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From the Newsline Editor: The Highlights Lecture, pre-
sented at the closing session of each SNMMI Annual Meeting,
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 nuclear and
molecular medicine subject matter experts. Each year News-
line publishes these lectures and selected images. The 2020
Highlights Lectures were delivered on July 14 as part of the
SNMMI Virtual Annual Meeting. In this issue we feature the
first part of the lecture by Andrew M. Scott, MD, Director,
Department of Molecular Imaging and Therapy, and Head,
Tumour Targeting Laboratory, Olivia Newton-John Cancer
Research Institute, Austin Health (Melbourne, Australia),
who spoke on oncology highlights from the meeting. Part 2
will appear in the January 2021 issue of Newsline. Note that
in the following presentation summary, numerals in brackets
represent abstract numbers as published in The Journal of
Nuclear Medicine (2020;61[suppl 1]).

I
t is a privilege to be able to present the oncology and
therapy highlights from this year’s SNMMI meeting,
where a total of 509 abstracts focused on oncology topics,

constituting 46% of all abstracts presented. The tracks in
which these were offered covered broad areas, including On-
cology: Clinical Therapy and Diagnosis (272); Oncology, Ba-
sic and Translational (102); Molecular Targeting Probes
(72); Physics, Instrumentation, and Data Analysis (54);
and General Clinical Specialties (9), with none in the Cardi-
ology or Neuroscience tracks. These abstracts were submitted
from a total of 34 countries, led by the United States (136),
China (124), India (35), Germany (33), Japan (26), and Can-
ada (16). It was challenging to go through all these abstracts
and select those for highlighting in this summary review. I
apologize to those colleagues whose excellent research and
reporting I was unable to include because of time constraints.

Within this highlights talk, I will touch on several themes:
novel molecular imaging probes; immuno-oncology, which
remains an important focus of therapy in the oncology field;
molecular imaging in treatment response assessment; imaging
theranostics in prostate cancer, an area that has emerged as
one of the most important for both diagnostic and therapy
research; and novel therapeutics and clinical trials.

Novel Molecular Imaging Probes

Zhang et al. from Peking Union Medical College Hospital/
Chinese Academy of Medical Sciences (Beijing, China), the
Zentralklinik Bad Berka (Germany), Beijing Tiantan Hospital
(China), and the National Institute of Biomedical Imaging and

Bioengineering (Bethesda, MD) re-
ported on ‘‘First-in-human study of
a 64Cu-labeled long-acting integrin
avb3 targeting molecule 64Cu-NOTA-
EB-RGD in healthy volunteers and
glioblastoma multiforme patients’’
[349]. They reported on the use of
this novel imaging probe against
avb3 in 3 healthy volunteers and 2
patients with recurrent glioblastoma.
The images in Figure 1 illustrate over
a 24-hour period the cumulative up-
take and exquisite sensitivity and distribution of this molecule
within the large area of glioblastoma in the right frontal lobe.
The authors evaluated the quantitative results based on SUV in
tumor compared to background and saw very high levels,
confirming what was seen on the images and also in patients
for whom pathology was available to assess integrin avb3

levels. The results indicated the safety and favorable pharma-
cokinetic and dosimetry profiles for this new type of PET tracer.
This study highlights the ability to image avb3 with a PET
probe. We look forward to future studies in larger cohorts of
patients as this probe is explored for its potential to identify
a target that can also be exploited therapeutically.

Last year’s Image of the Year at the SNMMI meeting
related to imaging of fibroblast-activation protein expressed
by cancer-associated fibroblasts in tumors. Chen et al. from
the First Affiliated Hospital of Xiamen University (China)
and the National Institutes of Health (Bethesda, MD) re-
ported on ‘‘Comparison of 68Ga-FAPI [fibroblast activation
protein inhibitor] and 18F-FDG PET/CT for detection, stag-
ing, and restaging of various kinds of cancer’’ [625] in 75
patients. Figure 2 (top) includes examples of a range of
different tumor types imaged with 68Ga-FAPI and 18F-FDG
PET, with the breast cancer example showing an especially
marked increase in the number of sites of disease detected by
the novel 68Ga-labeled tracer. For the 75 patients evaluated,
68Ga-FAPI PET had better sensitivity than 18F-FDG PET for
detection of lymph nodes (86.4% and 45.5%, respectively), a
comparison that held for bone and visceral disease as well
(83.8% and 53.5%, respectively). In the images on the bottom
in Figure 2, 68Ga-FAPI PET clearly demonstrated uptake in a
high-grade glioma. This study is one of the first to show the
difference between imaging of the tumor microenvironment
and imaging of glucose metabolism in tumors. We look
forward to additional research exploring this further in
multicenter studies to elucidate the potential for 68Ga-FAPI in
identifying sites of disease and monitoring response to
treatment.

Andrew M. Scott, MD
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In pancreatic ductal adenocarcinoma, the CCL2–CCR2
chemokine axis is used to recruit tumor-associated macro-

phages, which contribute to an immunosuppressive tumor

microenvironment. Zhang et al. from the Mallinckrodt Insti-

tute of Radiology/Washington University School of Medicine

(St. Louis, MO) reported on ‘‘PET imaging of CCR2 in pan-
creatic ductal adenocarcinoma’’ [405]. These researchers used
a 64Cu-DOTA-ECL1i peptide probe with which they have pre-
viously shown data in cardiac disease, as noted by Dr. Sadeghi
in the Cardiovascular Highlights lecture. In this particular
project they looked in a KPPC transgenic mouse model of
inducible pancreatic cancer at the ability to image CCR2
expression (Fig. 3) and compared this with imaging in wild-
type mice or where blocking was performed to prevent
uptake from being visualized. In an example image with
this probe in a patient with pancreatic cancer, CCR2 expres-
sion was seen within the pancreatic cancer. Stable tumor uptake
was seen in patients with pancreatic ductal adenocarcinoma
before and after chemotherapy. This was verified by histol-
ogy and in immunohistochemistry images, where high
CCR2 expression showed coexpression with CD68 macro-
phages. Therapeutics targeting CCR2 are currently in de-
velopment, making this novel probe important as a way to
image the presence of this receptor in patients who will
ultimately receive such therapies.

