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…Diagnostic (Imaging) and Therapy with the same radiopharmaceutical…

Theragnostics is the better term ! In 
theranostics the second part of the word 
“nostics” refer more to the disease than 
diagnostics 
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Is tumor heterogeneity in cancer a problem?

original population [20]. Observation of single-cell dynamics with the
help of microfluidic devices has linked persistence with reduced
proliferation rates [21]. Thus, explanation of heterogeneity in both
growth rates and resistance to cytotoxic agents needs not to involve
stem cells.

The existence of similar heterogeneity has also been demonstrated
in mammalian cells. Normal and cancer cell lines display substantial
heterogeneity in timing of apoptotic response to TRAIL ligand. This
heterogeneity does not depend on genetic or epigenetic mechanisms
but is instead caused by apparently noise-driven differences in levels
of protein expression [22]. Plasticity of tumor cell phenotype is not
limited to apoptotic response. For example, genetically homogeneous
tumor cell lines display morphological heterogeneity, as mixtures of
immotile, rounded cells and motile, fibroblast-like ones can be found
both in vitro and in vivo. In this case, the phenotypic differences result
from different, mutually exclusive, and inter-convertible activation of
Rac and Rho GTPases [23].

Concepts of cancer stem cells and phenotypic plasticity need not to
be mutually exclusive. Even if the majority of tumor cells in some (or
many) cancers are incapable of sustained proliferation and, therefore,
can be described as non-stem cells, the stem cell compartment can
still be phenotypically diverse and plastic. The subjects of tumor stem
cells and stem cell plasticity constitute a focus of very intensive
research; therefore, it is likely that some of the current controversies
will be resolved relatively soon. Regardless of the outcome of the
cancer stem cell debate, it is likely that non-heritable mechanisms are
responsible for a large fraction of intra-tumor heterogeneity of cellular
phenotypes.

3. Heritable heterogeneity

3.1. Intra-tumor clonal diversity

Non-heritable mechanisms of cellular heterogeneity, however,
cannot be the only contributors to the diversity of tumor cell
phenotypes. Cancers are not static entities: they start from a
genetically normal cell and conclude with billions of malignant cells
that have accumulated large numbers of mutations in “driver” and
“passenger” genes [24].

For the sake of simplicity, tumor evolution is often depicted as a
clean succession of clonal expansion rounds, where every new round
is driven by the acquisition of an additional mutational event, which
leads to a selective sweep (Fig. 1A). This depiction aptly conveys the
sequence of the key mutations that drive tumor progression, as
viewed on the macroscopic scale from the endpoint of a malignant
tumor. However, this depiction is unlikely to reflect the dynamics of
tumor evolution at the more fine scale. The acquisition of mutations is
a stochastic process, and there is no choreographer to determine
which mutation should occur next so that the tumor can progress to
the next stage. Instead, randommutations are constantly produced as
a result of proliferation and increased genomic instability and then
“tested” by Darwinian selection. Only minority of random mutations
are selectively advantageous, while a large fraction of mutations will
be discarded by selection. Furthermore, many neutral or even mildly
disadvantageous mutations can be retained in the population or even
undergo some expansion due to genetic drift. Moreover, the long-
term evolutionary success of mutations providing a positive selective
advantage is not granted. Darwinian selection is context-specific and
oblivious to the future. As a consequence, some of the mutations that
are selectively advantageous at certain stages of tumor progression
and can trigger substantial clonal expansion may lead to evolutionary
dead ends and, therefore, may not be present in a fully malignant
tumor. The complexity of tumor evolution is further influenced by the
ongoing alterations of tumor microenvironment associated with
tumor progression [25], which are likely to alter the selective
pressures experienced by tumor cells. Therefore, at the microscopic

level, tumor evolution is likely to be non-linear, and substantial
genetic heterogeneity is expected in tumor cell populations (Fig. 1B).

