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From the Newsline Editor: The Highlights Lecture, pre-
sented at the closing session of each SNMMI Annual Meet-
ing, was originated and presented for more than 30 years
by Henry N. Wagner, Jr., MD. Beginning in 2010, the duties
of summarizing selected significant presentations at the
meeting were divided annually among 4 distinguished nu-
clear and molecular medicine subject matter experts. Each
year Newsline publishes these lectures and selected images.
The 2019 Highlights Lectures were delivered on June 25 at
the SNMMI Annual Meeting in Anaheim, CA. In this issue
we feature the lecture by Heather A. Jacene, MD, associate
professor in the Department of Radiology at the Dana-Farber
Cancer Institute, Brigham and Women’s Hospital, and Harvard
Medical School (Boston, MA), who spoke on highlights in
general nuclear medicine and molecular imaging. Note that
in the following presentation summary, numerals in brackets
represent abstract numbers as published in The Journal of
Nuclear Medicine (2019;60[suppl 1]).

I
t is a delight to present the General Nuclear Medicine
Highlights for the 2019 SNMMI Annual Meeting. This
year the General Clinical Specialties track included 127

abstracts in the categories of musculoskeletal, gastroenterology,
renal/hypertension, pediatrics, outcomes/infection/pulmonary,
and nontherapy endocrinology. I want to thank everyone
who sent slides for this presentation and regret that because
of time constraints I am not able to share all the excellent
work presented at this meeting.

Abstracts in General Clinical Specialties once again came
from around the world, with the highest number of submissions
from the United States and China, followed by Japan and
Korea, and then by Canada, India, and South Africa. The
themes this year overlapped with those from last year, including
quantitation and dose and time efficiency, but also seemed
to focus a little more on hard-to-diagnose diseases and new
tracers to investigate these pathologies. Outcomes and specific
pediatric applications were also themes.

Diagnostic Dilemmas

Autoimmune diseases are among the most difficult to
diagnose and can be very debilitating for patients. Giant-cell
arteritis (also called temporal arteritis) has been investigated
with 18F-FDG PET/CT, but these reports have primarily con-
centrated on large vessels. Schembri et al. from Royal North
Shore Hospital (St. Leonards, Australia) looked at ‘‘Patterns
of vessel involvement in patients referred for possible giant
cell arteritis’’ [1286]. In this prospective study, they focused
on craniofacial temporal arteritis, which includes medium-
sized cranial vessels and can cause irreversible vision loss.

The study enrolled 64 patients, of
whom 58 underwent temporal artery
biopsies for the gold standard com-
parison. Biopsy was positive in 12%.
The researchers first described visual
patterns of vessel uptake on the PET
scans, including uptake in the verte-
bral arteries and smaller vessels
(Fig. 1). Smaller vessels visualized
included the maxillary, superficial
temporal, and occipital arteries. The
overall sensitivity of 18F-FDG PET/
CT for the detection of craniofacial
temporal arteritis was 92%, with a specificity of 85%. No
single vessel was always involved, and the aorta was never
involved alone. Twenty-five percent of biopsy-positive patients

had uptake only in the cranial vessels. Uptake in maxillary

and occipital arteries was specific for giant cell arteritis.

The authors concluded that inclusion of the cranial arteries

in the assessment of patients with giant-cell arteritis is feasible

and that 18F-FDG PET/CT has a high accuracy in its diagno-

sis, with the potential to guide clinicians in early treatment

decisions for this serious condition. This also reminds us of the

importance of being able to recognize different patterns of

uptake for nononcology, in addition to oncology, indications.
Complex regional pain syndrome (CRPS) is a chronic

condition, and often the pain itself is so severe that patients

are unable to undergo the invasive testing needed for diagnosis.