Immuno-oncology Therapies

Immuno-oncology therapies have emerged as one of the
most important and promising treatment modalities for
cancer. Over the last 12 months there have been approvals
of immuno-oncology drugs in non–small cell lung, small
cell lung, head and neck, hepatocellular, skin, bladder, breast,
esophageal, and uterine cancers. In June, we saw approval for
first-line use in microsatellite instability–high or DNA mis-
match repair–deficient colon cancer. Imaging of immune re-
sponse and the tumor microenvironment provides important
information that will assist with prognosis, prediction of

response, and resistance to therapy. The 2020 American So-
ciety of Clinical Oncology (ASCO) clinical research priorities
include identification of strategies that predict response and
resistance to immunotherapies. In nuclear medicine we can
play an important role in identifying novel probes that assist
with drug development and also in appropriate selection of
patients suitable for treatment as part of routine care.

18F-FDG PET is used in patients who are undergoing
immunotherapy, and immune checkpoint inhibitors are
known for their induction of substantial toxicity. Iravani
et al. from the Peter MacCallum Cancer Centre (Mel-
bourne, Australia) reported on ‘‘FDG PET in the evaluation
of immune-related hypophysitis and thyroiditis following
combination ipilimumab and nivolumab in advanced mel-
anoma’’ [482]. Hypophysitis is a challenging diagnosis be-
cause of the high incidence of uninterpretable biochemical
assessment (due to concurrent corticosteroids) and nonspe-
cific clinical presentation, both of which may contribute to
underestimation of incidence. In a cohort of 162 patients of
whom 133 had assessable PET and had received both ipi-
limumab and nivolumab, 31% were found to have increased
uptake within the hypophysis region, which was subse-
quently identified through clinical as well as imaging fol-
low-up to be related to abnormal hypophyseal function
(Fig. 4). The group looked at interobserver variability and
found that positive and negative predictive values were
high, and with very good interobserver agreement. They
also looked at thyroiditis, where the positive predictive
value for subsequent biochemical abnormality was 97%.
The authors concluded that 18F-FDG PET detects transient
increases in tracer uptake in the pituitary and thyroid gland
following combined ipilimumab/nivolumab therapy, ‘‘which
appears to be highly predictive of the development of these
endocrinopathies, therefore prompting more stringent
monitoring.’’ They emphasized the importance of a multi-
modality approach in the timely diagnosis of immune-related
endocrinopathies.

FIGURE 1. 64Cu-labeled long-acting
integrin αvβ3–targeting molecule 64Cu-
NOTA-EB-RGD in a patient with glioblas-
toma multiforme. Top row (left to right):
64Cu-NOTA-EB-RGD PET/CT acquired at
1, 8, 12, and 24 hours after injection. Bottom
row (left to right): T1-weighted MR, T2-
weighted MR, T1-weighted MR with con-
trast, and MR 1 64Cu-NOTA-EB-RGD PET/
CT acquired at 24 hours after injection.
Images show cumulative uptake and ex-
quisite sensitivity and distribution of this
molecule within the large area of glioblas-
toma in the right frontal lobe and highlight
the ability to image αvβ3.
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Ferreira et al. from the Massachusetts General Hospital
(Boston) reported on ‘‘Noninvasive detection of immunotherapy-

induced adverse events’’ [4]. They used an elegant model to

image not only immune activation but the actual T-cell

activation that occurs in response to immunotherapy. In a

Foxp3-GFP-DTR mouse model with syngeneic MC38 tu-

mors they looked at a granzyme-B 68Ga probe in animals

treated with either phosphate-buffered saline or diphtheria

toxin. Diphtheria toxin in this mouse model can substan-

tially deplete T-reg cells. They then performed studies to

determine whether the addition of anti-PD1 1 anti-CTLA4

or anti-CD137 (important immune checkpoints) antibody
treatment in conjunction with diphtheria toxin could induce
visualization of immune activation (Fig. 5). Increased tracer
uptake was seen within the liver, spleen, kidney, and bowel
in these models and was reduced following dexametha-
sone administration. Immunofluorescent and immunohisto-
chemical studies of colon tissue from the mice clearly
showed granzyme-B expression in both cohorts treated
with the immune checkpoint inhibitors. Analysis of kid-
ney tissue samples from patients with nephritis who had
been treated with immune checkpoint inhibitors showed
not only upregulation of CD3 T-cell infiltrates but also
granzyme-B expression in all samples tested. This gran-
zyme-B 68Ga imaging probe therefore has the potential to
image the activated T-cells that occur within normal tis-
sues as well as in tumors, and therefore may assist with
prediction of potential toxicity in patients receiving im-
munotherapy.

Maresca et al. from Pfizer, Inc. (Cambridge, MA),
Invicro (Sharon, MA), Memorial Sloan Kettering Cancer
Center (New York, NY), and ImaginAb Inc. (Inglewood, CA)
reported on ‘‘Preclinical evaluation of 89Zr-Df-IAB22M2C
PET as a potential imaging biomarker in targeted immuno-
therapeutic drug development of a GUCY2C-CD3 bispecific
antibody PF-070621194’’ [408]. This study was performed in
an LS1034 colon cancer model in mice, where adoptive trans-
fer of activated T-cells was administered 1 day after treatment
with this bispecific antibody. Figure 6 illustrates imaging of
activated T-cells with the zirconium-labeled CD8-imaging
PET probe in control (left) and treated animals (right),
demonstrating that this bispecific antibody, which in-
creases immune activation in the tumor, was associated
with trafficking of CD8 cells into the tumor. Immunohis-
tochemistry analysis of CD81 cells confirmed higher
CD8 cells in tumor in a bispecific treated mouse compared
to controls. This indicates that imaging of CD8-activated
T-cells can be an important way to assess the therapeutic
efficacy of immunotherapy aimed at increasing tumor-
infiltrating T-cells. The authors concluded that their
89Zr-Df-IAB22M2C PET agent ‘‘shows potential as an
imaging biomarker for immune activation measurement
to assess the proof-of-mechanism for potential future
clinical application in the assessment of CD8 T-cell re-
cruitment.’’ I congratulate the authors on this important
study.