It is useful to distinguish cellular genetic heterogeneity from clonal
genetic heterogeneity [26]. The former refers to genetic differences at
the level of single tumor cells, whereas the latter refers to genetic
differences that have been amplified by clonal expansion. Focusing on
clonal heterogeneity instead of cellular heterogeneity eliminates
some of the “noise” of tumor evolution, as many of the variants
detectable at the level of individual cells fail to clonally expand
because of their occurrence in a cell that has lost stem cell properties,
unfavorable effects on fitness, or simple stochastic reasons. However,
“clonal heterogeneity”will not necessarily be completely “noise-free,”
as clonal expansion does not necessarily prove the selective value of a
mutation.

It should also be noted that, from a perspective of selection
operating in the evolution of tumors, stable, heritable changes in gene
expression due to epigenetic alterations are indistinguishable from
similar changes caused by alterations in DNA sequences. Silencing of
gene expression by hypermethylation of promoter regions is
frequently observed in cancers [27]; therefore, heritable epigenetic
changes should be included in considerations of clonal heterogeneity.

The existence of clonal heterogeneity has been documented for a
variety of malignancies, including leukemias [28]; breast [11,29–34],
prostate [35–37], colon [38–40], brain [41,42], esophagus [26], head
and neck [43], bladder [44], and gynecological carcinomas [45];
liposarcoma [46]; and multiple myeloma [47]. Thus, the experimental
evidence for clonal heterogeneity is overwhelming. However, due to
multiple technical challenges, the available data are mostly fragmen-
tary and likely represent only the “tip of the iceberg,”with the extent of
clonal heterogeneity and the dependence of clonal heterogeneity on
tumor type, subtype, and disease stage remaining mostly unexplored.

Fig. 1. Schematic view of monoclonal and multiclonal models of tumor progression.
Increasing color intensity correlates with tumor progression, whereas different colors
reflect different clones. (A) Traditional, linear model of clonal succession, where
progressive mutations in oncogenes and tumor suppressor genes drive linear
succession of rounds of clonal expansion, manifested as tumor progression. (B)
Multi-clonal model of tumor progression: although all cells in tumors originate from a
single initiated cell, the evolution of the tumor is more “messy”, with genetically
divergent tumor clones co-existing within tumors for substantial periods of time. The
population sizes and characteristics of clones change as tumors evolve, with some clone
populations expanding in size and others remaining unchanged or becoming extinct. In
advanced stages of tumor evolution, tumors might become dominated by single clones.
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Intratumor heterogeneity fosters tumor evolution/adaptation and hinders personalized-
medicine strategies that depend on results from single tumor-biopsy samples
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Background
Intratumor heterogeneity may foster tumor evolution and adaptation and hinder 
personalized-medicine strategies that depend on results from single tumor-biopsy 
samples.

Methods
To examine intratumor heterogeneity, we performed exome sequencing, chromosome 
aberration analysis, and ploidy profiling on multiple spatially separated samples ob-
tained from primary renal carcinomas and associated metastatic sites. We character-
ized the consequences of intratumor heterogeneity using immunohistochemical analy-
sis, mutation functional analysis, and profiling of messenger RNA expression.

Results
Phylogenetic reconstruction revealed branched evolutionary tumor growth, with 63 to 
69% of all somatic mutations not detectable across every tumor region. Intratumor 
heterogeneity was observed for a mutation within an autoinhibitory domain of the 
mammalian target of rapamycin (mTOR) kinase, correlating with S6 and 4EBP 
phosphorylation in vivo and constitutive activation of mTOR kinase activity in vitro. 
Mutational intratumor heterogeneity was seen for multiple tumor-suppressor genes 
converging on loss of function; SETD2, PTEN, and KDM5C underwent multiple dis-
tinct and spatially separated inactivating mutations within a single tumor, suggesting 
convergent phenotypic evolution. Gene-expression signatures of good and poor prog-
nosis were detected in different regions of the same tumor. Allelic composition and 
ploidy profiling analysis revealed extensive intratumor heterogeneity, with 26 of 30 tu-
mor samples from four tumors harboring divergent allelic-imbalance profiles and with 
ploidy heterogeneity in two of four tumors.

