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As therapeutic options in advanced medullary and non-iodine avid differentiated (nonmedul-
lary) thyroid cancers are limited and associated with significant toxicity, targeting of
somatostatin receptors (SSTRs) for internal radiation therapy provides a promising option.
Theranostics (therapy and diagnosis) using radiolabeled somatostatin analogues has proved
to be a milestone in the management of SSTR-expressing tumors. Peptide receptor radio-
nuclide therapy using '"“Lu-labeled or ®°Y-labeled somatostatin analogues may have a
significant role in the management of medullary and nonmedullary thyroid cancers in those
patients where PET/CT with ®®Ga-labeled somatostatin analogues demonstrates significant

SSTR expression.
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Introduction

hyroid cancer (TC) is the most common endocrine

malignancy. In recent decades, the diagnosis of TC has
been increasing worldwide. The incidence rate in the US
increased by 4.4% per year from 2007-2011."

Differentiated TC (DTC) that includes papillary TC (PTO),
follicular TC (FTC), Hurthle cell TC (HCTC), or follicular
carcinoma-oxyphilic type is curable and has a relatively good
prognosis with 10-year survival rate of 85%-99%.” The
standard treatment of DTC involves total or near-total thyroi-
dectomy followed by ablation of remnant thyroid tissue by
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radioiodine treatment. Tumor recurrences occur in approx-
imately 20% of DTCs. Radioactive iodine is used for the
detection (**’T and '*'1) and treatment (*>'1) of recurrent DTC,
however, 20%-30% of PTCs and FICs with recurrent or
persistent disease and most of the HCTC tumors do not
accumulate radioiodine because of the mutation of the
natrium-iodide symporter gene (4%-6% of patients diagnosed
with DTC).* Medullary TC (MTC) is another subtype of TC,
which develops from parafollicular C cells of thyroid gland, of
neural crest origin. It accounts for almost 5% of all TCs.’
Because C cells do not express natrium-iodide symporter gene,
MTC does not take up radioactive iodine and its management
is more difficult than DTC with a worse prognosis. The
therapeutic and diagnostic options for non—iodine avid DTC
and MTC are limited. Chemotherapy, external beam radiation
therapy, biological agents such as RET and MEK inhibitors,
and surgery have not demonstrated promising clinical out-
comes.””

In the 1990s, some studies demonstrated the involvement of
somatostatin receptors (SSTRs) in the regulation and prolifer-
ation of normal thyroid cell and tumor tissue. Following these
findings, several investigators used different radiolabeled
somatostatin analogues for diagnosis and treatment of MTC
and non-radioiodine avid DTC.”"®
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Molecular Basis

Somatostatin is a cyclic peptide hormone with a short plasma
halflife (1-3 minute). It has two bioactive forms, with 14 and
28 amino acids, which are produced by alternative cleavage of
a single proprotein. Its primary action is to regulate the
endocrine system, modulation of neurotransmission, and cell
proliferation through interaction with membrane G—protein
coupled SSTRs. SSTRs are normally expressed in different
organs such as thyroid, hypophysis, adrenal glands, uncinate
process of the pancreas, kidneys, spleen (activated lympho-
cytes), and in the gastrointestinal tract in different quantities.
Five different subtypes of SSTR have been described in humans
(SSTR 1-5), SSTR 2 has two isoforms, SSTR 2A and SSTR
2B.'"?" Following the successful application of '''In-
diethylenetriaminepentaacetic acid (DTPA)-p-Phel-octreotide
(Hlln-pentetreotide [OctreoScan, Mallinckrodt, Inc, St Louis,
MO]) as the first radiolabeled somatostatin analogue for
diagnosis and staging of primary and metastatic neuroendo-
crine tumors (NETs) in early 1990s, therapeutic and diagnostic
approaches using radiolabeled somatostatin analogues have been
introduced for different receptor positive malignancies.'”
Currently, radionuclide therapy is an accepted treatment
modality for metastatic well-differentiated NETs.”””” The
rationale of using peptide receptor imaging and peptide
receptor radionuclide therapy (PRRT) for tumors with neuro-
endocrine or endocrine origins is the overexpression of differ-
ent subtypes of SSTR on these tumor cells. The mechanism of
antitumor effect of PRRT has been explained based on
receptor-mediated internalization and intracellular retention
of the radiopeptide. As a result, PRRT is able to deliver a high

dose of radiation to intracellular components of the cancer
cells, which results in tumor shrinkage or even cure.'”””
Another potential target for radiolabeled somatostatin ana-
logues is upregulated SSTR 2 in the peritumoral vessels which
causes an antiangiogenic response during radionuclide ther-
apy.”® It is worth mentioning that the advantages of small
peptides (eg, somatostatin analogues, cholecystokinin, and
exendin-3) over antibodies for targeted therapy are better
pharmacokinetic characteristics and very low antigenicity,
which makes them nearly ideal ligands for receptor-based
radionuclide imaging or therapy.

Several studies demonstrated expression of five SSTR
subtypes in human thyroid carcinoma including nonmedul-
lary and medullary tissues.”” >’ They reported conflicting
results for SSTR subtype expression on different thyroid tumor
cells (Table 1). These discrepant findings may stem from
methodological differences, such as types of tissue analyzed
(TC cell lines vs human thyroid tumor samples) and techni-
ques for analysis (immunohistochemistry vs messenger RNA
analysis through northern blotting or reverse transcription-
polymerase chain reaction).

