Nuclear Oncology

Remarkable responses to Bi-213-DOTATOC
observed in tumors resistant to previous therapy
with Y-90/Lu-177-DOTATOC

Case |: Shrinkage of liver lesions and bone metastases Case lI: Response of multiple liver lesions after i.a.

after i.a. therapy with 11 GBq Bi-213-DOTATOC therapy with 14 GBq Bi-213-DOTATOC
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Nanotechnology

Relative Sizes and Detection Devices

Human Wasp Hair
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Nuclear Oncology-
Clinical Application

e Tumor markers
« Radionuclide imaging

* Radionuclide therapy

Radioactivity

lph particles (He nuclei)
heavy, unstable
¢lement (¢.g. Uranium)

.p oton

@ beia particle (cleciron)

. neutron




Tumor markers

« Tumor markers are substances that can be detected
in higher-than-normal amounts in the blood, urine, or
body tissues of some patients with certain types of

. A tumor marker may be made by a tumor
itself or by the body in response to the tumor. Such a
substance serves to "mark" the tumor; it is a "tumor
marker."

Once a particular tumor has been found with a marker,
the marker may be a marvel as a means of monitoring
the success (or failure) of treatment. The tumor marker
level may also reflect the extent (the stage) of the
disease, indicate how quickly the cancer is likely to
progress and so help determine the prognosis.




Tumor markers

* Radioimmunoassay (RIA)




Tumor markers

Tumor type Tumor marker T e ey,
- i ‘  | Thyroid gland
COloreCtal Cancel oesophagus - v S 2 & . | :;)-:“(If‘bam‘m
(CEA, SCC) / Calc n’(-mm‘ (C-c F‘H:
' CEA)
Pancreas cancer | CA 19.9 b _ r / —

parvicellular; NSE (CYFRA 21-1) i

non-parvicellular: (CEA, CYFRA 21-1) “-(. : T / CA 15-3 CEA
Gastric Cancer CA 72_4 Liver/Biliary ducts \ . ‘ SlOl‘lla_Ch
AFP CA 19-9 L W CA 72-4 (CEA)

Bladder i { Pancreas
o ;I; . \. -
Uterus / £ Colorectal
SCC (CEA) f R CEA (CA 19-9)
Lung cancer Cyfra 21-1 e $ 090 " e
PSA D CA 125 (CA 72-4)
Breast cancer CA 153 Testes { Multiple Myeloma
AFP HCG : “" \ | B.-Microglobulin

Ovary cancer CA 125




Colon cancer

CEA CURVE
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Clinical Application of
Nuclear Oncology

« Radionuclide
Imaging

* Radionuclide
therapy
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What Next?




PET/SPECT

Where is Waldo?
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Overview of tumor Scintigraphy

e Tumor-type specific radionuclides
—Thyroid cancer: I-131or I-123

—Catecholamine-secreting tumors: I-131 or I-123 MIBG
—Somatostatin receptor imaging

—Radioimmunodetection
—PET (F-18 DOPA, Ga-68 DOTA peptides, etc.)

» Non-specific tumor imaging radionuclides
—Ga-67
—TI1-201
—Tc-99m sestamibi
—Lymphoscintigraphy
—PET (F-18 FDG, C-11 acetate, F-18 choline etc.)




_Mechanism of thyroid uptake




Differentiated thyroid carcinoma

Diagnostic scan 11 Days Post

I"'1 23 |-1ﬂ1 2 mCi 100 mCi Rz




Catecholamine-secreting tumors

« MIBG i1s an analog of guanethidine, and shares some
characteristics with the adrenergic hormone-
neurotransmitter, norepinephrine.

« Norepinephrine 1s synthesized and stored in adrenergic
granules, and 1s secreted by exocytosis. Some of the
norepinephrine 1s secreted and stored again in granules.

[-123 or I-131 MIBG can enter the metabolic pathway of
norepinephrine, in organs with adrenergic innervation, and
in organs that process catecholamines for excretion, such
as the liver and urinary bladder.

norepinephrine




Catecholamine-secreting tumors

Adrenal Gland

Adrenal gland

POST

Ist DAY

I-131 MIBG study demonstrating high uptake in a left adrenal phaeochromocytoma




Catecholamine-secreting tumors

A 47-year-old woman with
malignant
pheochromocytoma
underwent diagnostic low-
dose I-123 MIBG

| scintigraphy. In the planar
image, it is difficult to
determine whether the
abnormal uptake in the
right upper abdomen
exists in the right rib or in
the liver. In the SPECT/CT,
it is proved that the
abnormal accumulation
exists in the liver.