Nobashi et al. from Stanford University School of
Medicine/Stanford University (CA) reported results of an
elegant study on ‘‘Imaging-activated immune response fol-
lowing therapeutic vaccination in an orthotopic glioma
model with 89Zr-DFO-OX40 monoclonal antibody PET’’
[2]. They used syngeneic GL261 cells injected into the
brains of mice in this model to look at the ability of an
OX40 antibody labeled with 89Zr to image activated CD41
T-cells. They also looked at vaccination, where they used a
combination of an adjuvant CpG in conjunction with
GL261 cells and OX40 monoclonal antibody to determine

FIGURE 2. Comparison of 68Ga-FAPI and 18F-FDG PET/CT
for detection, staging, and restaging of cancer. Top block: Ex-
ample images with 18F-FDG (left in each pair) and 68Ga-FAPI
(right in each pair) in patients with (clockwise from upper left):
nasopharyngeal, gastric, ovarian, and breast cancers. Bottom
block: 68Ga-FAPI PET (bottom row) more clearly demonstrated
a high-grade glioma and illustrated the difference between im-
aging of tumor marker environment and imaging of glucose me-
tabolism with 18F-labeled tracers.
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whether they could reduce the size of the tumor and use
PET/CT to evaluate the associated impact on distribution of
OX40 expression. On the right in Figure 7 is a control
mouse, where the glioma is present in the brain and
OX40 imaging shows only distribution within blood pool
and (to some degree) catabolism in liver and spleen. How-
ever, in the vaccinated mice (left) with an increased CD4 T-
cell presence both in vaccinated and tumor-draining lymph
nodes, the researchers were able to clearly visualize activa-
tion of the immune system and trafficking of CD4 cells.
This is a very important observation, because it highlights
the fact that the intrinsic components of the immune system
can be imaged with PET to dynamically guide assessment
of immune response to new immunotherapy approaches,
including vaccine strategies targeting glioma.

Molecular Imaging in Treatment
Response Assessment

We know that different tumor types have varying
pathologic and metabolic responses to treatment, and that

we can use nuclear medicine imaging studies to assess

response in a systematic and accurate way. We also know

that different treatment approaches have different response

characteristics. This is exemplified in the study by Tatsumi

et al. from Osaka University Graduate School of Medicine

and JAPAN Suita (both in Osaka, Japan), who reported on

‘‘Prediction of chemotherapeutic response with volumetric

parameters or texture features on FDG PET in recurrent

gynecological malignancies’’ [355]. They explored whether

volumetric parameters (metabolic tumor volume and total
lesion glycolysis) or texture features on baseline 18F-FDG
PET were useful in predicting treatment response after 1
cycle of chemotherapy in 25 patients. They found that en-
tropy (a texture feature) as assessed at baseline was pre-
dictive of response after the first chemotherapy cycle (Fig.
8). Volumetric parameters, however, were more useful than
texture features in predicting final treatment response. This
is an interesting study, because it illustrates how texture
features from 18F-FDG PET can be used in addition to
volumetric parameters to assist with identifying patients
who might respond better to treatment. This will be ex-
plored in additional studies and holds promise for a number
of other oncology indications.

Some years ago, as we were embarking on assessment
of patients receiving new cancer therapeutics, it became
clear that we would need to develop an improved way to
assess and compare 18F-FDG PET imaging results. The
PET Response Criteria in Solid Tumors (PERCIST) were

FIGURE 3. 64Cu-DOTA-ECL1i PET imaging of CCR2 in pancreatic ductal adenocarcinoma (PDA). Left block (left to right): Imaging
in wild-type mouse, a KPPC transgenic mouse model of inducible PDA, and with blocking. Right (top, left to right): CT, 64Cu-DOTA-
ECL1i PET, and 64Cu-DOTA-ECL1i PET/CT imaging in a patient with PDA, showing CCR2 expression within the pancreatic cancer.
Right (bottom): This was verified at histology (left) and in immunohistochemistry (right), where high CCR2 expression showed
coexpression with CD68 macrophages.

FIGURE 4. 18F-
FDGPET inevaluation
of immune-related
hypophysitis and thy-
roiditis following com-
bination ipilimumab
and nivolumab in
advancedmelanoma.
Example PET (top)
and PET/CT (bot-
tom) imaging shows
increased uptake
within the hypophy-
sis region, which was
subsequently identi-
fied in many pa-
tients to be related
to abnormal hypo-
physeal function.

34N THE JOURNAL OF NUCLEAR MEDICINE • Vol. 61 • No. 12 • December 2020

N
E
W

S
L
I
N

E



established by Richard Wahl, MD, and colleagues. At this
year’s SNMMI meeting, Mhlanga et al. (with Dr. Wahl as
senior author) from the Mallinckrodt Institute of Radiology/
Washington University in St. Louis (MO) reported on a
‘‘Systematic review of the utilization of PERCIST 1.0 met-
abolic response criteria in prospective clinical trials’’ [128].

They reviewed the literature and identified 73 prospective
trials in which PERCIST was utilized in a total of 2,807
patients. Only 56 of the studies reported survival data, with
38 of these (68%) reporting overall survival. Of these, PER-
CIST was reported to be predictive of overall survival in
71%. Twenty-eight of the 56 studies reported on progression-
free survival, for which PERCIST was predictive in 71.4%.
In no instance was a favorable response on PERCIST 1.0
(complete response, partial response, stable disease) associ-
ated with less favorable outcomes than progressive disease
on PERCIST 1.0. The ability to apply these types of criteria
in a consistent and standardized manner is essential if we are
to properly analyze this approach in future trials. The authors
concluded that ‘‘Prospective inclusion of the PERCIST 1.0
criteria in clinical trials using FDG, with baseline, early
monitoring, and end-of-therapy scans could inform cancer
clinical trials.’’ I agree and support the use of PERCIST in
a standardized manner at these timepoints to inform cancer
clinical trials moving forward.

