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PROTOCOL - $100

How would a later acquisition start time most likely
affect the SUV value (all else unchanged) for a
mallg na nt |eSIOn? PET Quantification Parameters

A. Higher :

Height: B |ft|2.992 lin
Weight: [112 |ib[6.972 oz [ ™

B. Lower e f
Name: | |
C. No effect N e

Start time: 12:12:00 ]

Answer: A - Higher = —




Uptake Over Time

« Uptake in malignant lesions usually increases over time
(+19.18% +/- 9.58%; P < 0.001).

« Uptake in inflammatory/infectious lesions usually remains stable over
time. Examples are from radiation therapy (+1.16% +/- 7.23%; P > 0.05);
lesions of painful lower limb prostheses (+4.03% +/- 11.32%; P > 0.05).

« Uptake In benign lung nodules usually slightly decreases over time
(-6.3% +/- 8.1%; P < 0.05).

* An advantage of more delayed imaging -- increased sensitivity due to
continued clearance of background activity & continued FDG
accumulation in malignant lesions



SUV =35.55

54 min post injection 103 min post injection

Elderly male with known
malignant left lung nodule

=- [nflammation
-- Malignancy

Figure 1. Difference between malignant and inflammatory cells in FDG uptake-ima-

Time, min

ging time.







OCOL - $200

In general, the improved signal-to-noise ratio of time-of-
flight (TOF) PET scanners allows for which of the
following protocol or quality changes when compared to
non-TOF scanners?

A. wider imaging field-of-view

B. no need for scatter correction

C. shorter scan acquisition time

D. lesser radiation dose for the same administered

activity

Answer: C A




The imaging field of view depends on the diameter and
number of rings within the PET scanner. This will not
necessarily be affected just because TOF acquisition was being
performed.

Scatter events represent a high percentage of the detected
events in 3D and TOF imaging and, therefore, correction is
necessary.

Because the acquisition in TOF includes more useful information
for each coincidence event collected, the same image quality
can be generated using fewer detected events, allowing for
shorter imaging times for the same administered activity.
Absorbed dose in PET/CT is determined by the radiotracer,
administered activity and the CT dose. For the same radiotracer
and administered activity, therefore, the absorbed dose woulid
be the same for TOF and nonTOF PET/CT.




refers to the estimation/approximation
annihilation event along a specific line
the difference in the two emitted

es at the detector.

Real annihilation event

TOF principle

t

Ax = c A2
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Conventional PET Time-Of-Flight PET






OCOL - $300

Which of the following is a primary
difference between reconstruction of data from a 2D
versus a 3D PET acquisition?

Reconstruction takes longer for 3D due to the higher number of
randoms and coincidences

Use of oblique plane data in 3D mode decreases signal-to-noise
ratio

Randoms in 3D are more likely to contain true annihilation
location information

Dead time losses are not a concern in 3D resonstructions but
they are in 2D

Answer: A O



3D PET Reconstructions

Due to the increased number of events in the absence of septa,
3D acquisitions require more computing power and time for
reconstruction. This was one of the reasons why 3D imaging was
limited for (whole) body PET in early clinical use.

Because more events are captured (see above), more data is
available and signal-to-noise ratio is increased.

Randoms in 3D are no more likely to contain true location
data (as a percentage of random events) than in 2D mode.

With the increased number of events detected, 3D acquisitions

require correction for these randoms to the same extent,
if not more so, than 2D acquisitions




Coincidences in
D and 3D PET

Direct planes  Cross planes
| | Oblique planes

Detectors

« In 3D mode, 30- Sepe
40% of all events
are scatter, about

Transaxial

twice the
percentage of

events in 2D mode

2D PET Fully 3D PET
measurements measurements



https://www.people.vcu.edu/~mhcrosthwait/PETW/PETresolution.html




PROTOCOL - $400

FDG-PET/CT: All of the following can
increase brown fat uptake except:

A. Caffeine
B. Nicotine
C. Ephedrine

D. Reserpine.

Answer: D - Reserpine




18F-FDG — Brown Fat Uptake

« Caffeine can mildly increase brown fat uptake.

* Nicotine can increase brown fat uptake
significantly.

* Ephedrine can increase brown fat uptake.

* Reserpine has been shown to reduce brown fat
uptake up to about 30%.



)G — Brown Fat Uptake

Control

Propranolol m -

Reserpine

Diazepam |7 %%







OCOL - $500

The PET phantom is used to assess which
aspect of PET quality control?

A. Uniformity

B. Linearity

C. Color contrast
D. Constancy

Answer: A - Uniformity:



Uniformity & noise are evaluated qualitatively by inspection of
reconstructed tomographic sections from the phantom.

« Spatial resolution may be evaluated by identifying the smallest “cold”
rods in the phantom, but it is instead most frequently assessed using a
point source in air. It is not a component of the ACR tests required with
this phantom.

« Lesion detectability is determined from the “hot” cylinders using a ROI
specific ROI protocol (not explained here). The same protocol is used
for the “cold” cylinders.

« Constancy reflects the stability of the system and measurements of
system parameters over time. This is hot accomplished using a
phantom per se. “Constancy” is a term used mostly in SPECT, but for a
PET scanner it is assessed by routinely (monthly-annually) cross-
calibrating the scanner to the dose calibrator.






Which of the following is correct regarding
metformin & FDG uptake?