Catecholamine-secreting tumors

A 54-year-old woman with
malignant paraganglioma
underwent diagnostic 1-123
MIBG scintigraphy. In the
planar image, it is easy to
point out the abnormal
accumulation in the lower
abdomen (narrow arrow),
however, it is difficult to
detect the abnormal uptake
beside the bladder (wide
arrow) because of
physiological accumulation
in the bladder. In the
SPECT/CT, it is easy to
detect the abnormal MIBG
accumulation corresponding
to the nodular lesion in the
left side of the bladder.




Catecholamine-secreting tumors

A 10-year-old boy with
neuroblastoma
underwent 14.8 GBq (400
mCi) of I-131 MIBG
therapy. In the planar
image with diagnostic I-
123 MIBG, only 3
abnormal uptakes were
detected in the upper
mediastinum, left lower
abdomen, and left thigh.
In the planar image with
therapeutic high-dose I-
131 MIBG, total of 13
abnormal uptakes were
detected in the left
shoulder, mediastinum,
vertebrae, upper and
lower abdomen, and in
the left thigh.




Somatostatin receptor imaging

« SOMATOSTATIN i1s a small peptide
hormone of 14 amino acids.

OCTREOTIDE 1s a somatostatin
analogue consisting of eight amino acids.
Positive 1n islet cell tumors, carcinoids,
paraganglionomas, gastrinoma,
medullary thyroid carcinoma, small cell
lung cancers (NEUROENDOCRINE
TUMORNS).

Might help in patient selection for
clinical trails with somatostatin analogs
in the treatment of neuroendocrine

Cancers.




Peptide receptor targeting

In-111-DTPA-octreotide




Radioimmunodetection (CEA-Scan)

Intact Antibody F(ab'), Fragment Fab' Fragment CEA-Scan
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What 1s CEA-Scan?

® A murine monoclonal
antibody Fab’ fragment.

®* When labeled with
technetium-99m provides
imaging of CEA expressing
tumors.




Radioimmunodetection (CEA-Scan)

ANT 21 hours ANT 24 hours
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Overview of tumor scintigraphy

* Tumor-type specific radionuclides
—Thyroid cancer: I-131or I-123

—Catecholamine-secreting tumors: I-131 or I-123 MIBG
—Somatostatin receptor imaging

—Radioimmunodetection
—PET (F-18 DOPA, Ga-68 DOTA peptides, etc.)

* Non-specific tumor 1imaging radionuclides
—Ga-67
—T1-201
—Tc-99m sestamibi
—Lymphoscintigraphy
— PET (F-18 FDG, C-11 acetate, etc.)




(Ga-67 scan

e Mechanism of tumor
localization

Adequate blood supply
Vascular premeability

Specific tumor-
associated transferrin
receptor

— Tumor metabolism

Biological behavior: similar
to ferric 1on

Binding to iron-binding
molecules, including
transferrin, lactoferrin,
ferritin, siderophores

Lysosome




(Ga-67 scan

Normal Gallium Scan Lymphoma Sarcoidosis




T1-201 chloride tumor scan

Thallium-201: a potassium
analog

Factors determining tumor
cell uptake:

eBlood flow

e Tumor viability (Sodium-
potassium ATPase system)

e Tumor type (Kaposi's
sarcoma, gallium-negative)

Clearance by kidney, half-life:
73 hrs

Cell membrane

'.‘;\
b

Extracellular fluid with high

- % concentration of Na*
; Hay 3
< 3
’
s -//

| The sodium-potassium pump

L /I"" Sodium ions (Na*) are pumped out

of the cell and potassium ions (KY)

. ATP: are pumped into the cell.

The energy to drive the pump is
released by hydrolysis of ATP.

%
‘%
* Intracellular fluid with

low concentration of Na*
and high concentration of K*




T1-201 chloride tumor scan

AIDS patient with Kaposi’s sarcoma of the skin

(A) T1-201 (+)

(B) Ga-67 (-)

Focal pulmonary Kaposi’s sarcoma in left upper lobe

AIDS patient with pneumocystic
carinii pneumonia.

(A) CXR: bilateral hilar
congestion and diffuse interstitial
markings

(B) Ga-67: increased uptake
involving both upper lung zones
with less uptake in

lower lung zones

Cardiac lymphoma.
(A) TI-201: a defect in the anterior wall
(B) Ga-67: heart, left lobe of liver, left epigastric mass




Tc-99m sestamibi

A lipophilic cationic complex
— tumor imaging characteristic similar to T1-201
— Localize in the mitochondria
Factors determining tumor cell uptake:
Blood flow
Tumor viability
Tumor type
Lipophilic cation
brain tumors, breast cancer, primary bone or soft tissue
sarcoma
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Breast cancer relative survival by size of cancer

Mammography MBI

Sensitivity = 85%; specificity = 89%

< 15 mm sensitivity = 55% To.... SMALL system with significant ability to detect ~5mm breast lesions

From... LARGE system with limited ability to detect 15-20mm breast lesions
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FIGURE 41. 3D volume rendering of CT of arteries in the neck, thyroid gland,
and enlarged parathyroid gland from the anterior (left) and posterior (right)
projection in a female patient with a parathyroid adenoma and follicular
adenoma of the thyroid. Normal thyroid is seen in yellow. The gray area is a
thyroid adenoma with a superior thyroid artery feeding vessel. In the posterior
view, the parathyroid adenoma is light green and a feeding vessel is visualized
coming off the internal mammary artery from the brachiocephalic trunk.