Wang et al. from the University of California Davis
(Sacramento) and Imperial College London (UK) shared at
this meeting a number of reports on total-body PET using
the EXPLORER system. In one of these presentations, they
reported on ‘‘Total-body dynamic PET of metastatic cancer:
First patient results’’ [208]. They showed high-quality 18F-
FDG parametric images of metastatic cancer. Figure 9 is an
example of a patient with metastatic kidney cancer serially
imaged over a 1-h period. We are only at the beginning of
exploring the extraordinary potential of this very sophisti-
cated approach performing total-body kinetic modeling and
generating dynamic parametric data that can be used with a
variety of imaging probes in patients with cancer. We look
forward to seeing this applied with new tracers moving
forward and congratulate again this group on this transfor-
mative new technology.

Prostate Cancer: Imaging

Prostate cancer is an area that has been transformed
through nuclear medicine imaging and therapies, particu-
larly over the last 5 years. At this year’s SNMMI meeting
we saw again very impressive presentations from groups
from around the world looking at a range of imaging PET
probes. More important, we saw the results of large multi-
center trials exploring initial staging in high-risk disease,
staging following biochemical relapse, and management
impact. As we look at data from these and ongoing studies,
it is crucial to continue to consider competing modalities
(e.g., conventional imaging, multiparametric MR imaging)
for staging investigations in comparison to and in combi-
nation with PET studies. The increasing volume of clinical
results and health economic analyses should support more
regulatory and funding approvals in this area. I am de-
lighted to be able to present some highlights from the pros-
tate cancer imaging studies presented at the SNMMI meeting.

FIGURE 5. Noninvasive detection of immunotherapy-induced
adverse events. Top block: 68Ga-NOTA-GZP imaging in a
Foxp3-GFP-DTR mouse model with syngeneic MC38 tumors
treated with (left to right): phosphate-buffered saline, diphtheria
toxin, diphtheria toxin1 anti-CD137, diphtheria toxin1 anti-PD11
anti-CTLA4, and diphtheria toxin 1 anti-CD137 1 dexameth-
asone. Red outline indicates induction of adverse events. Middle
block: Stained kidney tissue samples (left to right: DAPI fluores-
cent, CD3, granzyme B, and 3-stain merge) from patients pre-
senting with checkpoint inhibitor–associated nephritis. Not only
upregulation of CD3 T-cell infiltrates but also granzyme-B expression
were found in all samples tested. Bottom block: Immunofluores-
cence (top) and H&E (bottom) analyses of tissue frommice treated
with (left to right) phosphate-buffered saline, diphtheria toxin 1
anti-CD137, diphtheria toxin1 anti-PD11 anti-CTLA4, and diphtheria
toxin 1 anti-CD1371 dexamethasone. Red staining by immunofluo-
rescence indicates granzyme B, demonstrating activation of T-cells
following treatment, which was reduced by dexamethasone.
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The first of these was a summary of results from the
CONDOR study, a large, prospective multicenter trial in the
United States and Canada. Rowe et al. from the Johns
Hopkins School of Medicine (Baltimore, MD), Yale
University School of Medicine (New Haven, CT), CHU
de Quebec/Laval University Quebec (Canada), Tower
Urology (Los Angeles, CA), the University of California
at San Francisco, City of Hope (Sierra Madre, CA),
Hospital of the University of Pennsylvania (Philadelphia),

University of Michigan (Ann Arbor), H. Lee Moffitt Cancer
Center and Research Institute (Tampa, FL), the University
of Wisconsin Madison, Stanford University (CA), Univer-
sity of Iowa Hospital (Iowa City), Progenics Pharmaceuti-
cals, Inc. (New York, NY), Memorial Sloan Kettering
Cancer Center (New York, NY), and Washington Univer-
sity School of Medicine (St. Louis, MO) reported on ‘‘Di-
agnostic performance of prostate-specific membrane
antigen (PSMA)–targeted 18F-DCFPyL PET/CT in men
with biochemically recurrent prostate cancer: Results from
the phase 3, multicenter CONDOR study’’ [38]. A total of
207 patients have been enrolled in the study and were re-
quired to have an increase in prostate-specific antigen
(PSA) levels after definitive prostate cancer therapy but
negative or equivocal imaging by standard workup, no on-
going systemic therapy, and no treatment with androgen
deprivation therapy in the 3 months prior to administration
of the PET tracer. The study used central blinded indepen-
dent readers to assess the results of the scans. They applied
a correct localization rate, which was defined by the FDA as
the percentage of patients with a 1-to-1 correspondence
between localization of at least 1 lesion identified by 18F-
DCFPyL PET/CT and a composite standard of truth, which
could be subsequent histopathology, conventional imaging,
or a post-treatment PSA change for irradiated lesions. They
found a correct localization rate of between 84.8% and 87%
for the 3 independent readers. This easily achieved the
primary endpoint of a lower limit of the 95% confidence
interval for the correct localization rate exceeding 20% for
2 of the 3 readers. This is an important and practice-changing
study, because it validates the excellent diagnostic perfor-
mance of 18F-DCFPyL in patients with biochemically re-
lapsed prostate cancer, even at low PSA values. Another
presentation on this trial was given at the ASCO meeting

FIGURE 6. 89Zr-
Df-IAB22M2C PET
as a potential im-
aging biomarker in
targeted immuno-
therapeutic drug
development of
GUCY2C-CD3 bis-
pecific antibody
PF-070621194. Zir-
conium-labeled CD8
PET/CT and corre-
sponding immuno-
histochemical analysis
in an LS1034 adop-
tive transfer colon
cancermodel showed
activated T-cells in
tumor (circle) in
antibody-treated
(right) but not iso-
type control-treated
(left) animals, dem-
onstrating that this
bispecific antibody
was associated with
trafficking of CD8
cells into the tumor.