Fifty thousand new cases are diagnosed every year in the

United States. Yoon et al. from Stanford University (CA)

looked at ‘‘Musculoskeletal changes on 18F-FDG PET/MRI

from CRPS in the foot’’ [94]. The study included 7 patients

with CRPS diagnosed by clinical criteria and 7 healthy con-

trols. Uptake on 18F-FDG PET/MR imaging in skin, muscle,

and neurovascular bundles was compared between the 2

groups. The authors found that PET detected more abnor-

malities than MR, and higher SUVmax was seen in the muscle,

skin, and neurovascular bundles in the CRPS group than in the

control group (Fig. 2). The authors concluded that 18F-FDG

PET may be more sensitive to earlier CRPS changes than MR

imaging, before the onset of irreversible muscle or skin

atrophy. Their findings also led to the observation that the

existence of global metabolic abnormalities may suggest

that multiple CRPS subtypes with different etiologies could

be responsible for similar clinical manifestations and that

specific imaging strategies might be able to differentiate among

the subtypes. This is a potential nononcology indication for
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PET/MR imaging if larger studies can validate these find-
ings and show clinical impact.

Hariri et al. from the Health Sciences Centre (Winnipeg)
and the Montreal Heart Institute (both in Canada) looked at
the use of ‘‘18F-FDG PET/CT for the assessment of sternal
wound infection following sternotomy’’ [223]. This was a
retrospective study of 40 patients who underwent median
sternotomy, baseline PET/CT, and subsequent PET/CT at
32.66 60.4 months after surgery. As a gold standard, imaging
was compared against positive bacteria culture and/or purulent
material at surgery. Overall results showed a significant dif-
ference in SUVmax between infected and noninfected sternal
wounds but with some overlap. When participants were di-
vided into earlier and later surgery groups (,6 mo and $6
mo, respectively, between surgery and imaging), the overlap
was evident in the group who underwent imaging in the first
6 mo after sternotomy. SUVmax on 18F-FDG PET/CT per-
formed .6 mo after surgery could differentiate infected
from noninfected wounds. Using a gestalt interpretation,
18F-FDG PET/CT was more specific than CT alone for the
presence of sternal wound infection (Fig. 3). This was likely
because, as the authors reported, the varying patterns of uptake
contributed to the correct interpretation. Patterns more spe-
cific for sternal infection were soft tissue extension, focal
uptake, and sternal wire uptake. This study could provide some
guidance for us to give to referring clinicians regarding the
timing of 18F-FDG PET/CT imaging after surgery when sternal
wound infection is suspected. If the scan is performed within
6 mo of surgery, we should also be relying more on the pattern
than the intensity of tracer uptake to make our interpretation.

Braun et al. from Siemens Healthcare GmbH (Forchheim,
Germany), Siemens Medical Solutions USA, Inc. (Hoffman
Estates, IL), and University Hospital Basel (Switzerland)
presented ‘‘Quantitative 99mTc-DPD SPECT/CT for the de-
tection of prosthetic loosening in patients with hip and knee
joint replacement: An interim analysis of a prospective study’’
[92]. They looked at quantitative SPECT/CTwith and without
use of anatomic bone segmentation as well as with and with-
out mitigation for CT metal artifact reduction in 13 patients
with painful knee and hip joint prostheses (total of 22)
suspected of loosening. They showed that, regardless of the
reconstruction method, loose prostheses had higher peri-
prosthetic SUVmax than stable prostheses or joints in which
no prostheses were present. They also demonstrated by using a
receiver operating characteristic analysis and applying several
cutoffs that xSPECT Bone quantification with iterative metal
artifact reduction reconstruction methods, for example, was
more effective for detecting the presence of a loose joint than
qualitative interpretation by either trainee or senior readers.
This quantitative data could provide helpful objective in-
formation for interpreting these commonly performed scans
and underscores the high potential of quantification as a
biomarker for diagnosis of prosthetic loosening.

Development: New Tracers

The second theme I want to highlight, development of
new tracers, ties into the first theme in that many of the new
tracers presented were also for hard-to-diagnose diseases,
particularly in pulmonary pathologies. Abou Alaiwa et al.
from the University of Iowa (Iowa City) reported on ‘‘Im-
aging mucociliary clearance using 18F-alumina PET: A proof-
in-concept study’’ [293]. Abnormal mucociliary clearance is
present in multiple pulmonary pathologies, including asthma,
chronic obstructive pulmonary disease, idiopathic pulmonary
fibrosis, and cystic fibrosis. CT-based mucociliary clearance
imaging is not practical for clinical use. Their objective was to
develop a method using aerosolized nanoparticle 18F-alumina
PET to visualize and quantify mucociliary clearance in a por-
cine model. The method achieved a diffuse and homogeneous
delivery of the nanoparticles in the large airways (top row, Fig.
4), and the small distal airways could also be visualized using
this method (bottom row, Fig. 4). Clearance of the radiotracer
was evident over a relatively short period of a few minutes.
The next step for these researchers will be evaluating this
tracer and associated distribution methods in models of spe-
cific pulmonary pathologies.