A. Increases FDG uptake in bowel
B. Downregulates GLUT transporters

C. Only accumulates in bowel wall & not in lumen
D. Has no effect on FDG bowel uptake

Answer: Increases FDG uptake in bowel



rm & FDG PET

« An oral antidiabetic drug

» Can cause diffuse increased large &
small bowel uptake complicating
interpretation & may cause FPs

» Upregulates GLUT transporters
Increasing FDG uptake

» Has greater accumulation in the bowel
lumen (and therefore, stool) compared
to bowel wall



& FDG PET

 Less bowel uptake if withheld for at least 48 hrs before FDG injection







REP - $200

Which of the following is correct regarding patient
preparation for 18F-FES-PET?

A. There is no need to assess pregnancy status.

B. A low carbohydrate diet is recommended for 24 hr
prior to the FES injection.

C. No prior breast lesion biopsy is required.

D. It is preferrable to image with FES prior to
starting systemic endocrine therapies that target ERs.

Answer: D — Preferred to Image before ER-targeting TXs O



» Assessment of pregnancy status in reproductive age females is
recommended.

» There are no dietary restrictions. Adequate oral hydration is
recommended.

* Image patients with FES prior to starting systemic endocrine therapies
that target ERs (ex: tamoxifen, fulvestrant).

* Do not use FES in lieu of BX when biopsy is indicated in pts with
recurrent or metastatic breast cancer.


https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/212155s000lbl.pdf




In pts undergoing F-18 NaF bone scanning for detection of
metastatic disease, which of the following elements of pt
preparation is most recommended?
A. Discontinuation of oral bisphosphonates for at least 5
half-lives prior to imaging
B. 2-4 hour pre-study fast
C. Hydration (at least 400 mL) prior to and during tracer
uptake

D. Use of methods of contraception with >299% efficacy

Answer: C — Hydration (at least 400 mL) prior to &
during tracer uptake



* Discontinuation of bisphosphonates is not routinely
recommended.

 Fasting Is not required for single photon or PET-based
bone scanning.

« Hydration, as well as frequent voiding before and after the
scan, is recommended for single photon and PET-based
bone scanning to limit the radiation dose to the bladder.

« Examinations producing radiation should be limited In
pregnant & nursing women. However, no recommendations
regarding contraception are currently in place for bone
scanning (note that breastmilk concentrations likely parallel
maternal blood concentrations of tracer). &%



in NaF Bone Scanning

TABLE 1
Radiation Dosimetry in Adults

Radiopharmaceutical Administered activity (MBq) Critical organ (bladder) Effective dose

#mTe-phosphates (intravenous) 500-1,110 0.047 (mGy/MBq) 0.0049 (mSv/MBaq)
34.8 (mGy/740 MBq) 3.6 (mSv/740 MBq)
52.2 (mGy/1,110 MBq) 5.4 (mSv/1,110 MBq)

Values for normal bone uptake and normal renal function are from Radiation Dose to Patients from Radiopharmaceuticals. London, U.K.:
ICRP; 1988:215. ICRP report 53. See also Weber DA, Makler PT Jr, Watson EE, Coffey JL, Thomas SR, London J. MIRD dose estimate
report no. 13: radiation absorbed dose from technetium-89m-labeled bone imaging agents. J Nucl Med. 1989;30:1117-1122.

TABLE 2
Radiation Dosimetry in Children (5 y old)

Radiopharmaceutical Administered activity (MBq) Critical organ (bladder) Effective dose

#mTe-phosphates (intravenous) 170-210 0.11 (mGy/MBq) 0.012 (mSv/MBa)
18.7 (mGy/740 MBq) 2.0 (mSv/740 MBq)
23.1 (mGy/1,110 MBq) 2.5 (mSv/1,110 MBq)

Values for normal bone uptake and normal renal function are from Radiation Dose to Patients from Radiopharmaceuticals. London, U.K.:
ICRP; 1988:215. ICRP report 53. See also Weber DA, Makler PT Jr, Watson EE, Coffey JL, Thomas SR, London J. MIRD dose estimate
report no. 13: radiation absorbed dose from technetium-89m-labeled bone imaging agents. J Nuc! Med. 1989:30:1117-1122.
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Which of the following is correctin preparing a pt
for an 18F-FDG PET/CT for seizures?

A. There is no need to avoid caffeine or alcohol before FDG
injection.

B. Sedatives do not need to be avoided beforehand.

C. There is no glucose level cutoff requirement when imaging
the brain with FDG.

D. Insulin can be administered to lower a hyperglycemic state.

Answer: Insulin can be utilized.



PET/CT for Seizures

 Caffeine & alcohol should be avoided prior to FDG injection as they can affect
cerebral glucose metabolism, the major energy source for the brain.

« Sedatives, amphetamines, cocaine, narcotics, antipsychotic medications, &
corticosteroids can alter cerebral metabolism.

« |If blood glucose is >150-200 mg/dL prior to FDG injection, the pt should be
rescheduled. Hyperglycemia can cause high circulating insulin levels to drive FDG
Into muscle & reduce uptake in the brain.

* In hyperglycemic pts, insulin can be administered. However, the administration
of FDG should be delayed following insulin (duration of delay dependent on type &
route of insulin administration. Correction of increased intracellular glucose levels
lags behind correction of plasma glucose level.
)






/2 year-old with Gleason 10 prostate
adenocarcinoma presents for a third
treatment with Lu-177-PSMA
(Pluvicto™). No prior serious adverse
reactions. Which of the following pre-
treatment evaluations would prompt a

reduction in the administered activity? =~ 9ccurng in >20%: fatigue,

nausea, dry mouth, diarrhea,

A. >75% decrease in Cr (Gr 3+) anemia, decreased appetite,
B. Mild/mod GI toxicity (Gr 1 or 2) constipation.

' Occurring in >30%: low
C. Severe decrease in Hgb (Gr 3+) lymphocytes, hemoglobin,

leukocytes, platelets, Ca and Na.