FIGURE 7. 89Zr-DFO-OX40 monoclonal antibody PET imaging of immune response in an orthotopic glioma model (left 3 images)
at days 1, 2, and 5 following therapeutic vaccination and (right 3 images) at corresponding days in an unvaccinated control. 89Zr-
DFO-OX40 mAb PET visualized activation of the systemic immune responses triggered by therapeutic vaccination, highlighting the
translational potential of this approach to monitor T-cell activation in vaccine strategies targeting glioblastoma.
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in early June, where Morris et al. presented data on changes
in management resulting from 18F-DCFPyL PET/CT in the
study. Among evaluable patients, 63.9% had changes in
intended management, ranging from noncurative therapy to
salvage therapy (or vice versa) or observation to initiation of
therapy (or vice versa). I congratulate the authors of these
abstracts and all those involved with the CONDOR study.
We are delighted that it was presented at the SNMMI meet-
ing this year.

Another relevant and influential recent study not
presented at this SNMMI meeting was from Hofman et al.
from 10 sites in Australia and was published in The Lancet

(2020;395:1208–1216): ‘‘PSMA PET-CT in patients with
high-risk prostate cancer before curative-intent surgery
or radiotherapy (pro-PSMA): A prospective, randomized,
multicentre study.’’ Unlike other studies that have looked
at biochemical relapse of prostate cancer, this group fo-
cused on a patient population with untreated but biopsied
and proven prostate cancer who were at high risk (high
PSA values, Gleason grade group 3–5, or clinical stage
$T3). The study included 302 patients who were random-
ized to first-line imaging with either conventional CT and
bone scan or to 68GA-PSMA-11 PET/CT within 3 weeks
of randomization. All patients who were not found to have
multiple metastases were then crossed over to imaging
with the other modality. A total of 282 patients underwent
imaging with both approaches, with 6-month follow-up and
a composite standard of truth to assess accuracy. 68Ga-
PSMA-11 PET/CT was found to have significantly greater
accuracy than standard imaging with CT or bone scan (92%
and 65%, respectively; P , 0.001). A change in manage-
ment occurred in 28% of PSMA-imaged patients compared
to 15% of conventionally imaged patients. The authors con-
cluded that ‘‘PSMA PET-CT is a suitable replacement for
conventional imaging, providing superior accuracy, to the
combined findings of CT and bone scanning.’’ These findings
are practice changing and illustrate the role of nuclear med-
icine imaging in early-diagnosed, high-risk prostate cancer
patients. From initial diagnosis through the spectrum of pro-
gression of disease, imaging with nuclear medicine probes
plays a significant role in prostate cancer.

Ferdinandus et al. from University Hospital Essen
(Germany), the University of California Los Angeles, the
Technische Universität München (Germany), and the Uni-
versity of California San Francisco reported on the ‘‘Impact
of 68Ga-PSMA-11 PET on management of recurrent pros-
tate cancer in a prospective single-arm clinical trial’’ [43].
In this study of patients with biochemical recurrence, the
researchers found a 68% (260/382) change in intended
management, with 46% (176/382) considered major changes.
A total of at least 150 intended diagnostic tests were avoided,

FIGURE 8. 18F-
FDG PET volumet-
ric parameters and
texture features in
prediction of re-
sponse to chemo-
therapy in recurrent
gynecologic malig-
nancies. PET and
PET/CT imaging in
an example patient
with ovarian cancer
before treatment
(left: SUVmax 5 6.7;
metabol ic tumor
volume [MTV] 5 7.4;
entropy 5 4.3) and
after 1 cycle of che-
motherapy (right:
SUVmax 5 5.5; MTV
5 15.6). Entropy (a
texture feature) as
assessed at base-
line was predictive
of nonresponse after
the first chemother-
apy cycle. Changes

in volumetric parameters (MTV, total lesion glycolysis, and SUVmax)
assessed pre- and post-1 cycle of chemotherapy were useful in
predicting final treatment response.

FIGURE 9. Total-body dynamic para-
metric 18F-FDG PET images in a patient
with metastatic kidney cancer scanned
on the uEXPLORER at (left to right):
0.5–1, 1–2, 10–12, 30–35, and 55–60 min-
utes after injection.
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and the percentage of patients with unknown sites of disease
declined from 68% to 29%. The predominant management
changes were in line with the 68Ga-PSMA-11 PET stages:
changes toward active surveillance (47%) for unknown dis-
ease sites, toward local/focal therapy (56%) for locoregional
disease, and toward systemic therapy (69%M1a; 43% M1b/c)
for metastatic disease. These results clearly show the clinical
impact of PSMA PET imaging in prostate cancer patients with
biochemical relapse.

Another large multicenter study came from Metser
et al., from the University of Toronto, McMaster University
(Ancaster and Hamilton), Western University (London),
and Cancer Care Ontario (Toronto; all in Canada), who
reported on ‘‘Preliminary results of a prospective, multicen-
ter trial assessing the impact of 18F-DCFPyL PET/CT on
the management of patients with recurrent prostate cancer’’
[40]. Participants had suspected limited recurrent disease,
with biochemical failure and no or #4 sites of disease after
primary therapy. Of a total of 410 men, 261 (64%) had 18F-
DCFPyL PET/CT–detected lesions (Fig. 10 shows example
image). More than half of patients (56%) with negative con-
ventional imaging were found to have positive sites on PET/CT.
Even among men with lesions identified on conventional

imaging,.60% had new lesions identified on PET/CT, rang-
ing from local and regional disease to more distant metasta-
ses. Of note, post-PSMA imaging management changes were
reported in 341 of the 410 patients, with 66% of these de-
termined to be PET/CT directed. Long-term follow-up is
needed to evaluate the impact on disease control. It appears,
then, that whatever PSMA imaging probe is used in patient
populations with suspected recurrent disease and biochemi-
cal relapse, up to 2/3 will routinely have management
changes as a result of PET imaging.