FIGURE 1. 18F-FDG PET findings in cranio-
facial giant-cell arteritis (GCA). Uptake was seen
around the posterior elements of C1 and C2
within the transverse foramina of the cervical
spine in the vertebral arteries and in smaller
vessels, including the maxillary, superficial
temporal, and occipital arteries. 18F-FDG PET/
CT showed high accuracy in craniofacial
GCA diagnosis, with the potential to guide
clinicians in early treatment decisions.

FIGURE 2. Musculoskeletal changes in complex regional pain
syndrome (CRPS) of the foot on 18F-FDG PET/MR imaging. Focally
high uptake was seen in (left to right): foot muscle, neurovascular
bundles, and skin and subcutaneous tissue. PET detected more
abnormalities than MR imaging. 18F-FDG PET may be more
sensitive to earlier CRPS changes than MR, before the onset
of irreversible muscle or skin atrophy.
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Montesi et al. from Massachusetts General Hospital and
Harvard Medical School and Siemens Healthcare (both in
Boston, MA) described ‘‘Collagen-targeted PET imaging in
pulmonary fibrosis: Initial human experience’’ [297]. Pulmonary

fibrosis is a progressive and ultimately fatal disease. Current
radiologic methods can detect established scar (fibrosis) but
are unable to distinguish between new and old scars with any
single measure. They developed a PET tracer, 68Ga-CBP8,
that binds type I collagen with high affinity and specificity.
In previous work, they showed that this tracer can detect
and stage pulmonary fibrosis in a mouse model and mea-
sure treatment response. At this meeting, they reported on
first-in-human studies with 68Ga-CBP8 PET in 5 healthy
volunteers and 9 patients with idiopathic pulmonary fibrosis.
The tracer was well tolerated and safe, with rapid renal clear-
ance and low background uptake in the lungs of healthy
volunteers. They demonstrated more heterogeneous uptake
in the patient group and that the uptake of the tracer correlated
with areas of fibrosis on CT scans (Fig. 5). Test-retest repro-
ducibility studies were performed in 3 patients, with ,5%
average variation between tests. This is a potential new bio-
marker for monitoring progression and treatment of idiopathic
pulmonary fibrosis that may help in new drug development.

Werner et al. from the University Hospital Würzburg
(Germany) and Okayama University Graduate School of
Medicine, Dentistry, and Pharmaceutical Sciences (Japan) in-
troduced a ‘‘Novel 18F-labeled renal PET imaging agent, flu-
orodeoxysorbitol: A comprehensive investigation from bench
to bedside’’ [25]. 18F-FDS is a sorbitol derivative with renal
clearance kinetics similar to those of inulin, with free filtration
at the renal glomerulus and no tubular reabsorption. 18F-FDS
is derived through a single reduction step from 18F-FDG. The
authors first evaluated the tracer in a renal impairment model
of unilateral obstruction in a rat. The obstructed kidney showed
the typical delayed uptake and clearance pattern, whereas
the healthy kidney showed a normal renogram (Fig. 6).
Figure 7 represents the first images of 18F-FDS in a healthy
human. Again, normal uptake and excretion of the tracer
through the urinary system were seen. Due to the higher reso-
lution of the PET images, the investigators were able to draw
specific regions of interest around the renal cortex and
medulla. They suggested that this PET agent, if further

FIGURE 3. Imaging results after median sternotomy, showing
(top to bottom): soft-tissue extension, focal uptake, sternal wire
uptake, diffuse high-grade uptake, and diffuse low-grade uptake
on (left to right): maximum-intensity projection, 18F-FDG PET, CT,
and 18F-FDG PET/CT imaging for assessment of sternal wound
infection. PET/CT was more specific than CT alone for the pres-
ence of infection, and varying patterns of uptake were identi-
fied. These patterns can affect interpretation, as can timing of
imaging after surgery.