Conclusions
Intratumor heterogeneity can lead to underestimation of the tumor genomics landscape 
portrayed from single tumor-biopsy samples and may present major challenges to 
personalized-medicine and biomarker development. Intratumor heterogeneity, asso-
ciated with heterogeneous protein function, may foster tumor adaptation and thera-
peutic failure through Darwinian selection. (Funded by the Medical Research Council 
and others.)
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tion through loss of SETD2 methyltransferase func-
tion driven by three distinct, regionally separated 
mutations on a background of ubiquitous loss of 
the other SETD2 allele on chromosome 3p.

Convergent evolution was observed for the 
X-chromosome–encoded histone H3K4 demeth-
ylase KDM5C, harboring disruptive mutations in 
R1 through R3, R5, and R8 through R9 (missense 

and frameshift deletion) and a splice-site mutation 
in the metastases (Fig. 2B and 2C).

mTOR Functional Intratumor Heterogeneity
The mammalian target of rapamycin (mTOR) ki-
nase carried a kinase-domain missense mutation 
(L2431P) in all primary tumor regions except R4. 
All tumor regions harboring mTOR (L2431P) had 
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C Phylogenetic Relationships of Tumor Regions D Ploidy Profiling
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tion through loss of SETD2 methyltransferase func-
tion driven by three distinct, regionally separated 
mutations on a background of ubiquitous loss of 
the other SETD2 allele on chromosome 3p.

Convergent evolution was observed for the 
X-chromosome–encoded histone H3K4 demeth-
ylase KDM5C, harboring disruptive mutations in 
R1 through R3, R5, and R8 through R9 (missense 

and frameshift deletion) and a splice-site mutation 
in the metastases (Fig. 2B and 2C).

mTOR Functional Intratumor Heterogeneity
The mammalian target of rapamycin (mTOR) ki-
nase carried a kinase-domain missense mutation 
(L2431P) in all primary tumor regions except R4. 
All tumor regions harboring mTOR (L2431P) had 
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tion through loss of SETD2 methyltransferase func-
tion driven by three distinct, regionally separated 
mutations on a background of ubiquitous loss of 
the other SETD2 allele on chromosome 3p.

Convergent evolution was observed for the 
X-chromosome–encoded histone H3K4 demeth-
ylase KDM5C, harboring disruptive mutations in 
R1 through R3, R5, and R8 through R9 (missense 

and frameshift deletion) and a splice-site mutation 
in the metastases (Fig. 2B and 2C).

mTOR Functional Intratumor Heterogeneity
The mammalian target of rapamycin (mTOR) ki-
nase carried a kinase-domain missense mutation 
(L2431P) in all primary tumor regions except R4. 
All tumor regions harboring mTOR (L2431P) had 
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v Genomic analysis from 
single tumor-biopsy 
underestimates the 
mutational burden of 
heterogeneous tumors

v A single tumor-biopsy 
reveals a minority of 
genetic aberrations 

v Such spatially diverse 
somatic mutations alter 
pathway activity 
suggesting the need of 
multiregional analyses to 
predict the therapeutic 
outcome”

So heterogeneity in space and time !!!
5

Imaging of Hallmarks of Cancer Biology: 
a real time visualization of intratumor 

“biomarkers” with radiopharmaceuticals

Alam IS et al., Eur J Nucl Med Mol Imaging, 2015
Van den Abbeele AD, Theranostics Consensus Conference 2018

Intratumor heterogeneity: an opportunity for radiopharmaceuticals

6
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Molecular Imaging as a pharmacodynamic biomarker

Metabolic response 
precedes 

anatomic response

Clinical benefit is 
obtained

regardless of tumor 
shrinkage

Van den Abbeele AD, Ertuk M. PET Clin. 2008;3(1):77-87.