One of the other interesting PSMA probes developed
over the last few years is PSMA-7. Rauscher et al. from the
Technische Universität München (Germany) and the Klini-
kum Rechts der Isar (Munich, Germany) reported on
‘‘Matched-pair comparison of 68Ga-PSMA-11 and 18F-
rhPSMA-7 PET/CT in patients with primary and biochem-
ical recurrent prostate cancer’’ [42]. This retrospective analysis
included 160 patients who had undergone 18F-rhPSMA-7
PET/CT and 160 patients who had undergone 68Ga-PSMA-
11 PET/CT. These were separate cohorts matched for pa-
tient characteristics rather than patients who underwent
both studies. The tumor positivity rate was found to be
consistently high for both tracers. A number of areas of
uptake for both tracers were reliably identified by trained
physicians as benign (e.g., ganglia, nonspecific lymph node
uptake, and even fibro-osseous lesions) (Fig. 11). Of inter-
est, the number of sites of benign uptake was much higher
with 18F-rhPSMA-7 than with 68Ga-PSMA-11, which the
authors speculate could be the result of the improved PET
resolution of 18F and therefore a characteristic common to
many novel 18F-labeled agents. Again, it is important to be
able to recognize patterns of normal tissue uptake when
interpreting PSMA PET scans.

Akintayo et al. from Emory University and the Rollins
School of Public Health (Atlanta, GA) reported on ‘‘18F-
fluciclovine PET/CT versus multiparametric MRI assess-
ment of seminal vesicle invasion and extracapsular extension
in patients with primary prostate cancer’’ [1243]. They
evaluated 35 newly diagnosed patients with prostate cancer
to assess seminal vesicle infiltration and extracapsular extension,

FIGURE 10. 18F-DCFPyL
PET/CT image in a patient
with suspected limited re-
current prostate cancer after
primary therapy. A new le-
sion was identified on 18F-
DCFPyL PET/CT that was
not seen on conventional
imaging.

FIGURE 11. Comparative imaging with
18F-rhPSMA-7 PET/CT and PET in cervi-
cal ganglia (left); 68Ga-PSMA-11 PET/CT
and CT in an unspecific axillary lymph
node (middle); and 18F-rhPSMA-7 PET/
CT and PET CT in a fibro-osseous lesion
(right) in patients with primary and bio-
chemical recurrence of prostate cancer.
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and compared 18F-fluciclovine PET/CT with multiparamet-
ric MR imaging, which is the standard usually employed by
surgeons and oncologists to assess local extension of pros-
tate cancer at original diagnosis. The authors found that
18F-fluciclovine PET had a higher sensitivity (68.8% vs
37.5%) but a lower specificity (57.9% vs. 87.5%) than mul-
tiparametric MR imaging for seminal vesicle infiltration;
these results held true for evaluation of extracapsular ex-
tension (48.3% vs 44.3% and 83.3% vs 100%, respectively)
(Fig. 12). They concluded that there does not appear to be a
significant difference between the ability of 18F-fluciclovine
PET/CT and multiparametric MR imaging in local staging
of prostate cancer in newly diagnosed patients with high-
risk prostate cancer. This was a challenging study to per-
form and provides important information that allows us to
more appropriately reconcile the relative roles of imaging
approaches in locally advanced prostate cancer at initial
diagnosis.

FIGURE 12. 18F-fluciclovine PET/CT versus multiparametric
MR imaging assessment of seminal vesicle invasion and extrac-
apsular extension in primary prostate cancer. Example image in
a 65-year-old man with primary prostate cancer (PSA 5 47.92
ng/mL, Gleason score 5 4.3). 18F-fluciclovine PET/CT (A)
showed abnormal uptake in right seminal vesicle suggestive
of invasion (blue arrow), whereas MR imaging (B) reported no
evidence of seminal vesicle invasion. Histology confirmed right
seminal vesicle invasion.

SNMMI Bylaws Committee Notice to the Membership

T
he SNMMI Bylaws Committee met in virtual video
session on October 13, 2020, and approved several pro-
posed amendments to the bylaws. In accordance with re-

quirements for amending the bylaws, the proposed amendments
are published herein. The amendments will be voted on by the
House of Delegates during its virtual meeting, which will co-
incide with the SNMMI Mid-Winter Meeting in January 2021.

The amendments fall into 2 groups. The first would modify
the election of Directors-at-Large to the Board of Directors.
The SNMMI Task Force on Diversity, Equity, and Inclusion
has recommended that a pathway be developed that would
allow candidates for Director-at-Large positions to be selected
from among qualified members in the general membership.
This option would provide a pathway for members of
underrepresented groups (as defined by the Association of
American Medical Colleges) to enter SNMMI leadership

without being members of the House of Delegates. (Voting
members of the House comprise delegates from Chapters,
Councils, Centers, and the Technologist Section, as well as the
SNMMI Historian.) At present the House of Delegates elects 4
Directors-at-Large from among its membership (excluding
Technologist delegates). The proposed amendments provide
for election of 2 Directors from among the full members of the
Society and 2 Directors from among members of the
House. The election of 3 Directors-at-Large by the Tech-
nologist Section is not changed by these amendments.

The second group of amendments includes housekeep-
ing items that correct minor inconsistencies or errors and
provide more consistent wording.

Submitted on behalf of the Bylaws Committee by:
James M. Woolfenden, MD

Chair

Proposed Amendments to the SNMMI Bylaws

ARTICLE III MEMBERSHIP; Section 3: DISCIPLINE

B. The Committee on Ethics shall review, either on its own initiative or on written and signed complaint, any case in which the circumstances in
Sections 3:A or 4:A may lead to potential discipline and shall forward to the House of Delegates any recommendation on possible action.
Such review shall afford the accused member an opportunity for a hearing.

ARTICLE VII HOUSE OF DELEGATES; Section 2: RESPONSIBILITIES

A. To develop and recommend to the Board of Directors, Society policies and programs regarding professional issues affecting
nuclear medicine and molecular imaging.

B. To elect the seven (7) two (2) Directors-at-Large, the majority of the voting members of the Board of Directors.
C. To approve amendments to the Bylaws in accordance with the Bylaws and Procedures.