D. Severe dry mouth (Gr 3)

Answer: D %



Adverse Reactions from Radio-

Reaction Therapies Associated with the
Reaction

Myelosuppression

Risk of Infertility

Nephrooxicity

Elevated Liver Enzymes/Toxicity
Electrolyte Abnormalities

Dry Mouth

Dysgeusia/Ageusia

Salivary Gland Pain/Swelling
Fatigue

Secondary MDS/Leukemia
Hypersensitivity Reaction
Neuroendocrine/Hormonal Crisis
Fractures

Embryo-fetal Toxicity*
Nausea/Vomiting

Pluvicto™, Lutathera™, Xofigo™
Pluvicto, Lutathera
Pluvicto, Lutathera
Luvicto, Lutathera
Pluvicto

Pluvicto, radioiodine
Radioiodine
Radioiodine
Pluvicto

Lutathera

Lutathera

Lutathera

Xofigo

Pluvicto, Lutathera, Xofigo, radioiodine

Pluvicto, radioiodine




Dose

Reduce Pluvicto dose by
20% if:
» Mild renal toxicity: Cr 1
240%, CICr 1 >40%
» Grade 3 dry mouth;
consider for Grade 2

* Grade 3+
myelosuppression

» Grade 3+ Gl toxicity not
manageable with meds

Recommended dosage modifications of PLUVICTO for adverse reactions

UMD BOFNANN

Myslosuppresacn
(anmrin
thrembocytepesia,
leubopenie, o
neutzopanial

Ranal toecity

Gastioimtastingl
scooty

Fatigue

Electrodyte o matabolic
abnormalties
AST or ALT slervntion

Othar nanhamatalogic
tonicty

Cenda 2

Grwde 23

Recument grade 27 myelosuppression after 1
dose reduction

Dwined ax

» Confirmed serum Craatming increase (orade 22|

« Confirmed Clar <39 mlAmin calculate using
Cockcroft Gauh with actual body waight

Dwtned s

« Confirmed 2 4% ncreass from baseine serum
creatinena, and

« Confirmag »4Ur% decraase from bassline Clex;
calculste using Cockoroft Gauit with actual body waght

Ceande 24 runal toxizity

Recurrent ranal tosicity atter 1 dose reduce

Grade 1

Recurrent gade 3 dry mouth elter 1 dese reduction

Grade 21 [not amenable to owdical intervantian)

fozurrent grade 3 gestraimestinal toxicty after
1 dows redoction

Grade 23

Geade 27

AST cr ALY »% timms ULN i the sbasnce of lver
metsisses

Any unacoaptable towucity

Any setioos sdverss raacticn that iegarey trestment
delay of »4 wecks

Any recuttest grade 3 or & or perustont and ok able
grade 2 adverse reaction afer | dose reduction

Washold PLUVICTO umtll improvemant to grade 1
or baselne

Wikhold PLUVICTO umtil improvement to grade |
of baseline

Rodoce PLUMICTO dose by 205 10 5.9 Glig (160 mLi)

Farmaneacly discontige PLUWVICTO.

Withhobd PLUVICTO untd snprosvoment.

Withheld PLUVICTO unbil imgeovemant oc taturm
ta basslinn

Raduce PLUVICTO dose by 20% 10 4.9 SG (140 mCi),

Permanesnty discontioue PLUVICTO
PFermanemty discantinge FLLIVICTD

Withhold PLUMICTO sntil imgeowemut or returm
1o basalina

Corgidet reducing PLLVICTO dose by 20% to
5.5 GBq (140 mCl)

Withhold PLUCTO sntil imgeovwmuent
or return to baseline.

Reduce PLUVCTO dose by 20% to
5.9 GBq (160 mCi)

Parmanantly decontinus PLLUVICTO

Withhold PLUVICTO until imgeovemunt to grace 2
or busalne

Reduze PLUVICTO dose by 20°% 1o 5.9 GBq (180

Parmarantly dscontinue PLUVICTO.

Withhold PLUAICTO wntil imgeovmemnt to grade 2
o baselina

Withhold PLUWVICTO us mprovement to grade 1
orbaseine

Permanently discomeus PLUVICTO

Permanantly dscontinue FLUMCTO,

Pearmanently dscontinu FLUMCTO.

Parmanently dscontinue MLUMCTO,

Grading derived from Common
Terminology Criteria for Adverse
Events (CTCAE) at ctep.cancer.gov.

