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MAJOR CLINICAL APPLICATIONS OF PET/C

Brain

+Assist in decision-making and target selection for biopsy by identifying the grade of malignancy
where there is uncertainty on anatomical imaging.

-Suspected relapse where magnetic resonance imaging (MRI) is equivocal to inform decisions
regarding surgery or radiotherapy planning.

+ Assessment of suspected high-grade transformation in low-grade glioma.
- To differentiate recurrent glioma from post-treatment effects when MRI is unhelpful.

-Differentiation between glioma and primary central nervous system lymphoma limited to the
brain in combination with MRI in highly selected cases.

-Differentiation of cerebral tumor from atypical infection in immuno-compromised patients with
indeterminate lesions on MRI/CT.

Head and neck tumors

-Staging of patients where staging is difficult clinically; for example, where there is uncertainty on
other imaging or equivocal findings that would preclude radical treatment.

-Staging or restaging of patients with a high-risk of disseminated disease such as advanced loco-re-
gional disease and primary sites with a high propensity for disseminated disease such as
nasophayngeal and hypopharyngeal cancer.

«To identify the primary site in patients presenting with metastatic squamous cell carcinoma in
cervical lymph nodes, with no primary site identified on other imaging.

«Response assessment three to six months’ post chemoradiotherapy in head and neck cancer with
advanced locoregional or metastatic disease.

«To differentiate relapse from treatment effect.

Thyroid carcinoma

«Assessment of patients with elevated thyroglobulin levels and negative iodine scintigraphy with
suspected recurrent disease.

+To evaluate disease in treated medullary thyroid carcinoma associated with elevated calcitonin
levels with equivocal or normal cross-sectional imaging, bone and octreotide scintigraphy.

«Monitor response to tyrosine kinase inhibitor (TKI) therapy in patients with FDG-avid and non-io-
dine-avid disease.

«Evaluation of anaplastic thyroid cancer in highly selected cases based on a multidisciplinary
decision where impact on clinical management is expected.




Lung carcinoma

-Staging of patients considered for radical treatment of non-small cell lung cancer.

«Characterization of a solid solitary pulmonary nodule with an initial risk of malignancy of >10%.
- Especially in the case of failed biopsy, a technically difficult biopsy or where there is a significant
risk of a pneumothorax in patients with medical co-morbidities. - Smaller nodules in the upper
lobes may be considered after multidisciplinary team (MDT) discussion or discussion if biopsy
and/or CT follow-up are not appropriate.

-Assessment of response to chemotherapy and/or radiation treatment in selected patients who
have had an apparently very good response on conventional imaging and surgery is being
considered.

-Assessment of suspected disease recurrence <To differentiate between treatment effects and
recurrent cancer.

-Staging of patients with small-cell lung cancer with limited disease on CT being considered for
radical therapy.

Pleural malignancy

To guide biopsy in patients with suspected pleural malignancy with pleural thickening. - FDG is
less likely to be useful in patients presenting with a pleural effusion only or with a history of previ-
ous pleurodesis.

- To exclude extra-thoracic disease in proven mesothelioma in patients considered for multimo-
dality treatment including radical surgery/decortication.

*Response assessment to therapy where there is uncertainty on conventional imaging.

Thymic tumors
«Staging of patients considered for surgical resection.
-Assessment of indeterminate thymic lesions if being considered for radical treatment.

*Response assessment to therapy where there is uncertainty on conventional imaging.

Breast tumors

«Indeterminate or equivocal breast lesions

«In case of an FDG-avid intramammary incidental abnormality on a FDG PET-CT scan (performed
for reasons other than breast cancer), it is recommended to evaluate on further investigations to
exclude breast cancer, including correlation with dedicated breast imaging and, not infrequently,
histological confirmation




Primary staging

« To be performed when standard staging imaging studies are equivocal or suspicious and particularly
when required to guide management decisions such as pre-operative systemic therapy.

- Staging of inflammatory or non-inflammatory locally advanced breast cancers (LABC) instead of and
not in addition to CT scan and bone scan.