EARLY ASSESSMENT OF THERAPEUTIC EFFICACY

7

PRECISION MEDICINE
an emerging approach for disease treatment and prevention that takes into
account individual variability in genes, environment, and lifestyle
among individuals.

PERSONALIZED MEDICINE
a term used for the treatment focusing on the patients based on their
individual clinical characterization, considering the diversity of symptoms,
severity, and genetic traits.

Modern Medicine: where are we?

8
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US Precision Medicine Initiative 

“I want the country that eliminated polio and mapped the 
human genome to lead a new era of medicine — one that 
delivers the right treatment at the right time. In some patients 
with cystic fibrosis, this approach has reversed a disease once 
thought unstoppable. Tonight, I'm launching a new Precision 
Medicine Initiative to bring us closer to curing diseases like 
cancer and diabetes — and to give all of us access to the 
personalized information we need to keep ourselves and our 
families healthier.”

President Barack Obama, State of the Union Address, January 20, 2015

9

Molecular Imaging as a virtual biopsy of cancer biology hallmarks

Van den Abbeele AD, Theranostics Consensus Conference 2018

10
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SO .. WHAT IS TERAGNOSTIC ?

11

..So what is TERAGNOSTIC ?

Gomes Marin JF, et al. 2020;40(6):1715-1740.

12
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~Twenty years ago PET/CT + SPET/CT

~Seven years ago PET/MRI

~Present Digital PET

~Future New PET tracers, new theranostic compounds
+ Artificial intelligence and machine learning

131I1940
124I
123I

13

Neuroendocrine Tumors
• 72% gastrointestinal tract (particularly midgut and pancreas)
• 25% broncopolmunary system
• ~3% others: head and neck, prostate, others…

• Asymptomatic for years … late stages … metastatic or locally advanced
• Variable response to the same therapy

• Anatomic location ?
• Local invasion of adjacent 

structures ?
• Tumor functionality ?
• Histologic tumor grading ?
• Staging ?
• SSTR status ?

3 GRADES (WHO)
• Cell proliferation
• Number of mitoses
• Expression of nuclear 

antigen Ki-67

Which Treatment ?
G1 (Ki-67 <2%)
G2 (Ki-67 3-20%)
G3 (Ki-67 >20%)

Poorly 
differentiated 
carcinomas (NECx, 
small and large 
cells)

14
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8

1. Diagnosis
2. Staging and Restaging (superior to CT and MR) 
3. Planning PRRT (Peptide Receptor Radionuclide Therapy)
4. Response to treatment
5. Prognosis

Role of Nuclear Medicine in NETs ?

• N. Naswa, P. Sharma, A. Kumar, et al.Gallium-68-DOTA-NOC 
PET/CT of patients with gastroenteropancreatic
neuroendocrine tumors: a prospective single-center study 
Am J Roentgenol, 197 (2011), pp. 1221-1228

• D. Putzer, M. Gabriel, B. Henninger, et al.Bone metastases in 
patients with neuroendocrine tumor: 68Ga-DOTA-Tyr3-
octreotide PET in comparison to CT and bone scintigraphy
J Nucl Med, 50 (2009), pp. 1214-1221

• M. Gabriel, C. Decristoforo, C. Kendler, et al.68Gallium-DOTA-
Tyr(3)-octreotide PET in neuroendocrine tumors: 
comparison with somatostatin receptor scintigraphy and 
computed tomography J Nucl Med, 48 (2007), pp. 508-518

15

SSTR binding affinity of 68Ga-sstr-ligands

16
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17

Physiologic uptake of 68Ga-DOTA-X in …

17

modified from Gabriel et al. (84 pz) - J Nucl Med. 2007 Apr;48(4):508-18. 