(Continued on page 40N)
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D. To approve establishment, suspension, renewal and dissolution of chapters and councils.
E. To review the strategic plan annually.
F. To oversee and monitor the work of the committees of the House of Delegates.
G. To elect the Vice-Speaker of the House (who ascends to speaker), and the Historian.
H. To elect the members-at-large of the Committee on Nominations.
I. To elect the members of the Audit Committee.
J. To approve the selection of the Editor of The Journal of Nuclear Medicine.

ARTICLE VIII ELECTIONS; Section 2: COMMITTEE ON NOMINATIONS

A. The Committee on Nominations shall consist of a Chair plus six additional members. The House of Delegates at the Annual Meeting
shall elect the members of the committee, except the Chair, from among those who will continue to serve as voting members in the
House the following year.

B. The Committee on Nominations shall be chaired by the Past President–once-removed, who shall vote only in the case of a tie vote on
the committee. If the Past President–once-removed is not able to serve, the next more senior available Past President shall chair the
committee.

C. The term of the Committee on Nominations shall commence at the conclusion of the Annual Meeting at which it is elected and shall
terminate at the conclusion of the next Annual Meeting.

D.The Committee on Nominations will solicit, verify, and submit to the membership a slate of candidates for Society Officers and two
(2) Directors-at-Large.

E. The Committee on Nominations shall solicit, verify, and submit to the House of Delegates a slate of candidates for Vice-Speaker of
the House, Historian, and two (2) Directors-at-Large (other than Directors-at-Large chosen by the Technologist Section).

ARTICLE X BOARD OF DIRECTORS; Section 3: COMPOSITION

The Board of Directors shall be composed of fifteen (15) voting members and six (6) non-voting members.

A. Voting Members

1. Society Officers: President, Vice President, Vice President-Elect, and the Secretary/Treasurer. The President shall serve as Chair of

the Board of Directors.

2. Immediate Past President

3. President of the Technologist Section

4. Immediate Past President of the Technologist Section

5. Speaker of the House of Delegates

6. Seven (7) Directors-at-Large

a) Directors-at-Large shall serve for a three (3)-year term, which shall commence at the conclusion of the Annual Meeting at which
they are elected and which shall terminate at the conclusion of the third subsequent Annual Meeting following the election.

A Director-at-Large chosen by the Technologist Section may serve for a term of less than three years at the discretion of
the Technologist Section. Directors-at-Large may serve no more than two (2) consecutive terms, following which at least three

years must elapse before service as a Director-at-Large is again permitted.
b)Candidates for Director-at-Large must have been a member of the Society for at least three (3) years to be eligible to serve on the

Board of Directors.
c) Four (4) Two (2) Directors-at-Large shall be elected by the House of Delegates from among the voting Delegates of the House.

d) Two (2) Directors-at-Large shall be elected from among the Full members who are not House members or
Technologist Section members.

e) Three (3) Directors-at-Large shall be elected by the Technologist Section from among the eight (8) Technologist Section
Delegates of the House in accordance with procedures established by the Technologist Section.

40N THE JOURNAL OF NUCLEAR MEDICINE • Vol. 61 • No. 12 • December 2020

N
E
W

S
L
I
N

E



ABNM: New Requirements for Radiotherapy

George Segall, MD, ABNM Executive Director, and Leonie Gordon, MBChB, ABNM Associate Executive Director

T
he era of unsealed radionuclide therapy began in 1941
with the treatment of hyperthyroidism with sodium
131I. Radionuclide therapy has been an important part

of nuclear medicine practice since the founding of the Amer-
ican Board of Nuclear Medicine (ABNM) in 1971 and cur-
rently accounts for an average of 8% of ABNM diplomate
practice hours. The ABNM periodically reevaluates radionu-
clide therapy requirements for initial certification. There has
been an evolution of practice since the requirements were
last changed in 2014, resulting in fewer radioiodine therapies
for benign and malignant thyroid disorders and more par-
enteral therapies. The ABNM is, therefore, proposing to
change the requirements, as summarized in Table 1.

In August of this year, the ABNM asked nuclear medicine
training program directors for feedback on the proposal and
received responses from the directors of all 38 Accredita-
tion Council for Graduate Medical Education–accredited
programs. Fifty-three percent supported the proposal in its
entirety, and another 34% supported the proposal with res-
ervations. One reservation was the concern that radioiodine
therapies accounted for the majority of therapies at some
hospitals and that lowering the minimum number of required
therapies would lower standards of competency. Another
reservation addressed training with at least 2 different ap-
proved FDG radiopharmaceuticals, given the limited num-
ber of U.S. Food and Drug Administration (FDA)–approved
parenteral therapies used in routine practice at this time.

Four directors (10%) did not support the proposal,
citing challenges in providing training opportunities for
parenteral therapy resulting from the cost of the agents,
limited or noncoverage by medical insurance companies,
limited number of FDA-approved radiopharmaceuticals

actually used in practice, treatment
being performed at dedicated cancer
centers, and treatment being performed
in radiation oncology rather than
nuclear medicine departments.

Suggestions regarding radioiodine
therapies included raising the pro-
posed minimum number above 10
(5 for benign plus 5 for malignant
thyroid conditions), but a recent
SNMMI survey of nuclear medi-
cine program directors indicated
that several programs were unable
to meet current requirements for a
minimum number of 20 radioiodine
therapies (10 for benign plus 10 for
malignant thyroid conditions). Sug-
gestions regarding parenteral thera-
pies included giving credit for
90Y-microsphere ablation of liver tu-
mors, but the Nuclear Regulatory
Commission considers this treatment
a form of manual brachytherapy,
which is regulated under 10 CFR
35.1000, whereas other parenteral
radiopharmaceuticals are considered
to be drugs, regulated under 10 CFR 35.396. Another sug-
gestion was to require 10 parenteral therapies with a min-
imum of 1 FDA-approved radiopharmaceutical (rather
than 2) or not to change the requirements until the FDA
approves more agents. A summary of the feedback received
from nuclear medicine program directors, with ABNM re-
sponses, is available at http://ow.ly/WeDV30rgwvv.