ALT, alanine aminutransierase; AST aspartate ammotransharase, CLow Destiing dearance
LN, upper Sma of sormal

Grading atcording to mast cutrent Common Terminclog, tetia for Adversa Evants (CTCAE)

PLUVICTO"

lutetum Lu 177 vipivotice tetraxstan
BLECTION FOR INTRESNOUS 455




Dose

Permanently discontinue
Pluvicto if:

» Grade 23 renal toxicity

« AST or ALT >5x ULN with
no liver metastases

* Any “unacceptable”
toxicity

« Serious AE that delays Rx
for >4wks

» After 1 dose reduction:

* Recurrent grade 3 or 4
ARs or
persistent/intolerable
grade 2 ARs

Recommended dosage modifications of PLUVICTO for adverse reactions

Adverse reaction Severity

Myslosuppresacn
(anmrin
thrembocytepesia,
leubopenie, o
neutropenial

Ranal toecity

Gastioimtastingl
scooty

Fatigue

Electrodyte o matabolic
abnormalties
AST or ALT slervntion

Othar nanhamatalogic
tonicty

ALT, alanine aminutransierase; AST aspartate ammotransharase, CLow Destiing dearance

VLN, upper Sme of sormal

Grading atcording to mast cutrent Common Terminsloy,

Cenda 2

Grwde 23

Recument grade 27 myelosuppression after 1
dose reduction

Dwined ax

= Confirmed senum Craatming increase (orade 27|

« Confirmed Clar <39 mlAmin calculate using
Cockcroft Gauh with actual body waight

Dwtned s

« Confirmed 2 4% ncreass from baseine serum
creatinene, and

« Confirmag »4Ur% decraase from bassline Clex;
calculste using Cockoroft Gauit with actual body waght

Ceande 24 runal toxizity

Recurrent ranal tosicity atter 1 dose reduction

Grade 1

Recurrent gade 3 dry mouth elter 1 dese reduction

Grade 21 [not amenable to owdical intervantian)

fozurrent grade 3 gestraimestinal toxicty after
doc
Grade 23
Geade 27

AST cr ALY »% timms ULN i the sbasnce of lver
metsisses

Any unacoaptable towucity

Any setioos sdverss raacticn that iegarey trestment
delay of »4 wecks

Any recuttest grade 3 or & or perustont and ok able
grade 2 adverse reaction afer | dose reduction

Dosage modification

Washold PLUVICTO umtll improvemant to grade 1
or baselne

Withhold FLUVICTO umil imprevement to grade |
of baseline

Rodoce PLUMICTO dose by 205 10 5.9 Glig (160 mLi)

Farmaneacly discontige PLUWVICTO.

Withhobd PLUVICTO untd snprosvoment.

Withheld PLUVICTO unbil imgeovemant oc taturm
ta basslinn

Raduce PLUVICTO dose by 20% 10 4.9 SG (140 mCi),

Permanesnty discontioue PLUVICTO
PFermanemty discantinge FLLIVICTD

Withhold PLUMICTO sntil imgeowemut or returm
1o basalina

Corgidet reducing PLLVICTO dose by 20% to
5.5 GBq (140 mCl)

Withhold PLUCTO sntil imgeovwmuent
or return to baseline.

Reduce PLUVICTO dose by 20%
5.5 GBq (140 mCi)

Parmanantly decontinus PLUVICTO

Withhold PLUVICTO until imgeovemunt to grace 2
or busalne

feduze PLUVICTO dose by 20°% 1o 5.9 GBq (160 mCij,
Parmarantly dscontinue PLUVICTO.

Withhold PLUAICTO wntil imgeovmemnt to grade 2

o baselina

Withhold PLUVICTO umtd improvement to grade 1
orbaseine

Permanently discomeus PLUVICTO

Permanantly dscontinue FLUMCTO,

Pearmanently dscontinu FLUMCTO.

Parmanently dscontinue MLUMCTO,

tetis dor Adversa Events (CTCAE)

PLUVICTO"

hutetum Ly 177 vinivotide tetravetan
BUECTION TOR INTREANOLS 455







MISC - $100 ,

Answer: Avold blood aspiration Into syrnge.




PET/CT Artifact

Simpson DL, et al. FDG PET/CT: Atrtifacts and pitfalls. Contemp Diag Radiol. 2017; 40:1-8.

T,
i e
Lah # N "
a9’
l‘ :~}b’—a:.¢_ ‘
gy ) ]
g
- ‘E-KAC'\ A=
B
_?‘.:f'z 2
1‘_ ‘. A
-—
i
.,






MISC - $200

f‘.
Yo &
& Y . 8.
o & .

A B C - D



Which of the following portrays an uptake
mechanism based upon a small neuropeptide

associated with neural signaling?

] 14
18F-FDG 1§i'=‘.f » 18F-FES

Fluciclovine
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https://www.cell.com/trends/endocrinology-metabolism/fulltext/S1043-2760(17)30103-0



18F-FDG (fluorodeoxyglucose)

hexokinase
guose \ /> gucose —>  Glucose6-

//) —Y\ 72 metsbolism

06 S G —> FDG&-phosphale

https://www.researchgate.net/figure/Fig-4-Uptake-and-trapping-mechanism-of-FDG-in-cells_fig3_233488356.....



18F-Fluciclovine

FLUCICLOVINE FLUCICLOVINE

FLUCICLOVINE FLUCICLOVINE

Package insert - https://www.axumin.com/about/moa



18F-FES (fluoroestradiol)
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MISC - $300

Answer: B - Lower




SUV =[activity concentration in tissue]/[(injected activity)/(body size)]

Sarikaya I, Albatineh AN, Sarikaya A. Reuvisiting weight-normalized SUV and lean-body-mass-normalized SUV in PET studies. J Nucl Med
Technol. 2020; 48:163-7



SUV in Weight Change

Adams MC, Turkington TG, Wilson, JM, et al. A systematic review of the factors affecting accuracy of SUV measurements. AJR. 2010; 195:310-20.