FIGURE 4. 18F-alumina PET imaging of
mucociliary clearance in a porcinemodel. Upper
row: Images of clearance of 18F-labeled
alumina nanoparticles showing mucociliary
clearance in the bronchial tree. Arrows indicate
clearance from large airways at (left to right):
0, 5, 10, 15, 20, and 30 min. Lower row: Arrows
indicate clearance from upper lobes at cor-
responding times, with visualization of dis-
tribution in small distal airways possible.
Clearance of the radiotracer was rapid.
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validated, can provide a more detailed evaluation of renal
urodynamics compared to standard tracers and also could
provide an opportunity for absolute quantitation that we are
unable to achieve with current planar and SPECT renal
agents. Its translation into clinical use could be accelera-
ted by its simple synthesis from 18F-FDG.

Outcomes

Chirindel et al. fromUniversity Hospital Basel (Switzerland),
Siemens Healthcare GmbH (Forchheim, Germany), and Siemens
Medical Solutions USA, Inc. (Hoffman Estates, IL) pre-
sented ‘‘3D quantitated lung perfusion 99mTc-MAA SPECT/
CT: Impact on intended management in comparison to
planar (2D) lung perfusion scan in lung cancer patients’’
[299]. This is part of the PERF-ECT study. At last year’s
meeting the authors showed that 3D quantification was
more accurate than a gold standard phantom and 2D quan-
tification for predicting forced expiratory volume 1/lobar
perfusion after surgery. This year they went a step further

and looked at the impact on intended patient management.
The study included 50 individuals with suspected or
known lung cancer who underwent preoperative evalua-
tion with 99mTc-MAA planar and SPECT/CT lung perfu-
sion scans. The lobar contribution to total lung perfusion
was assessed using a 2D planar method and a 3D method.
Using the anterior and oblique posterior 2D methods, the
patient in Figure 8 would have been considered high risk
for surgery and nonoperable. However, with the 3D quan-
titative method the patient was considered operable. The
3D quantification had a major impact on intended surgical
management in 7 (14%) patients in the study.

Brown adipose tissue (BAT) activity remains an area of
interest, with a particular focus on the ways in which BAT
relates to development of metabolic syndromes and lipo-
protein metabolism. Park et al. from the Catholic University
of Korea and Seoul St. Mary’s Hospital (both in Seoul,
South Korea) reported that ‘‘BAT activity on FDG PET/
CT is associated with favorable change in lipid profile
and reduced risk of diabetes’’ [438]. The authors compared
metabolic outcomes (lipid profiles and diabetes) in patients
with and without BAT. The study data were drawn from a
database of 1,834 patients with breast cancer. Twenty pa-
tients (1.1%) showed BAT activation on 18F-FDG PET/CT,
and a comparable age-matched group of 119 patients with-
out BAT was analyzed. Patients with BAT activity were
younger, leaner, and had lower baseline glucose and lower
cholesterol levels than the no-BAT group. Over 5-y follow-
up, the presence of BAT activity was the only statistically
significant negative predictor for development of diabetes,
with a hazard ratio of –9.007. These results support current
interest in the role of brown fat in lipoprotein metabolism
and in potential applications of BAT-related therapies in
diabetes.

Pediatrics

Many interesting abstracts on nuclear medicine in pediatric
populations were presented at this year’s meeting. Nadel
et al. from Lucile Packard Children’s Hospital (Stanford,
CA) and British Columbia Children’s Hospital (Vancouver,
Canada) looked at ‘‘The use of optimized post-contrast en-
hanced PET/CT to improve diagnostic accuracy, staging, and
follow-up of children with cancer’’ [1169]. This presentation
won this year’s General Clinical Specialties first-place poster

FIGURE 5. Collagen-targeted 68Ga-CBP8 PET imaging in a
healthy individual (top) and in an individual with idiopathic pulmo-
nary fibrosis (bottom left), with corresponding CT scan (bottom
right). The tracer binds type I collagen with high affinity and
specificity and, in this first-in-human study, was well tolerated
and safe with rapid renal clearance.