Lymphoscintigraphy

* Sentinel lymph node.

Figurel
Blaod Vessel

Crow i},‘:% ﬁ::ug ﬁgﬂ gﬁmﬁﬁlﬂ Wall Sentinel Lymph Node
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Lymphoscintigraphy

Tracer injected into the tumor or
surrounding tissue to identify the
nodes receiving the lymphatic
drainage of that tumor

Tracers:

o "mTc-sulfur colloid,

o PmTc-phytate

Injection type:

e intradermal

e Peritumoral

e periareolar

To localize the proximal or initial
portion of the lymphatic chain,
efferent from the tumor, for
subsequent surgical excision and
histologic diagnosis

Axillary Iymph Hode:

Ind arnal Matrnary Lymph Hodes
SentinelLymph
Node '

Figure 3
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Positron Emission Tomography

Cyclotron: Produces proton rich radioactive isotopes

Radioisotopes:
half life: 2hrs 20 min 10 min 2 min 68 min

Radiochemistry: less than 3 half lives
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PET TRACERS in Oncology

DNA Synthesis G Cell membrane
[8F]FLT, [8F]FUdR. ['1C]choline, ["*F]FECh...

Cytoplas @

m
tabolisif™®

(A)Glucose
[°FIFDG
(B)Protein synthesis
["*F]FET, ['1"C]Methionine
(C)Biosynthesis
["'C]acetate...

[ | Tumor marker
Specific ligand, e.g. [\F]FES



[18F]FDG
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canning rrocedure

1.Radiopharmaceuticals

2. Injection of




FDG PET vs. Ga-67 scan

2007/03/09 2007/03/23

Ga-67 scan




FDG PET vs. I-131 scan

131] 18ppg
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FDG-PET/CT

IDC in the rib due to better lesion characterization.
difficult to characterize as axillary, rib, or other
lesions on PET alone.

Fusion

European Journal of Nuclear Medicine and
Molecular Imaging Vol. 33, No. 3, March 2006




PET in Oncology

assessment

complete
response
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R [ — : assessment every
partial or no response 6 months
followup

During initial evaluation

DDx benign from malignant lesion . Determining effect of Documenting recurrence
Determining degree of malignancy therapy Monitoring progression
Staging - Restaging Restaging

Assessing prognosis after therapy




PET indications on NCCN

Cancer Stage  Stagel Stage  Stage  Stage IV Response Response  Recurrence
0 II 1 Preoperative  Post C/T

Esophagus 27A 2A X 2B 2B 2A

Breast (except X 2B X 2B X X
Paget’s,
phyllodes)

Colon 27A 2A

Melanoma 27A 2B for local,

nodal

2A for distant
Lung (NSCLC) 27A

Thyroid X A

Head&neck 27A
(oral, pharynx,
larynx)
Cervix Optional except A
B2 (2A) except [VB

Lymphoma 2A 2A
(Hodgkin)




Ovarian cancer

# @ -l
- PG DL
20 PET/CT 2006.097 | Pathology 2006.09
25 25
12 20
L !
< 15 12.8
o 9.3
8.3
10 - 57 61 6.8 53 4.98
5 AoS 067 = 42 ,,9 32 31 367 417 405 o
ale
L J

2006.04 2006.06 200608 2006.08 2008.10 2006.10 2006.11 2006.12 2007 01 2007 .02 2007 04 2007 052007 06 2007 08 2007 092007 11 2007 12 2008.01 2008.04 2008.08



Serum tumor markers and FDG-PET/CT
for detection of recurrent cancer

PET/CT
95.0731

040622 941005 1226 950412 950717 951026




Clinical Application of
Nuclear Oncology
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e Tumor markers
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* Radionuclide
Imaging

* Radionuclide
therapy




Radionuclide therapy

Tumor type

Radiopharmaceutical

Differentiated thyroid carcinoma

[-131

Catecholamine-secreting tumors

[-131 MIBG

Neuroendocrine tumors

In-111 Octreotide, Y-90 DOTATOC,
Lu-177 DOTATATE

Lymphoma

Colon cancer

Y-90 Zevalin
Sm-153 CEA, Lu-177 CEA, Y-90 CEA

Liver tumor

Y-90 Microsphere

Palliation of bony metastasis

P-32, Sr-89, Sm-153 EDTMP, Re-186
HEDP, Ra-223

Polycythemia vera

P-32




Differentiated thyroid carcinoma

I-131uptake in primary differentiated
thyroid carcinoma (arrow) and in rib
and pelvic metastases (arrowheads)