Based on the feedback, the ABNM has decided that
candidates for initial certification in 2021 and 2022 can
fulfill the requirements by using the current criteria in effect
since 2014 or by using the new criteria. The ABNM will
require all candidates to submit a training record that in-
cludes dates of treatments, names of treating facilities, ra-
diopharmaceuticals, and administered doses. Based on this
information and the state of practice in 2022, the ABNM
will reevaluate requirements for radionuclide therapy. The
ABNM believes that the new criteria will improve resident
training, give nuclear medicine program directors more
flexibility in meeting ABNM requirements, and maintain
high standards for the specialty.

TABLE 1
ABNM Requirements. Radionuclide Therapy: Current and

Proposed

Therapy Current Proposed

131I # 33 mCi (benign) 10–15 51

131I . 33 mCi (malignant) 10–15 51

Parenteral 5 101*

Total therapies 35 35

*At least 2 different FDA-approved radiopharmaceuticals,

excluding 90Y microspheres.

George M. Segall, MD

LeonieGordon,MBChB
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S N M M I L E A D E R S H I P U P D A T E

A Year to Remember

Virginia Pappas, CAE, SNMMI CEO

F
or most of 2020, COVID-19 has dominated almost every
part of our daily lives. Although the pandemic has impacted
SNMMI in many ways this past year, I am pleased to share

that we are weathering the COVID-19 storm quite well. Staff
continue to work remotely and are safe and 100% operational.

SNMMI quickly responded to the COVID-19 pandemic in
March. SNMMI’s leaders took swift action to preserve our in-
vestment portfolio, improve our operating liquidity, and adjust
business operations to minimize any negative effects of the crisis.
SNMMI and the SNMMI Technologist Section (SNMMI-TS)
convened COVID task forces, which met regularly to keep tabs
on how the field of nuclear medicine was affected and created
resources to help members, including articles, webinars, and a
forum on SNMMI CONNECT. SNMMI’s COVID Resource
Center was developed to consolidate important information and
updates for members. The Annual Meeting was successfully tran-
sitioned to a virtual meeting, which ultimately attracted more than
9,000 participants. By rolling over funds paid to the 2021 Annual
Meeting, SNMMI experienced far fewer refund requests than
anticipated and was able to maintain a positive cash position.

Despite the pandemic, SNMMI’s membership increased in
2020—up 3% from 2019—and we were able to expand our
member benefits in several areas. Free registration was offered
to members for the virtual Annual Meeting in consideration of
hardships imposed by the pandemic. We significantly expanded
our virtual education offerings, presenting more than 75 webinars
free of charge to members, and debuted a new online Learning
Center with improved navigation and enhanced organization.
In addition, we launched an automated, cloud-based Phantom
Analysis Toolkit—also free to SNMMI members—that pro-
vides rapid, reliable, and reproducible data for the 4 most com-
mon PET phantoms used in clinical trials and clinical practice.

Through the hard work of the Value Initiative domain
chairs and vice chairs, the goals of each domain have been
accomplished. Some of these achievements are mentioned
in the summary below. I would like to personally thank all
of the members of SNMMI’s Value Initiative Industry Alliance.
They have continued to provide invaluable support through the
year for critical programs and strategic initiatives.

Research and discovery continued to flourish in 2020.
Given the remarkable progress in the field, leaders from the
domain and SNMMI’s councils identified 5 broad areas of
opportunity with potential for substantive growth and clinical
impact—constituting a ‘‘Mars Shot’’ for molecular imaging
and radiopharmaceutical therapy—which will be published
in an article in the January issue of The Journal of Nuclear
Medicine (JNM). In addition, the society announced 5 new

‘‘Discovering MI’’ student research grants to attract advanced
science and medical students to conduct research in nuclear
medicine or molecular imaging.

Three new appropriate use criteria—on PET myocardial
perfusion imaging, prostate cancer imaging, and evaluation
and treatment of differentiated thyroid cancer—were approved
in 2020 and published in JNM. The society furthered many
advocacy efforts for nuclear medicine and molecular imaging
and held successful town hall meetings with the Food and
Drug Administration and the Nuclear Regulatory Commission.

To continue its outreach to the medical community,
SNMMI held webinars for referring physicians on cardiac
nuclear medicine and prostate cancer diagnosis. A virtual
patient education day offered sessions on prostate cancer,
neuroendocrine tumors, and thyroid cancer. SNMMI also
spearheaded the #ReturnToCare coalition, a group of patient
advocacy organizations and medical societies working to
encourage patients to talk to their doctors about scheduling
missed or delayed exams, including imaging, as appropriate.

SNMMI’s journals have seen significant changes in 2020.
JNMmoves to early digital release this month, with each issue
releasing in digital format a month before print, reducing time
to publication. SNMMI’s journal websites were upgraded with
a new design and a more powerful interface and search, and login
information will for the first time be synchronized with the
SNMMI website. In addition, JNM has added graphical abstracts.

The society had several reasons for special celebration
this year. The SNMMI-TS marked its 50th anniversary in
2020, with special activities and a supplement of the Journal
of Nuclear Medicine Technology commemorating its accom-
plishments. JNM, which celebrated its 60th anniversary this
year, achieved its highest impact factor ever (7.887), ranking
fourth among all medical imaging journals worldwide. A
JNM anniversary supplement this month features a collection
of the most influential articles from 6 decades.

Looking forward to 2021, SNMMI is actively working
on new programs, initiatives, and publications. Our Mid-Winter
Meeting and Annual Meetings will be packed with great
scientific information, continuing education opportunities,
and networking events. We will continue to work with our
coalition partners as we advocate for nuclear medicine and will
launch a new podcast series, as well as several new publications.

Thank you to the SNMMI leaders and membership who
stepped up this year to make it a successful one for the
organization. I am proud of the work we have accomplished
and look forward to continuing to advance the field of
nuclear medicine and molecular imaging.
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