Replacing or complementing standard staging imaging studies in high-risk patients, such as patients
with: - High tumor burden*: Large tumors (e.g. > 5 cm, T3) and/or; Clinically positive axillary
nodes (cN+); - Aggressive tumor biology, e.g. triple-negative breast carcinoma** — Clinical signs, symp-
toms or laboratory values suggesting the presence of metastases.

«To identify occult primary breast cancers in a highly selected group of patients with proven lymph nodal
(particularly axillary) or distant metastatic disease but undetecte lesions on dedicated breast imaging.

» Replacing standard staging imaging studies in patients with proven or suspected allergy to CT or MRI
contrast agent.

Notes: TP

s
*In the initial staging, FDG PET-CT imaging has been suggested in patients with clinical stage IIA (TTN1
or T2NO) and strongly recommended in patients with clinical stage >=IIB breast cancer, and is better

when performed before surgery;

**Other aggressive breast canceﬂ,gﬁenotypes which are knowg";%_be FDG-avid include grade 3 ductal
cancer, high Ki67, ER/PR-negative, luminal B cancers. e

« Recurrence assessment

+To be performed in patients in which standard imaging studies are equivocal or suspicious of recurrent
disease (problem-solving).

- For restaging of patients with confirmed locoregional recurrence or clinical suspicion of relapsed
disease

« Response to treatment
« For early evaluation of response to neoadjuvant therapy, particularly in triple negative or Her2+ disease.

« Assessing response to systemic treatment, as clinically indicated, particularly in patients whose disease
is not well demonstrated using other diagnostic techniques (for example, bone metastases) or in
complex patients with multisystemic disease (fo identifying differential response and guide clinical
management).*(e.g. chest wall tenderness, elevated tumor markers and so on) equivocal on standard
imaging.

- Differentiation of treatment-induced brachial plexopathy from tumor infiltration in symptomatic
patients with an equivocal or normal MRI.

« Replacing standard restaging imaging studies in patients with proven or suspected allergy to CT or MRI
contrast agents




Esophageal and esohago-gastric junction cancers

- For staging/re-staging patients with esophageal or esohago-gastric carcinoma, partic-
ularly if considered at risk of metastases, suitable for radical treatment, including
patients who have received neo-adjuvant treatment.

« Evaluation of suspected recurrence of esohago-gastric tumors when other imaging is
negative or equivocal.

- For radiotherapy planning/volume delineation of esophageal and esohago-gastric
junction cancers.

- To evaluate response assessment after primary treatment in patients with esophageal
or esohago-gastric junction cancers.

Gastric cancer

- To identify primary gastric tumors in case of equivocal findings on conventional imag-
ing for patients which are eligible for radical treatment.

« For staging and re-staging of confirmed gastric cancer if there is a curative treatment
intent.

« Assessment of suspected relapsed or disease progression in patients who are
candidates for further chemotherapy or radiotherapy.
- To identify recurrent disease in gastric bed, near anastomoses or stumps.

« For treatment response assessment (particularly in cases of renal insufficiency or
allergy to CT contrast.

Gastrointestinal stromal tumors

- Staging prior to treatment in patients who are likely to require systemic therapy.
Response assessment to systemic therapy.

- Early treatment response (six to eight weeks) to imatinib Hepatopancreatobiliary
disease

Pancreatic cancer

-Staging of patients with localized pancreatic cancer on CT before they have surgery,
radiotherapy or systemic therapy to help in planning appropriate treatment.

Suspected recurrence of pancreatic cancer, where cross-sectional imaging is equivocal
or negative.




Hepatocellular carcinoma

« Suspected recurrence of hepatocellular carcinoma (HCC), where cross-sectional imag-
ing is equivocal or negative.

- Identification of poor prognosis HCC.

- Predicting probability of early recurrence after liver transplantation for HCC. Colorec-
tal carcinoma

- Staging of patients with synchronous metastases at presentation suitable for resection
or patients with equivocal findings on other imaging; for example, pulmonary or liver
lesions.