Cumulative death (%)

Less than
near-total
thyroidectomy

Near-total
or total
thyroidectomy

Cumulative death (%)

Less than near-total
thyroidectomy

" Near-ota or totl

thyroidectomy

0

436

0

698

2
181
1

365 314

Years after initial therapy

l

P =0.03

/ Radioiodine

T

20

i3
385
2. 0
152 115

Years after initial therapy




Radioiodinated MIBG Therapy

A 36-year-old female with a
history of carotid body
paraganglioma in 1997 with
metastases to the skull,
sternum and abdomen in
2006. She underwent
surgical removal of T12
vertebral lesions, base of
skull metastases and
abdominal metastases. The
patient was diagnosed with
sternal metastases in 2007.
The patient was treated with
428 mCi of MIBG (11.6
GBq). Anterior and
posterior images obtained 1
week after the therapy dose
are shown.




Peptide receptor targeted therapy

In-111DTPA-Octreotide at 24h images

- «

Lu-177-DOTA at 1 d images




Non-Hodgkin lymphoma

What is Zevalin?

SNM 2009 Image of the Year

Zevalin (radio-immunoconiugato)

cellula di linfoma
CD20-positva

anticorpo

anti-CD 20

A monoclonal antibody that
recognizes a special molecules

that called CD20 on the surface
of lymphoma cells.




Y-90 microspheres
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Y-90 microspheres

045 0 055 660 065 0% O%
Hazard ratio Rez:no Rez

Received radioembolization (Rez)

Standard Care

L 1 L L i

proportion surviving

Logrank: p < 0.001
(adjusted p<0.001)
)

0.0
0 6 12 18 24 30 36
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Alpha Emitter Radium-223 1n

Metastatic Prostate Cancer
Ra 2 2 3 Radium Targets Osteoblastic Bone Metastases FEER

by Acting as a Calcium Mimetic
100

o Hazard ratia, 0.70 (95% CI, 0.58—0.83)
1 1 4 3 d H i Radium’s Place on the Periodic Table of Elements* S0 P (L0011
.

hydrogen B poor metals

3 * s & 7 8 L]
Li Be alkali metals nonmetals B C N O F 704
a 5.7/162, 5.6067 ... T— DN M mktee o - e
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Survival (%)
&
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1 0 3 5 9 12 15 18 21 24 IF 30 33 36 39
NOW [*8F] FDG PET/CT at Baseline and After T ! e " -
AVAILABLE 2 Injections of Ra-223 Manths since Randomization
Mo. at Risk
Strontium Chloride Baseline aseiiis e Radium-223 614 575 504 369 274 178 105 60 41 18 7 1 O O
; i E Bone Scan 1] FDG PET e Placeba 307 286 226 157 103 6F 39 24 14 T 4 2 1 O
Sr-89 Injection ol =
LUSP o o B Time to First Symptomatic Skeletal Event
1 = . = 100- pepasy
. . 5 Hazard ratia, 0.66 {95% CI, 0.52-0.83)
2 o2~ Response ¥ Eed P 0.001
FOA Approved Rodiopharmaceution] indicated for the relief of bane _'- - > € E B | Rad LIE“I-EES
T ———— > NoResponse £F o (median time to first symptomatic
\ - E o i skeletal event, 15.6 ma)
_ F 8 W a5 5
F Baseli Baseline Fused [**F] F-DG PET/CT After 2 =T 50+
3 aseline use er b A, il
b 4 ® - Fused SPECT/CT Fused ['*F] FDG PET/CT Injections of Ra-223 -_E: EI; 40 Pla __-:'-b_ |
: 75 | imedian time to first symptomatic -_———
Bgy 30 skeletal event, 9.8 moj) S
2 “a - H i

Response

T T T T T T T 1
] 9 12 15 18 21 24 7 30

——— o
No Response

Manths since Randomization

Mo. at Risk
Radium-223 614 496 342 199 120 &3 31 B I o
Placebao o7 211 117 36 36 20 9 T 4 1 o

Images obtained after 2 injections of Ra-223 showed a significant decrease (2 25%
decrease of SUV,,,, from baseline) in [**F] FDG uptake intensity in multiple bone mets
located in the thoracic and lumbar spine, indicating a partial boli

response at the level of the tumor cells early during Ra-223 therapy.

Figure 1. Kaplan— Meier Estimates of Overall Survival and the Time
to the First Symptomatic Skeletal Event.

Fig. 5. Comparison of the images obtained after Te-MDP {A) or *radium on day 0(B1). day 2 (B2) or day 6 (B3).
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