MISC - $400

Answer: C - Enchondroma




Benign Bone Tumors on FDG PET/CT




Enchondroma




Enchondroma







MISC - $500

Answer: C — Drug-induced injury

_ ——




ARRAY OF PET/CT FINDINGS RELATED TO COVID-19
VACCINATION OR INFECTION

Bartel, Twyla B; Yarbrough, Tracy L
Global Advanced Imaging, PLLC

SNMMI Vancouver 2022

Hong JK, et al. Autoimmune hepatitis triggered by COVID-19. 2021; 51:1182-3.
McShane C, et al. The mRNA COVID vaccine — A rare trigger of autoimmune hepatitis? J Hepatol. 2021; 75:1252-4.



ARRAY OF PET/CT FINDINGS RELATED TO COVID-19
VACCINATION OR INFECTION

Bartel, Twyla B; Yarbrough, Tracy L
Global Advanced Imaging, PLLC

SNMMI Vancouver 2022

Minamimoto R, et al. Effects of COVID-19 vaccination on FDG-PET/CT imaging: A literature review. Glob Health Med. 2021; 3:129.33.
Subesinghe M, et al. A case control evaluation of pulmonary & extrapulmonary findings of incidental asymptomatic COVD-19 infection on FDG-
PET/CT. 2022; 95:1130.






CASES - $100

Answer: D — Superior to other NIV methods



Hadair G, Singh N. Fever of unknown origin. New Engl J Med. 2022; 386:463-77



Table 1. Broad Categories of Fever of Unknown Origin (FUO).*

Category
Classic FUO

Nosacomial FUO

ICU patients

Non-ICU patients
Immunodeficiency-associated FUQ

Organ-transplant recipients

Patients with neutropenia

Hematopoietic-cell transplant
recipients

Patients with HIV infection not
receiving ART, patients with
AIDS

Travel-associated FUO

Definition and Causes

FUOQ despite reasonable initial investigations in the inpatient or outpatient setting; includes FUO in
persons with HIV infection who are virally suppressed, with CD4 counts >200 cells/mm’; causes
fall into four categories: infections (e.g., tuberculosis, endocarditis, occult abscesses, Whipple's
disease, enteric fever, syphilis [mainly secondary], various zoonoses, and histoplasmosis), cancer,
autoimmune and autoinflammatory disorders, and miscellaneous causes

FUO that develops in hospitalized persons

Causes include infections (bacteremia, pneumonia, Clostridioides difficile infection, fungemia, catheter-
associated infections, decubitus ulcers), thromboembolic events, acalculous cholecystitis, drug-
associated fever, strokes, cerebral hemorrhages, and bleeding

Similar causes to those listed for FUO in ICU setting, although patients are not critically ill
Causes are highly variable, depending on the type of underlying immunodeficiency

Causes include viruses, donor-derived infections, Strongyloides stercoralis hyperinfection, opportu-
nistic fungal infections, rejection, and in rare cases, GVHD, graft intolerance syndrome (from
retained kidney grafts in situ after graft failure), old nonfunctioning arteriovenous grafts after kidney
transplantation {may cause occult infection or fever), hemophagocytic lymphohistiocytosis, and
ureaplasma-related hyperammonemia syndrome

High-risk patients with neutropenia are considered to have FUQ if they have been febrile for >5 days
despite appropriate empirical antibiotic therapy; etiologic diagnosis affected by duration of neutrope-
nia, immunosuppression for GVHD treatment or prophylaxis, and prophylactic antimicrobial therapy

Causes before engraftment: similar to causes of neutropenic FUO

Causes in early period after engraftment: engraftment itself, opportunistic herpesvirus infections,
adenovirus infection, hyperacute GVHD, infectious pneumenia, idiopathic pneumonia syndrome

Causes in late period after engraftment: multiple causes, including relapsed cancer; immune reconsti-
tution is not fully restored for approximately 24 mo, and patients remain at risk for infection {e.g.,
from encapsulated organisms) during that period

Causes include acute retroviral syndrome, mycobacterial infection, endemic mycoses, toxoplasmosis,
cryptococcosis, HHV-8 infection {e.g., Kaposi's sarcoma, primary effusion lymphoma, Kaposi's
sarcoma herpesvirus inflammatory cytokine syndrome), and lymphoma

Causes include malaria, enteric fever, leptospirosis, viral hemorrhagic fevers, typhus, and acute undif-
ferentiated febrile illness of tropical countries™

* The table includes a selected list of entities that may be associated with FUO. Data are from Durack and Street’ and Wright and Auwaerter.”!
AIDS denotes acquired immunodeficiency syndrome, ART antiretroviral therapy, GVHD graft-versus-host disease, HHV human herpesvirus,
HIV human immunodeficiency virus, and ICU intensive care unit.
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/6 year-old woman with
IgG kappa multiple myelo

Presents for restaging in the S¢
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Answer: D



TABLE 1 | Main characteristics of '8F-FDG PET/CT and MRI for muitiple myeloma

imaging at baseline.

Scanning time

Radiation exposure

Bone involvement

Diffuse bone marrow
disease

Extramedullary disease

Impact on clinical
decision
Prognostic value

Standardization for
acquisition,
interpretation, and
reporting

8F-FDG PET/CT

15-20 min

Starts 60 min after FDG
injection

10-25 mSv (PET+CT
component)

High sensitivity

~10% of PET
false-negative MM

Moderate sensitivity

Preferred technique

More than WB DW-MRI

>3FL

EMD

SUVmax

Other quantitative PET
parameters (MTV and
TLG)

IMPETUS criteria

MRI

Between 30 and 50 min

None

High sensitivity of AS-MRI
Highest sensitivity of WB
DW-MRI

Gold standard

Diagnostic value less
explored

Less than "8F-FDG
PET/CT

Diffuse disease
>3 large FLs on WB
DW-MRI (=5 cm?)