FIGURE 6. Novel 18F-fluorodeoxysorbitol
PET imaging in a rat model of unilateral renal
obstruction at (left to right) 0–5, 5–10, 10–15,
15–20, and 25–30 min after injection. The
obstructed left kidney showed typical delayed
uptake and clearance, whereas the healthy
right kidney showed a normal renogram.
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award. This was a retrospective study of 1,758 PET/CT scans
of various tumor types, 83% of which were performed with
intravenous contrast–enhanced CT as part of the PET/CT
scan as the only diagnostic CT performed. The researchers
sent out 1,140 scan evaluation surveys to referring pediatric
oncologists, with 759 (67%) completed and returned. The
survey asked about changes in management and decision
making, along with other information. The results indicated
that 18F-FDG PET/CTwith enhanced contrast changed man-
agement, both for local and systemic disease, in 68% of patients
and improved decision making in 92% of cases. Changes in
patient management included alterations in plans for sys-
temic therapy (38%), surgery or biopsy (28%), radiotherapy
(21%), and/or intention to treat (21%). The authors concluded
that optimized low-dose post-contrast enhanced 18F-FDG PET/
CT with attenuation correction in all solid tumors for di-
agnosing, staging, and follow-up may suffice without an
additional scan in this patient population, reducing the number
of scans needed and decreasing radiation exposure.

Li et al. from Peking University People’s Hospital
(Beijing, China) reported on ‘‘Prediction value of 99mTc-MDP

epiphyseal uptake in bone scintigraphy for growth potential of
the tibia: An observational study from pediatric limb salvage
for malignant bone tumors’’ [97]. It was not until quite re-
cently that expandable prostheses for children became avail-
able in China. These authors looked at the ways in which
tibial epiphyseal plates, as visualized on bone scan, differed
depending on endoprosthesis type. The study included 24 skel-
etally immature patients diagnosed with osteosarcoma or
Ewing sarcoma who received endoprosthetic reconstruction
after tumor removal (6 with hemiarthroplasty prostheses
and 18 with epiphysis-minimal invasive prostheses). Eleven
patients with adult-type rotation-hinged prostheses were en-
rolled as a control group. In addition to 99mTc-MDP whole-
body bone scintigraphy at 3–8 mo after limb salvage surgery,
tibia length was measured by conventional X-ray, and growth
velocity was calculated. Sixty-six percent of patients with
hemiarthroplasty maintained normal epiphyseal plate uptake
on bone scan postoperatively, compared to 5.6% of patients
with epiphysis-minimal invasive endoprostheses, and 0% in
children with adult-type rotation-hinged prosthesis plates
placed (Fig. 9). The authors identified a positive correlation
between tibial epiphyseal 99mTc-MDP uptake and growth
velocity in the tibia. Figure 10 shows 2 contrasting examples.
The patient on the top (left) had a hemiarthroplasty with
normal uptake in the tibial growth plate on the post-op bone
scan. On 2-y follow-up, growth rates of the 2 tibiae in this child
were equal (right). In the patient with the adult-type prosthesis
(bottom row), decreased uptake on bone scan was seen post-
operatively in the tibial growth plate, with limb length discrep-
ancy at 2-y follow-up. The authors concluded that evaluation of
proximal tibial growth plate on 99mTc-MDP bone scintigraphy
early on after endoprosthetic reconstruction surgery could both
predict long-term limb length discrepancy and enable interven-
tions. These results may also suggest that hemiarthroplasties
are perhaps a better prosthesis type for growing children.

The final 2 abstracts that I will highlight from this meeting
are the results of an ongoing and productive collaboration

FIGURE 7. First-in-human 8F-fluorodeoxy-
sorbitol PET imaging, showing normal up-
take and excretion of the tracer through the
urinary system over a time period of 0–30 min
after injection. This tracer may provide a more
detailed evaluation of renal urodynamics than
standard tracers and could facilitate absolute
quantitation that is currently not achievable
with planar and SPECT renal agents.