« Restaging of patients with recurrence being considered for radical treatment and/or
invasive targeted techniques (for example, metastatectomy/selective internal radiation
therapy [SIRT]).

« Assessment of treatment response in patients with rectal carcinoma post (chemo)
radiotherapy with indeterminate findings on other imaging.

« Evaluation of indeterminate pre-sacral masses post-treatment.

« Assessment of treatment response following targeted therapy (ablative techniques for
liver or lung metastases, selective internal radiotherapy for liver metastases) in metastat-
ic colorectal carcinoma when findings on other imaging are inconclusive.

« PET-CT follow up after liver metastasis ablation.

« Detection of recurrence in patients with rising tumor markers and/or clinical suspicion
of recurrence with normal or equivocal findings on other imaging.

« Monitoring metabolic response in patients with metastatic colorectal cancer being
treated with oral multikinase and immune checkpoint inhibitors




Anal carcinoma

« For staging in patients with T2-T4 anal tumors suitable for radical treatment.
« For re-staging/re-assessment in patients treated with radical chemoradiotherapy.

Urological malignancy.

Renal cancer

« Assessment of metastatic renal or ureteric carcinoma in staging and restaging of extra-
renal or extra-ureteric disease in selected cases with equivocal imaging.

+ Assessment of disease recurrence within the nephrectomy bed.
« Monitoring response to treatment if previously FDG-avid metastatic disease.
Bladder cancer

« Staging - In the setting of proven muscle invasive bladder cancer or high-risk non-
muscle-invasive bladder cancer before radical treatment if there are indeterminate findings
on CT or MR, or a high-risk of metastatic disease (e.g., T3b disease).

« Re-staging following treatment or in suspected extra-vesical recurrence (nodal or viscer-
al).

Prostate malignancy

« Positive FDG PET is a poor prognostic marker in prostate malignancy and can be used in
combination with multitracer imaging (e.g., prostate-specific membrane antigen (PSMA)
tracer imaging, ...) in highly selected patients based on MDT approach. See 68Ga-PSMA
PET/CT in prostate malignancy

Testicular malignancy

«In selected cases of primary staging of testicular germ cell tumors with equivocal findings
on conventional work-up.

+ Assessment of recurrent disease in seminoma patients with elevated or rising tumor mark-
ers and equivocal or normal anatomical imaging.

« Post chemotherapy assessment of residual masses in patients with metastatic seminoma

Penile carcinoma

- Staging of high-risk penile carcinoma

PSMA Scan




Gynecological malignancy

« Staging of patients with locally advanced cervical cancer being considered for radical chemora-
diotherapy.

+ Response assessment of locally advanced cervical cancer after chemoradiotherapy if felt clinical-
ly warranted.

- Suspected recurrence of vulval, endometrial or cervical carcinoma when other imaging is equivo-
cal.

« Staging or restaging of patients with vulval or uterine (cervix/endometrium) carcinoma consid-
ered for exenterative surgery.

« Detection of tumor in selected patients with ovarian carcinoma who have rising CA125 levels
and equivocal or negative imaging.

- Staging of high-risk endometrial cancer with equivocal findings on conventional work-up.

Lymphoma

« Staging and restaging of FDG-avid lymphoma (including indolent lymphoma and post-trans-
plant lymphoproliferative disorder (PTLD) in patients being for considered for active treatment.

- Response assessment using Deauville criteria and Lugano classification.
« In cases where there is a high index of clinical suspicion for high grade transformation

to identify a suitable biopsy site in low grade lymphoma. Re-biopsy is not required prior to immu-
nochemotherapy based on standardized uptake value (SUV) alone.

« Evaluation of suspected relapse for FDG-avid lymphomas in symptomatic patients. Surveillance
imaging is not recommended.

« Prior to bone marrow transplant to assess remission status and residual volume of disease and
suitability for transplant.

Myeloma
« Work-up of patients with newly diagnosed, relapsed or refractory multiple myeloma.