WB DW-MRI: MY-RADS
criteria

18F-FDG PET/CT, fluorodeoxyglucose positron emission tomography-computed
tomography; MM, multiple myeloma; AS-MRI, axial skeleton MRI; WB DW-MRI,
whole-body diffusion-weighted MRI, FL, focal lesion; MTV, metabolic tumor volume;
TLG, total lesion glycolysis; SUVmay, maximum standardized uptake value; IMPETUS,
ltalian Myeloma Criteria for PET Use; MY-RADS, Myeloma Response Assessment and
Diagnosis System.

Han S, Woo S, Kim Y-I, Yoon DH, Ryu J-S. Prognositic
value of 18F-fluorodeoxyglucose positron emission
tomography/computed tomography in newly diagnosed
multiple myeloma: a systematic review and meta-analysis.

Mesguich C et al. 18F-FDG PET/CT and MRI in the
Management of Multiple Myeloma: A Comparative Review.
Frontiers in Nuclear Medicine. 2022; 1: 808627.

Zukovs R, et al. 18F-FDG PET/CT in relapsed multiple
myeloma: Are prognostic thresholds different from first-line
therapy? BMC Medical Imaging. 2022; 22: 64.



The IMPeTUS Criteria In
Multiple Myeloma
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Answer: B



Patterns of FDG PET Distribution

in Selected Dementia Etiologies

Jreige M, et al. The diagnostic performance of functional dopaminergic scintigraphic imaging in the diagnosis of dementia with Lewy bodies: An
updated systematic review. Eur J Nucl Med Mol Imaging. 2023; epub ahead of prient. Doi: 10.1007/s00259-023-06154-y.

Ponosio MR, et al. The Role of SPECT and PET in Epilepsy. Am J Roentgeneology. 2021; 216: 759-768.

Shivamurthy VKN, et al. Brain FDG PET and the Diagnosis of Dementia. Am J Roentgenology. 2015; 204(1): W76-W85.



Clinical Imaging of Lewy Body Demen

FP-CIT SPECT Differentiation from Alzheimer Decreased dopamine tracer uptake in the
(DaTscan™) Disease (AD) and (HC) basal ganglia

FDG PET Supporting of DLB diagnosis  Occipital lobe hypometabolism, cingulate
island sign, with involvement of parieto-
temporal and visual association
cortices/lobes in DLB

CT Exclusion of secondary causes DLB will have intact brain structures and
of dementia such as space- white matter integrity
occupying lesions (tumors,
hematomas)

MRI Differentiation from AD Preservation of mesial temporal lobe

structures in DLB as compared to AD,
with other characteristic patterns

MIBG Cardiac Differentiation from AD Low uptake indicating the presence of

SPECT cardiac post-ganglionic sympathetic
denervation, characteristic of
neurodegenerative diseases with Lewy
body pathology

Chart adapted from: Yousef T, et al. Neuroimaging in Lewy body dementia. Journal of Neurology. 2019; 266: 1-26.
Kang SW, et al. Implication of metabolic and dopamine transporter PET in dementia with Lewy bodies. Scientific Reports. 2021; 11: 14394.
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Harmonizing FDA Approval and

Appropriate Use Criteria in PET

Jadvar H, et al. Appropriate use criteria for Prstate-Specific Membrane Antigen PET Imaging. J Nucl Med. 2022; 63(1): 59-68.
As accessed on 3/21/2023 at https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-second-psma-targeted-pet-imaging-drug-men-prostate-cancer



Guidelines for Use of

PSMA and Fluciclovine PET

Patients with the following scenario...

- PSA persistence or rise from undetectable after prostatectomy or
definitive Rx;

- staging unfavorable intermediate or high-risk Pr CA (& with neg or
equivocal findings on conventional imaging);

- nmCRPC on conventional imaging;

post-treatment PSA rise in mCRPC if being considered for PSMA-targeted
RX*

- newly diagnosed Pr CA with mets on conventional imaging;

- PSA rise after focal Rx to primary;

- post-treatment PSA rise in mCRPC if NOT being considered for PSMA-
targeted Rx*;

- evaluation of therapy response

-v. low, low and favorable intermediate-risk Pr CA;
-suspected prostate CA for targeted biopsy

PSMA Fluciclovine PET
PET

7,80r9

(Appropriate)

4,50r6 May be used for detection of

(May be disease at biochemical

appropriate) recurrence and progression of
disease in bone and soft
tissues (See NCCN Guidelines
algorithm for more details)

1,2o0r3

(Rarely

appropriate)

Jadvar H, et al. Appropriate use criteria for Prstate-Specific Membrane Antigen PET Imaging. J Nucl Med. 2022; 63(1): 59-68
Hope TA and Jadvar H. Updates to appropriate use criteria for PSMA PET. J Nucl Med. 2022; 63(5): 14N.
NCCN Guidelines for Prostate Cancer, as accessed on 3/21/2023 at https://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf
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Renal
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Patient 1

Patient 2 —
Renal
Lymphoma

Answer: B — SUVs higher for lymphoma




FDG PET/CT RCC vs Renal Lymphoma

Liu Y. The place of FDG PET/CT in renal cell carcinoma: Value and limitations. Front Oncol. 2016.

Kochhar R et al. Pictorial essay: Role of FDG PET/CT in imaging or renal lesions. J Med Imaging Radiation Oncol. 2010; 54:347-57.