CT: negative for bone metastases…

SPET (111In-Pentetreotide) PET (68Ga-DOTATOC)

…So .. technological differences in SPET/PET systems matters !
J Nucl Med 2016; 57:708–714

Sens Spec PPV NPV

18
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19

+

++

-

-
GROUP 1:
[18F] FDG always 
negative

20
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++

++

+

++
GROUP 2:
[18F]FDG always 
positive

21

++

++

-

++

GROUP 3:
[18F]FDG negative 
initially but positive 
during follow up

22
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DUAL TRACER APPROACH (ALSO in FOLLOW UP) !
[68Ga]SSTR Imaging + [18F]FDG

1) High grade poorly differentiated NET could have a low expression of
SSTR

2) High uptake of FDG correlates strongly with more aggressive tumor and
higher risk of progression

3) SSTR expression could vary longitudinally
4) Also G1 and G2 NET could be [18F]FDG positive

Why a dual tracer approach ?

So when [68Ga]SSTR Imaging + [18F]FDG:
In high grade NET G2 and NET G3 (NECs) ! 

(G1, low grade G2 … ?) 

23

+ - - +

Mixed cases?

24
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A role for [18F]DOPA ?

• Medullary thyroid carcinoma
• Jejuno-ilial NEN (midgut)
• Neuroblastoma
• Pheochromocytoma
• Abdominal paraganglioma

1) Low/variable SSTR expression (neuroectodermal tumours)

2) Catecholamine 
metabolic pathway

25

+ FDG

26



19/12/22

14

Cecchin D. et al

111In-Octreo. 68Ga-DOTA. [177Lu-DOTA0,Tyr3]-Octreotate + SDHB immunohistochemistry

27

28
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TERAGNOSTICS: NET INDICATIONS
• Usually after failing first line medical therapy (es cold compounds)
• Well differentiated or moderately differentiated NET (Grade 1 or 

Grade 2 WHO)

• Ongoing multicenter 
studies on G3 (NECs)

PRRT could be 
considered: Ki-67 <=55% 

(G3) (Thang et al.)

29

> Overall 
and 

progression 
free survival

30
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Sr-89
Y-90
I-131

Sm-153
Lu-177

At-211
Bi-213
Ra-223
Ac-225

Kratochwil C, et al. Eur J Nucl Med Mol Imaging. 2014 Nov;41(11):2106-19. 

Beta radiation

Alpha radiation

Beta radiation

Alpha radiation

Beta or Alpha radiation (?) …leads to DNA damage in radionuclide therapy

31

TERAGNOSTICS: NET
90Y-DOTA-TOC/TATE 
(beta range ~12 mm)

2.7-4.4 GBq every 6-12 weeks

2-4 cycles 

177Lu-DOTA-TOC/TATE 
(beta range   ~2 mm)
More favorable kidney Tox.

5.5-7.4 GBq every 6-12 weeks

3-5 cycles

A number of protocols including:
• Combination of 90Y-DOTA-TOC/TATE  and 177Lu-DOTA-TOC/TATE
• Cold somatostatin analogs between cycles (at least 4 weeks apart from radioactive 

cycle)
• A number of radiosensitizing chemotherapy combinations

32
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TERAGNOSTICS: NET - EFFICACY

• Randomized, controlled trial evaluated the efficacy and safety of lutetium-177 (177Lu)–Dotatate
in (229) patients with advanced, progressive, somatostatin-receptor–positive midgut 
neuroendocrine tumors.

• 177Lu-DOTATATE Vs octreotide LAR alone (113 patients) administered intramuscularly at a 
dose of 60 mg every 4 weeks (control group). 

• Response rate was 18% in the 177Lu-Dotatate group versus 3% in the control group (P<0.001) 

• 14 deaths occurred in the 177Lu-Dotatate group and 26 in the control group (P=0.004) 

33

The aim of NETTER-2 is to determine if Lutathera in combination with
long-acting octreotide prolongs PFS in GEP-NET patients with high
proliferation rate tumors (G2 and G3), when given as a first line
treatment compared to treatment with high dose (60 mg) long-acting
octreotide. Somatostatin analog (SSA) naive patients are eligible, as
well as patients previously treated with SSAs in the absence of
progression

.              ONGOING ….