FIGURE 8. 3D-quantitated lung perfusion 99mTc-MAA SPECT/
CT and intended patient management in lung cancer. The au-
thors compared the 2D projection method and their 3D quanti-
tative method in assessing the lobar contribution to total lung
perfusion and resulting management decisions. In this patient,
the planar anterior/posterior (2D) method (left) resulted in 21%
lobar perfusion, indicating high risk status and pointing to non-
operable status. With the 3D quantitative method (right), lobar
perfusion was 16%, and the patient was considered to be oper-
able. 3D quantification had a major impact on intended surgical
management in 14% of patients in the study.
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between researchers at Boston Children’s Hospital (MA),
Brigham and Women’s Hospital (Boston, MA), Johns Hopkins
University (Baltimore, MD), and the University of Florida
(Gainesville). These studies include complex physics, pharma-
codynamic, dosimetric, and modeling work, with results that
may directly impact pediatric practice in nuclear medicine.
In particular, the consortium sought to provide evidence that
can harmonize European Association of Nuclear Medicine/
North American Pediatric Dosing guidelines to ensure
consistency––meaning that a pediatric patient undergoing a
nuclear medicine scan in Anaheim will get the same adminis-
tered activity as a child undergoing the same scan in Bar-
celona. Conventional practice guidelines offer consistency but
are based on expert opinion and may not be optimal. Optimal
dosing is, of course, the lowest administered activity to achieve
good image quality so that we can make a reliable diagnosis.

Plyku et al. went beyond consensus guidelines in their
presentation ‘‘Determination of renal 99mTc-DMSA phar-
macokinetics in pediatric patients: Implications for current
dosing guidelines in pediatric imaging’’ [153]. They gathered
longitudinal data on pediatric renal uptake of 99mTc-DMSA
by supplementing the clinically acquired planar 1 SPECT
imaging data with images acquired earlier or later, so that
each patient was imaged no more than twice. This valuable
preliminary pharmacokinetic data set was extended at the
University of Florida, where Li et al. made phantoms and
performed pharmacokinetic modeling. In ‘‘Patient girth is
better than weight for selecting administered activity in renal
pediatric imaging’’ [154], it was found that girth-based

adjustments to the administered activity yielded more consis-
tent image quality across pediatric patients than weight-based
adjustments. A tall and thin patient might need a different
administered activity from that required in a short and stout
patient. These authors concluded that simulated activities enabled
them to acquire previously unavailable pediatric pharmaco-
kinetic data with accurate dosimetry to yield techniques that
could lead to truly optimal dosing for children and that could
inform future guidelines.

Conclusions

The themes covered in this lecture were diagnostic dilemmas,
development, outcomes, and pediatrics in general nuclear
medicine. We have seen only a few examples of the outstanding
and informative work presented at this meeting. On a personal
note, the past 2 years of the Highlight Lectures have been the
first of these sessions that I have attended in person—and I
have really enjoyed them. For several years, I had the honor
at Johns Hopkins of seeing the annual preview of these high-
lights lectures as presented by Henry N. Wagner, Jr., MD. So,
it is a genuine privilege and honor to carry on this tradition
with this highlight lecture.

FIGURE 10. 99mTc-MDP bone scintigraphy and epiphyseal
uptake for tibial growth potential in endoprostheses after ma-
lignant bone tumors. A positive correlation was noted between
tibial epiphyseal 99mTc-MDP uptake and growth velocity in the
tibia. Upper row (left to right): 99mTc-MDP bone imaging acquired
postoperatively, radiograph acquired postoperatively, and ra-
diograph acquired at 2-y follow-up in a patient with hemiarthro-
plasty. Tibial growth rates were equal. Bottom row: Corresponding
images in a child with an adult-type rotation-hinged prosthesis.
Decreased uptake was seen postoperatively in the tibial growth
plate, with limb length discrepancy at 2-y follow-up. Evaluation
of proximal tibial growth plate on 99mTc-MDP bone scintigraphy
early on after endoprosthetic reconstruction surgery may both
predict long-term limb length discrepancy and enable interventions.

FIGURE 9. 99mTc-MDP bone scintigraphy and epiphyseal up-
take for tibial growth potential in endoprostheses after malignant
bone tumors. Images were acquired in (left to right) hemiarthro-
plasty, simple-hinged endoprostheses, and adult-type rotation-
hinged prostheses, with normal 99mTc-MDP uptake maintained
in 66%, 5.6%, and 0%, respectively.
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