not increase the number of micronucleated polychromatic
erythrocytes (MN-PCEs) at 51 μg/kg/day, when given for 14 consecutive days. However,
CERIANNA has the potential to be mutagenic because of the F 18 radioisotope.
Impairment of Fertility
No studies in animals have been performed to evaluate potential impairment of fertility in
males or females.
14

CLINICAL STUDIES
The effectiveness of CERIANNA for detecting ER-positive non-primary breast cancer lesions
was evaluated based on published study reports of fluoroestradiol F 18. Study 1
(NCT01986569) enrolled 90 women (median age 55 years, 39% premenopausal) with histologically confirmed invasive breast cancer. The patients had first known or suspected recurrence of treated breast cancer or stage IV metastatic breast cancer. Recent biopsy of lesions outside of bone and areas with high physiologic fluoroestradiol F 18 uptake was also
required [see Dosage and Administration (2.5)]. Patients concurrently using estrogen receptor modulators or fulvestrant discontinued them 60 days prior to fluoroestradiol F 18
administration. Concurrent use of aromatase inhibitors was permitted. Three image readers were blinded to all clinical information, except for the location of the largest biopsied
lesion, for which pathologists independently provided an Allred score (0 to 8). The image
readers scored the intensity of FES uptake on a three-point scale relative to normal biodistribution as either “decreased,” “equivocal,” or “increased” (1 to 3).
Image reader performance for distinguishing between ER-positive and ER-negative fluoroestradiol F 18 uptake was compared to biopsy in 85 patients. Of the 47 patients with positive biopsy (Allred score ≥ 3), 36 were positive on imaging (majority reader score = 3). Ten
of 11 patients with false negative imaging had Allred scores between 3 and 6 [see Warnings and Precautions (5.1)]. Of the 38 patients with negative biopsy, all 38 were negative
on imaging.
Study 2 (NCT00602043) in 13 patients showed similar results.

16 HOW SUPPLIED/STORAGE AND HANDLING
16.1 How Supplied
CERIANNA is supplied in a 50 mL multiple-dose glass vial (NDC# 72874-001-01) containing a
clear, colorless injection solution at a strength of 148 MBq/mL to 3,700 MBq/mL (4 mCi/mL
to 100 mCi/mL) fluoroestradiol F 18 at the end of synthesis. Each vial contains multiple doses and is enclosed in a shield container to minimize external radiation exposure.
16.2 Storage and Handling
Storage
Store CERIANNA at controlled room temperature (USP) 20°C to 25°C (68°F to 77°F). Store
CERIANNA upright in the original container with radiation shielding. The expiration date
and time are provided on the container label. Use CERIANNA within 10 hours from the
time of the end of synthesis.
Handling
This preparation is approved for use by persons under license by the Nuclear Regulatory
Commission or the relevant regulatory authority of an Agreement State.
17

PATIENT COUNSELING INFORMATION
Radiation Risks
Advise patients of the radiation risks of CERIANNA [see Warnings and Precautions (5.2)].
Instruct patients to drink water to ensure adequate hydration prior to administration of
CERIANNA and to continue drinking and voiding frequently during the first hours following administration to reduce radiation exposure [see Dosage and Administration (2.3)].
Pregnancy
Advise a pregnant woman of the potential risks of fetal exposure to radiation doses with
CERIANNA [see Use in Specific Populations (8.1)].
Lactation
Advise a lactating woman to avoid breastfeeding for 4 hours after CERIANNA administration in order to minimize radiation exposure to a breastfed infant [see Use in Specific Populations (8.2)].

Distributed by:
ZIONEXA US CORP.
10475 Crosspoint Blvd, Suite 250
Indianapolis, IN 46256
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Legal information: On account of certain regional limitations of
sales rights and service availability, we cannot guarantee that all
products included in this publication are available through the
Siemens sales organization worldwide. Availability and packaging
may vary by country and is subject to change without prior notice.
Some/all of the features and products described herein may not be
available in the United States.
The information in this document contains general technical
descriptions of specifications and options as well as standard and
optional features, which do not always have to be present in
individual cases.
Siemens reserves the right to modify the design, packaging,
specifications, and options described herein without prior notice.
Please contact your local Siemens sales representative for the most
current information.
Note: Any technical data contained in this document may vary
within defined tolerances. Original images always lose a certain
amount of detail when reproduced.
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