34
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TERAGNOSTICS: NET -TOXICITY

Nephrotoxicity:
• Any CTCAE (Common terminology Criteria for Adverse Events): 34.6

(Bodei); 30.4% (Rodriguez)
• GRADE 3-4: 1.5% (Bodei on 807 patients); 1/102 (Rodriguez)

…renal radiation could be reduced by coinfusion of aminoacid during
PRRT..

Very, very Few cases of leukopenia, thrombopenia or hematotoxicity !

35
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1

2

3

4
5

37

[64Cu]Cu-SARTATE     - [67Cu]Cu-SARTATE 

[64Cu]Cu-SARTATE= T1/2 : 12.7 hr (compared with 68Ga: 68 min  ~ 1 hr)
Mean effective dose 0.0454 mSv/MBq (SARTATE) vs 0.023 mSv/MBq (DOTA)

[64Cu]Cu-SARTATE[68Ga]DOTATATE
1 hr 30 min 1 hr 4 hr 24 hr

>~= 1. High late retention in tumor and 

clearance from liver (better lesion 

detection, improved sensitivity..)

2. Prospective dosimetry for 67Cu-

sartate

3. T 1/2 would allow distribution  to 

sites (as compared to 68Ga..)

4. Production by cyclotron

1

38
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SSTR ANTAGONISTS (NODAGA-JR11; DOTA-JR11)         - [177Lu]Lu-DOTA-JR11 
WHY ?
• Higher number of SSTR-bidings
• Are not internalized
• Could have lower dissociation rate

[68Ga]Ga-OPS202 (Nogada-JR11)    vs    [68Ga]Ga-DOTATOC 

2
[68Ga]DOTATOC[68Ga]-OPS202

Higher tumor to background ..  Higher detection rate !

Mean effective dose:
0.024 mSv/MBq (Nogada)
0.023 mSv/MBq (DOTA)

39

Quantitation of in vitro receptor autoradiography experiments with various types of human cancers (ileal carcinoid, 
pheochromocytoma, breast carcinoma, renal cell carcinoma, and non-Hodgkin lymphoma) using 177Lu-

DOTATATE and 177Lu-DOTA-BASS as radioligands. Renzo Cescato et al. J Nucl Med 2011;52:1886-1890

Copyright © Society of Nuclear Medicine and Molecular Imaging

Agonist

Antagonist
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NB: “…a 50-mg peptide mass is identical to a pharmacologically active dose of octreotide (which has 
an affinity for sstr2 similar to that of NODAGA-JR11). In patients with hormone-secreting tumors 
treated with octreotide, injection of 68Ga-NODAGA-JR11 may antagonize the inhibitory effects of 
octreotide on hormone secretion.” so .. “slow intravenous … for safety reasons”..

Markedly more LIVER metastases were detected:
Antagonists: 68Ga-NODAGA-JR11 94%
Agonist: 68Ga-DOTATOC 59% 

Nicolas GP, Schreiter N, Kaul F, et al. Sensitivity comparison of 68Ga-
OPS202 and 68Ga-DOTATOC PET/CT in patients with 
gastroenteropancreatic neuroendocrine tumors: a prospective phase II 
imaging study. JNuclMed. 2018;59:915–921.

Invited perspective 

NB: “…68Ga-DOTATOC also binds to sstr5 and to a lesser extent sstr3, whereas 68Ga-NODAGA-JR11 
is a pure sstr2 ligand. Differences in bio-distribution and tumor uptake may therefore reflect not 
only differences between their agonistic and antagonistic properties but also differences in the SSR 
binding profile”..