Nguyen T et al. Multimodality imaging of renal lymphoma and its mimics. Insights into Imaging. 2022; 13

Nicolau C et al. Renal masses detected on FDG PET/CT in patients with lymphoma: imaging features differentiating primary renal cell carcinomas from renal lymphomatous
involvement. AJR. 2017; 208:849-53.






CHALLENGE - $100

Woman with newly diagnosed
(untreated) cervical cancer, status-post
laparoscopic exploratory exam under
anesthesia (EUA).
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Which of the following reflects
the most common nodal
(lymphatic) drainage patterns
from cervical cancer?

A. Para-aortic and external iliac (1°) >
common iliac (2°)

B. Lateral pelvic (obturator) and junctional/
interiliac (1°) - common iliac and para-
aortic (2°)

C. Superficial inguinal (1°) = external iliac (2°)

D. Lateral pelvic (obturator) and hypogastric
junctional/interiliac (1°) - external iliac (2°)

Answer: D O



Common Lymphatic Drainage Patterns in
Gynecologic Malignancies

A. Para-aortic and external iliac (1°) > common iliac (2°)
= ovarian

B. Lateral pelvic (obturator) and hypogastric
(junctional/interiliac) (1°) = common iliac and para-
aortic (2°) = endometrial

C. Superficial inguinal (1°) = external iliac (2°) = vulvar

D. Lateral pelvic (obturator) and hypogastric
junctional/interiliac (1°) = external iliac (2°) =
cervical

Pafio B, et al. Pathways of lymphatic spread in gynecologic malignancies. Radiographics. 35(3):



"Regional” Nodes in Gynecologic
Malignancies

Primary
Tumor Site

Endometrium PV, PA, CI, EI, II I =TNM M1 &
FIGO IVB

Ovaries PV, PA, CI, EI, II I =TNM M1 &

FIGO IVB

Cervix PV, CI, EI, II PA, I = TNM M1 &
FIGO IIIC2

Vulva PV, I PA, CI, Eland II =
TNM M1 & FIGO
IVB

PA=para-aortic, PV=perivesicular, II=internal iliac, I=inguinal, EI=external iliac,
CI=common iliac; TNM and FIGO staging.

Image as accessed on 3/21/2023 at https://jschoi.org/20/body-emoji/ -

Chart adapted from Ramanathan S, et al. Nodal metastasis in gynecologic malignancies: Update on imaging and management. Clinical Imaing.
2020; 59(2): 157-166.


https://jschoi.org/20/body-emoji/
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Pt with a history of lymphoma & no evidence of recurrence clinically or by
imaging. . —

. )w'c-




What is the next best step in @
management for the left neck
abnormality?

A. Biopsy

B. Chemotherapy

C. Antibiotics

D. Surgery

Answer: C - Antibiotics |



FDG Inflammation

* Left-sided sialolith with inflammatory
uptake/sialadenitis

« The initial treatment of acute sialadenitis consists of
antibiotic therapy, hydration, and anti-inflammatory
medications with the hope that the sialolith will dislodge without
needed removal. This patient was lymphoma recurrence free
clinically & by imaging otherwise.

* Image A - green arrow pointing to inflamed left
submandibular gland. B - CT prior to the FDG-PET/CT
demonstrating enlargement and enhancement of the affected
left submandibular gland. C - folllowing TX & removal of stone
showing improvement of the gland.

RCarlson ER, Ord RA. Salivary Gland Pathology: Diagnosis and Management. Wiley Blackwell. 2015.
Liu Y. Chronic sialadenitis with marked lymphadenopathy mimicking lymphoma on FDG PET/CT. Clin Nucl Med. 2014; 39:738-9.
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/3 year-old man with ventricular arrhythmia and
history of systemic sarcoidosis, presents for evaluation
of possible cardiac sarcoid.
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CHALLENGE - $300

In patients with Rb+FDG imaging study
findings like this patient, what is the
annualized rate of adverse cardiac events
(death or ventricular tachycardia)?

A. <10%
B. 15-20%
C. 25-40%
D. >50%

|Answer: A



Myocardial PET in
Cardiac Sarcoid Prognostication

1.00

* Patients with
normal perfusion
+ metabolism
had an event
rate of 7.3%.

* Presence of
perfusion +
metabolism
defects was . v | _
associated with a 400 600
hazard ratio of Time (days)

3.9. Normmal perfusion and FDG
Abnormal perfusion or FDG
Abnormal perfusion and FDG

0.75

~
S
©
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Blankstein R, et al. Cardiac positron emission tomography enhances prognostic assessments of patients with suspected cardiac sarcoidosis. J Am Coll -
Cardiol. 2014; 63(4): 329-36.

Hotta M, et al. Radionuclide imaging of cardiac amyloidosis and sarcoidosis: Roles and characteristics of various tracers. Radiograhics. 2020; 40: 2029-2041.




Patterns of
FDG Uptake in
Cardiac
Sarcoid

-

| Example [
S FDG Flupmcy\ ; 4 Interpretation / Comment d
Perfusion | Perfusion FOG

Normal perfusion and metabolism

Normal 3
Normal o Normal
(negative) %

Diffuse Diffuse FDG most ikely due to
Normal (non- failure to suppress FDG from
5 M)
specific) - normal myocardium

Abnormal perfusion or metabolism

y Nonspecific pattem ; focal
Normal 0¢ g a increase in FDG may represent
1\ | 3
early disease vs. normal variant

Rest perfusion defect may

Positive Negative (149 represent scar from cardiac
») sarcoidosis or other etiologies

Focal

increase Presence of active inflammation

Positive

("mismatch scar in the same location

pattern’) Q
. . Similar to above but also areas
Posith Focalon & of inability to suppress FDG
- diffuse ' from normal myocardium v
| | diffuse inflammation
Focal
increase o D

(different
area)

esence of both scar and

Positive 5 (4%) mﬂammanun but in different

segments

Blankstein R, et al. Cardiac positron emission tomography enhances prognostic assessments of patients with suspected cardiac sarcoidosis. J Am Coll -

Cardiol. 2014; 63(4): 329-36.