« Work-up of patients with a solitary extramedullary plasmacytoma, as well as in cases of solitary
bone plasmacytoma if whole-body MRI is not available or contraindicated.

« Distinguish between smouldering and active myeloma.

- Monitor the effects of treatment




Skin tumors

- Staging of patients with known disseminated melanoma to assess extent of disease prior to
treatment.

« To assess for distant disease in patients with melanoma when radical dissection is contem-
plated (nodal or metastatic disease).

« To assess response to isolated limb infusion for malignant melanoma.

« FDG PET-CT is a useful non-invasive tool in the work-up of locally advanced (unresectable)
and metastatic Merkel cell carcinoma, providing information for initial staging, therapy
response evaluation, and monitoring of recurrent disease.

- To exclude systemic involvement in skin lymphomas and exclude large cell transformation in

- wy
(IR AR IR

Musculoskeletal tumors

« Staging of high-grade sarcomas (e.g., Ewing’s sarcoma, rhabdomyosarcoma, osteosarcoma),
unless already proven to have metastatic disease.

« In the pre-amputation setting of a high-grade sarcoma where detection of distant disease will
alter the surgical management.

« Staging of patients with metastatic sarcoma considered for liver or lung metastatectomy where
anatomical imaging has not identified any extra-thoracic or extra-hepatic disease which would
preclude surgery.

- Treatment response assessment in high-grade sarcomas.

- Follow-up assessment post-surgical treatment (ie, operative bed surveillance for local recur-
rence), particularly in cases where metallic orthopaedic implants preclude or complicate conven-
tional imaging.

- Aid in differentiation of equivocal findings from conventional imaging in selected cases




Neuroendocrine tumors

« Staging or restaging (including pre-operative assessments) of selected patients
with poorly differentiated neuroendocrine tumors (NETs) including phaeochromo-
cytoma and paraganglioma (in particular those with succinate dehydrogenase
mutations) prior to treatment with negative somatostatin receptor imaging with
SPECT techniques or 68Ga-DOTATATE PET-CT.

« Staging of well-differentiated neuroendocrine tumor with lesion(s) showing rapid
progression.

. Staging of well-differentiated neuroendocrine tumor with lesion(s) on cross-
sectional imaging that is negative on SSR imaging to evaluate for secondary pathol-
ogy or dedifferentiation.

« Identify patients who are unlikely to respond to 177 Lu-DOTATATE therapy (ie,
discordant lesions that are SSR negative and FDG positive).

« Risk stratification of well-differentiated NETs for treatment planning.

« Assessment of possible multifocal disease in patients with paraganglioma consid-
ered for surgery in combination with 68Ga-DOTATATE PET-CT.

« Assessment of selected patients with adrenocortical carcinoma being considered
for invasive treatment where cross-sectional imaging is inconclusive.

Paraneoplastic syndromes

« To detect an occult primary tumor in selected patients with non-metastatic mani-
festations of neoplastic disease when other imaging is negative or equivocal.

Carcinoma of unknown primary

« Detection of the primary site when imaging and histopathology has failed to
show a primary site, where the site of tumor will influence choice of chemotherapy.

« Most NETs have low uptake of FDG; however, tracers that bind to
somatostatin receptors,which are expressed by these tumours have high
uptake. Somatostatin receptor (SSR) scintigraphy using SPECT tracers,
for example 111 In-octreotide, have been clinical use for a number of
years. Newer peptide labelled with 68Ga such as DOTATATE show much
higher affinity for NETs. Recently radionuclide treatments using SSR
agents have resulted in improved quality of life and an 82% increase in
progression free survival for patients with NETs and SSR imaging helps to

select and manage patients for radionuclide therapy.




Vasculitis

*Suspicion of vasculitis

* To determine the presence, extent and distribution of active extracranial disease in patients with suspected
medium or large vessel vasculitis.

*To exclude other pathological processes which could result in atypical clinical presentation mimicking
vasculitis, such as infection, multisystemic inflammatory disease, malignancies and potential paraneoplastic
phenomenon.