41
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Rationale: C-X-C motif chemochine receptor overexpressed in 
more aggressive and de-differentiated NENs

[68Ga]Pentixafor - [177Lu]Pentixather

“…in poorly differentiated NEC … 
68Ga-Pentixafor PET/CT is inferior 
to 18F-FDG PET/CT”

3

43

[68Ga]FAPI  

Favorable biodistribution (high TBR):  improved detection in brain, H&N, peritoneum, mesentery, omentum, 
skeleton

55 cases

• CUP: Cancer of Unknown Primary (n = 10)
• HNC: head and neck cancer (n = 13)
• GI+PBC: gastrointestinal and biliary-

pancreatic cancer (n = 17)
• UTC: urinary tract cancer (n = 4)
• NET neuroendocrine tumors (n = 4)
• Others (n = 7) 

4
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Modified from ”European Journal of Nuclear 
Medicine and Molecular Imaging (2022) 
49:721–731” 

Brain

Liver

Favorable biodistribution (high 
TBR) due to low background in 
critical organs

Spleen

peritoneum, mesentery, omentum

45

TUMORS
And
BENIGN LESIONS (FAP uptake associated with scar 
formation):
• Liver fibrosis and Cirrhosis (“..difficulties in differentiating 

between malignant and benign nodules in patients with 
cirrhotic disease”)

• Crohn’s disease (not in ulcerative colitis !)
• Arthritis (Rheumatoid aArtritis, Osteoarthritis)
• Cardiovascular disease (in border ischemic areas…)
• IgG4-Related Disease
• Benign tumors (angiomyolipoma, pulmunary fibrous 

tumor ecc)
• Hormon responsive Organs (breast and uterus after 

partum or pre-menopausal)

SUV metrics demonstrated a lower FAPI uptake in the benign 
lesions compared with the malignant accumulation… caution !
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[68Ga]PSMA    - [177Lu]PSMA in MTC? Inoperable Paraganglioma ?

“prostate-specific membrane antigen (PSMA) has been shown… to also be over-
expressed in the tumor neovasculature of a wide variety of solid tumors other than 
prostate carcinoma”:
• Renal Carcinoma
• Breast Carcinoma
• Differentiated Thyroid carcinoma
• Lung adenocarcinoma
• Hepatocellular Carcinoma
• ecc

About NENs ?:
• 2 cases of pancreas (NENs histologically proven)
• 2 cases of Medullary Thyroid Carcinoma (MTC)
• 2 cases of paraganglioma
• 1 pheocromocytoma

-> [177Lu]PSMA ?

5
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MOVING FROM NET .. TO PROSTATE

48
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PROSTATE CANCER

49

Evans JD, et al. Pract Radiat Oncol. 2018;8(1):28-39

THERANOSTICS: RDPH for Prostate-specific Membrane Antigen (PSMA) Imaging 

Heck MM, et al. J Urol. 2016;196(2):382-391.
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Evans JD, et al. Pract Radiat Oncol. 2018;8(1):28-39

THERANOSTICS of Prostate Cancer: 68Ga-PSMA-PET/177Lu-PSMA

Heck MM, et al. J Urol. 2016;196(2):382-391.

Radionuclide Therapy: 
4 cycles of 177Lu-PSMA determined complete remission and fading of multiple bone metastasis

1st line treatment: docetaxel
2nd line treatment: abiraterone
3rd line treatment: enzalutamide
4th line treatment: 223RaCl2
5th line treatment: 177Lu-PSMA
Complete remission ongoing 13 months

PSA
755 ng/ml 

68Ga-PSMA PET/CT 

PSA
N.D.

51

ü [68Ga]Ga-PSMA-PET images 
at baseline and 3 months
after [177Lu]Lu-PSMA
treatment with PSA decline
of ≥98%

ü Lesions with standardized
uptake value (SUV) are 
highlighted in red.

ü PSA values (ng/mL) with PSA 
decline of ≥98% are indicated
below images. 

Theranostics of Prostate Cancer: 68Ga-PSMA-PET/177Lu-PSMA
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ALSYMPCA Trial:
Ra-223 improves survival in castrate-
resistant prostate cancer

Parker CC, et al. 2013. N Engl J Med;369:213.