CHALLENGE - $400

15 yo BX left chest mass (+) small round blue round cell tumor.
Negative 123I-MIBG & positive 18F-FDG scans.




CHALLENGE - $400

15 yo BX left chest mass (+) small round blue round cell
tumor. Negative 123I-MIBG & positive 18F-FDG scans.
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CHALLENGE - $400

15 yo BX left chest mass (+) small round blue round cell tumor; CD99+.
Neg catecholamines. Negative 1231-MIBG & positive 18F-FDG scans. Which
is the most likely diagnosis?

A. Neuroblastoma
B. Wilm’s Tumor
C. Askin Tumor

D. Chondrosarcoma

Answer: C — Askin Tumor |



Askin Tumor

* Rare chest neoplasm in children and adolescents
 Highly malignant & poor prognosis

* Blue cell tumor with CD99 (+) — diagnostic for Ewing'’s
sarcoma family (neuroectodermal tumor)

* No well-defined TX guidelines

Singh A et al. Askin tumor: A rare neoplasm of thoracopulmonary region. Lung India. 2016; 33:196-8.



Other Chest Tumors

*Neuroblastoma — usually MIBG positive,
elevated catecholamines

*Wilm’s tumor — arises from kidney; may or
may not accumulate MIBG

*Chondrosarcoma — involves bones
(cartilaginous tumor); Rare but can be primary
chest mass and with (+) blue round cells

Capps E et al. Chest wall chondrosarcoma. Proc. 2009; 22:362-5. -
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After surgical resection & chemotherapy
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CHALLENGE - $500 ©

Which of the following processes within the prostate gland is
best matched with its typical uptake patterns within the gland
on PET?

B. Benign prostate +/++, diffuse +++, Toca
hyperplasia

D. Castration-resistant -/+, diffuse +++, focal +++, diffuse
neuroendocrine
carcinoma
Uptake: -- = none or minimal; + = mild; ++ = moderate; +++ = intense

Answer: C r3



Patterns of Uptake in Prostate Pathology —
Use of Molecular Imaging Agents (1)

* Prostatitis may be positive, often diffusely mildly-to-moderately
positive (i.e. not focal), on each of the three study types due to the
expression of the relevant transporters (GLUT, somatostatin) within
inflammatory cells; the exact mechanism of PSMA accumulation in sites
of inflammation and infection are not well-understood but may be
related to neovascularization.

* Prostate hyperplasia represents a nodular growth of glandular-
epithelial and stromal tissues within the prostate gland. Though isolated
reports of intense uptake have been made in the literature, hyperplasia
is typically mild-to-moderate on both PSMA PET and somatostatin
receptor imaging. In addition, hyperplasia is typically mild-to-moderate
and diffuse on FDG PET.

Conteduca V, et al. Clinical features of neuroendocrine prostate cancer. Eur J Cancer. 2019; 121: 7-18.

Gofrit ON, et al. PET/CT with 68Ga-DOTA-TATE for diagnosis of neuroendocrine differentiation in patients with castrate-resistant prostate cancer. Clin Nucl
Med. 2017; 42(1):1-6.

Malan N, Vangu M-d-T. Normal variants, pitfalls, and artifacts in Ga-68 prostate specific membrane antigen (PSMA) PET/CT imaging. Front Nucl Med. 2022; 2:
825512.



Patterns of Uptake in Prostate Pathology —
Use of Molecular Imaging Agents (2)

* Prostate adenocarcinomas express prostate-specific membrane
antigen (PSMA), and are therefore expected to be at least moderately
positive on PSMA PET, typically in a focal or multifocal (i.e., not diffuse)
pattern. Adenocarcinomas may also demonstrate low-grade DOTATATE
and FDG uptake as well.

* Neuroendocrine carcinoma, like adenocarcinoma, will typically present
a focal or multifocal (i.e. not diffuse) pattern at the site of tumors within
the prostate gland. In addition, the prostate gland will often
demonstrate moderate-to-intense FDG uptake, as well as being
intensely tracer-avid on somatostatin receptor imaging. PSMA would
not be expected to be positive, as neuroendocrine tumors of the
prostate tend to be castrate-resistant and express less PSMA.

Conteduca V, et al. Clinical features of neuroendocrine prostate cancer. Eur J Cancer. 2019; 121: 7-18.

Gofrit ON, et al. PET/CT with 68Ga-DOTA-TATE for diagnosis of neuroendocrine differentiation in patients with castrate-resistant prostate cancer. Clin Nucl

Med. 2017; 42(1):1-6. -
Malan N, Vangu M-d-T. Normal variants, pitfalls, and artifacts in Ga-68 prostate specific membrane antigen (PSMA) PET/CT imaging. Front Nucl Med. 2022; 2:

825512.



FINAL JEOPARDY:
67 year-old man with metastatic carcinoma, possibly of
primary prostate origin. What is the most likely
histopathologic tumor type?







THANK YOU!!
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