*To confirm active extracranial vascular disease in patient with clinical suspicion of vasculitis in which
conventional imaging (ultrasonography, CT angiography or magnetic resonance angiography) is negative or
equivocal.

*Suspicion of vasculitis relapse (during glucocorticoid taper and/or immunosuppressive therapy)

*In case of suspicion of vasculitis relapse (vasculitis-related inflammation of the aorta and/or its proximal
branches), investigation with FDG PET-CT imaging should be considered.

Infection and inflammatory disorders

*Specific indications where FDG PET-CT may offer advantages over other forms of imaging include the
following:

— suspected implantable cardiac device related infection in selected cases provided sufficient time has
elapsed since surgery;

— suspected central or peripheral vascular graft infection;

— bone and soft tissue infections in the feet of patients with diabetes mellitus;
— detection of focal site(s) of infection in immunocompromised patients;

— spinal infections;

— possible multi-resistant tuberculosis especially in HIV positive or otherwise immunocompromised
patients;

— post-fracture osteomyelitis.
For diagnosis and prognostication of idiopathic retroperitoneal fibrosis.

*May be considered as a problem-solving tool in complex cases of autoimmune disease.

Pyrexia of unknown origin

*To identify the cause of pyrexia of unknown origin where conventional investigations have not revealed a
source

*Three point visual grading score for prosthetic vascular graft infection.




68Ga-PSMA PET/CT imaging of prostate cancer

«Localization of tumor tissue in recurrent prostate cancer

- Primary staging in high-risk disease before surgical procedures or planning RT

« Staging before and during PSMA-directed radiotherapy (mainly in mCRT)

- Targeted biopsy after previous negative biopsy in patients with high suspicion of prostate cancer
« Monitoring of systemic treatment in metastatic prostate cancer

« Biochemical relapse post radical radiotherapy Offer PSMA PET in patients with biochemical recurrence
after radical radiotherapy/brachytherapy (PSA nadir + 2 ng/ml) in patients fit for salvage local therapy
(salvageprostatectomy.

- Metastatic prostate cancer Patients being considered for 177Lu-labelled PSMA-ligand therapy, a PSMA
PET should be performed. Consider paired FDG PET to optimize patient selection.

- Increased [18F]FDG uptake seems to be more frequent in aggressive forms, aberrant histology (e.g.,
neuroendocrine), and advanced cases of metastatic castration- resistant PCa (mCRPC).

» Staging in high-risk prostate cancer

- Equivocal lesions: Consider PSMA PET in selected patients with equivocal lesions on baseline convention-
al staging investigations where management will be directly influenced by the PSMA result.

« Discordant biopsy or contraindications to biopsy: Consider PSMA PET in high-risk patients who have
discordant biopsy results (ie,negative repeated biopsy, patient refusal, or contraindication to biopsy due
to comorbidities) where exclusion of nodal or visceral metastatic disease is required

68Ga-DOTATATE PET/CT

«Assessment of neuroendocrine tumors Localization of primary tumor in patients with known metastatic
disease but unknown primary.

- Selection of patients for somatostatin receptor-targeted peptide receptor radionuclide therapy PRRT of
G1 and G2 neuroendocrine tumor, especially if negative on 111In or 99mTc somatostatin receptor imag-

ing.
- Staging of NETs before planned ‘curative’ surgery.

- Evaluation of mass suggestive of NET not amenable to endoscopic or percutaneous biopsy (e.g., ileal
lesion, hypervascular pancreatic mass, mesenteric mass).

« Monitoring of NETs seen predominantly on SSTR PET though interval of scanning needs careful thought.
For most patients a gap of 12 months between studies should be sufficient unless rapidly progressive or
in active treatment phase or determining progression pre-PRRT.

- Evaluation of patients with biochemical evidence and symptoms of NET without evidence on cross-sec-
tional imaging and without prior histologic diagnosis of NET.

- Imaging phaeochromocytomas and paragangliomas with succinate dehydrogenase (SADHD) mutation.
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