NETTER-1 Trial:
Lu-177 DOTATATE improves
progression free survival in GEP 
neuroendocrine tumors

VISION Trial:
Lu-177 PSMA-617 for metastatic
castrate resistant prostate cancer

Strosberg J, et al. 2017. N Engl J Med; 376:125. Heck MM, et al. 2016. J Urol.196:382.

THERANOSTICS: efficacy of radionuclide therapy
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U.O.C. MEDICINA NUCLEARE
Dir. Prof. Diego Cecchin

(E-mail: diego.cecchin@unipd.it)

…Nuclear Medicine is a team work…
UOC Medicina Nucleare
• Prof. Diego Cecchin
• Dott.ssa Rossella Simeone
• Dr. Pietro Zucchetta
• Dr.ssa Bodanza Valentina
• Prof.ssa Evangelista Laura etc !

Neurologia (Adulto)
• Prof. Maurizio Corbetta (+ PNC)
• Prof.ssa Cagnin Annachiara
• Prof.ssa Chiara Briani
• Prof. Angelo Antonini
• Prof.ssa Elena Pegoraro etc !

Pediatria - Padova
• Prof. Giorgio Perilongo
• Prof. Liviana da Dalt
• Prof. Gianni Bisogno
• Prof.ssa Silvia Carraro
• Equipe Elettroencefalografia !
• Equipe Sedazione pediatrica ! etc !

Bioingegneria
• Prof.ssa Alessandra Bertoldo
• Prof. Gaudenzio Meneghesso etc !

Fisica Sanitaria
• Dott.ssa Marta Paiusco
• Dott.ssa Alessandra Zorz etc !

Fisica UNIPD / INFN
• Dott.ssa Fabiana Gramegna
• Prof. Flavio Seno etc !

Farmacia / Chimica AOPD / UNIPD
• Dott.ssa Francesca Venturini
• Prof Stefano Moro 
• Prof. Nicola Realdon
• Prof. Michele Maggini
• Prof.ssa Cecilia Giron etc !

Radiologia: 
• Dott. Giorgio De Conti
• Prof. Roberto Stramare
• Dott.ssa Chiara Giraudo
• Prof.ssa Motta Raffaella
• Dott. Carmelo Lacognata
• Dott. Paolo Manfrin
• Dott. Stefano Da Pozzo etc !

Neuroradiologia
• Dott. Francesco Causin
• Dott.ssa Mariagiulia Anglani
• Dott. Alessandro di Paola
• Dott. Ignazio D’Errico
• Prof. Renzo Manara etc !

Matematica/Statistica
• Prof. Stefano De Marchi etc !

Dip Medicina (DIMED)
• Prof. Roberto Vettor etc !

Anatomia Patologica
• Prof. Angelo Paolo dei Tos etc !
Laboratorio
• Prof.ssa Daniela Basso etc !

etc ! etc !

Orizzonte degli eventi...

Nuovi Orizzonti diagnostici..

Cardiologia
• Prof. Sabino Iliceto
• Prof. Martina Perazzolo Marra
• Dott.ssa Loira Leoni etc !

Hematology 
Prof. Livio Trentin
Prof. Francesco Piazza etc !

Dorian Group
• Dott. Andrea Chincarini etc !

UOC Chirurgia Toracica
• Prof. Federico Rea etc !
UOC Chirurgia Generale 2
• Prof. Umberto Cillo etc !
UOC Trap. Rene Pancreas
• Prof. Paolo Rigotti
• Prof.ssa Lucrezia Furian etc !
UOC Ch Gen 3
• Prof. Salvatore Pucciarelli etc !
Rianimazione
• Dott. Ivo tiberio
• Dott.ssa Marina Munari etc !
UOC Endocrinochirurgia
• Prof. Maurizio Iacobone etc !

UOC Reumatologia
• Prof. Doria Andrea 
• Prof Paolo Sfriso
• Prof Luca Iaccarinoetc !

Neurooncology (IOV)
• Dott. Giuseppe Lombardi

Dott.ssa Vittorina Zagonel etc !
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