Cold Somatostatin Analogues

Although cold somatostatin analogues have been shown to be
helpful in symptomatic and biochemical improvement in
patients with NET, preclinical and clinical studies showed
contradictory results on the antitumor effects of these com-
pounds for NETSs as well as TCs.””” Kohlfuerst et al injected
long-acting octreotide once per month intramuscularly over a

Table 1 Somatostatin Receptor Expression on Different Types of Thyroid Cancer Cell

Study Evaluated Thyroid Methods Conclusion
Tumors Subtypes
Pisarek et al*® 27 14PTC,4ATC,and 11 HC SSTR 1 and SSTR 5 are most frequently (71.4%)
benign) expressed in PTC and ATC; SSTR 2A in less than 40%.
Pazaitou- 47 (38 PTCs, 4 FTCs, IHC SSTR subtype expression in normal thyroid tissue was

Panayiotou et al”” 2 ATCs, and 3 HCTCs)

Mussig et al*® 93 (67 PTCs and 26 FTCs) IHC

low or absent. SSTR 2 and 3 were expressed in all
nonmedullary thyroid carcinomas, SSTR 1 and 5 in
75% and SSTR 4 in 38%

SSTR 1-5 were detected in 15%-30% of thyroid tumors.

Sancak et al®' 17 PTCs IHC for SSTR 2 SSTR subtype 2 was expressed in PTCs
Klagge et al*? 45 (20 PTCs, 20 FTCs, and mRNA expression for Predominant expression of SSTR 2 and SSTR 5, weak
5 ACs) SSTRs expression of SSTR 1 and SSTR 3

Pisarek et al*® Four malignant surgical
samples and five benign

surgical samples

Druckenthaner 17
et al® correlated findings
for SSTR2
Forssell-Aronsson  Nine PTCs and two HCTCs mRNA expression
et al®® northern-blot
analyses
Ain et al®® Eight cell lines (two PTCs, = mRNA expression in

two FTCs, and four ATCs)
lines

thyroid cancer cell

IHC and RT-PCR and Expression of SSTR 1, SSTR 2A, and SSTR 2B in
correlated findings

malignant tissue may be on the cell membrane or
cytoplasmic, whereas in noncancer tissue the
expression of these receptors was only cytoplasmic

IHC and RT-PCR and Thyroid tumors expressed SSTR 2 and less

predominantly SSTR 3 and 5.

All thyroid tumors regularly expressed SSTR 1, 3, 4, and
5. SSTR 2 was not detected in PTCs and was irregularly
expressed in HCTCs.

Predominant expression of SSTR 3 and SSTR 5 on
monolayers of thyroid cancer cell lines

IHC, immunohisto chemistry; mRNA, messenger RNA; RT-PCR, reverse transcription-polymerase chain reaction.
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period of 6 months to treat eight patients with progressive
radioiodine-negative but SSTR positive TC (1 PTC, 4 FTC, and
3 anaplastic TC [ATC]). All patients showed progressive
disease during the treatment.” Zlock et al treated six patients
(4 PTCor FTC, 1 HCTC, and 1 MTC) with subcutaneous daily
long-term octreotide for up to 12 months. All biochemical and
imaging-based biomarkers indicated progressive disease dur-
ing treatment.”” On the contrary, Robbins et al treated two
PTC patients (one with radioiodine avid lesions, one having no
B uptake) with 3-4-month course of long-acting octreotide.
They observed decreasing tumor volume and SUVs on follow-
up FDG PET/CT in both the patients. In addition, some in vitro
studies showed antitumor effect on carcinoma cell lines
whereas they were not able to demonstrate any antitumor
effects of cold somatostatin analogues in animal experiments of
TC.**" In short, most of the studies questioned the value of
cold somatostatin analogues as an antitumoral agent for
thyroid carcinomas.

Radiolabeled Somatostatin
Analogues

A radiolabeled somatostatin analogue generally consists of the
following three main parts: a synthetic analogue of somatos-
tatin (cyclic octapeptide) such as octreotide or Tyr3-octreotate
or Tyr3-octreotide, a chelator such as DTPA or 1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTA), and a
radioactive component. Radionuclides commonly used for
PRRT of TCs are '""Lu and Y.

Owing to the short half-life of endogenous somatostatin, its
several synthetic analogues with different affinity for certain
types of SSTRs have been developed for diagnostic and
therapeutic use in tumors expressing SSTRs. Table 2 summa-
rizes the use of PRRT in DTC. In late 1970s, Bauer et al™
synthetized octreotide as the first octapeptide somatostatin
derivative, which has essential amino acids enabling it to bind
to SSTR. Octreotide has a very high affinity for SSTR 2. Primary
studies used '''In-DTPA-octreotide for PRRT of TC as well as
various endocrine tumors.”** The results of these studies
were not very promising. In general, '''In-coupled peptides
are not perfect compounds for PRRT because of a poor tissue
penetration. Because it is an auger electron-emitting radio-
nuclide and range of the emitted particles (nanometers to
micrometers) does not exceed the cell diameter, tangible
objective responses were infrequently achieved using '''In
for PRRT."

In an effort to find a more effective radiopeptide, DOTA-
Tyr3 octreotide (DOTATOC) was developed and labeled with
different radionuclides for imaging as well as for therapy. As a
consequence of the replacement of phenylalanine by tyrosine
as third amino acid in the octretide, this molecule has increased
hydrophilicity and affinity for SSTR 2. In addition, DOTA used
in this compound as the chelator allows stable binding with *°Y
or ""Lu, the two B-emitting radionuclides most commonly
used for PRRT. Replacement of the alcohol group at C
terminus of the peptide by a carboxylic acid group resulted
in the formation of DOTA-Tyr3 octreotate (DOTATATE) that

has a six-fold to nine-fold increased affinity for the SSTR 2. Yet,
the DOTATATE binding affinity to other SSTRs was less than
expected. Binding to SSTR 5 and SSTR 3 was low and to SSTR
1 and SSTR 4, very little. The third generation of somatostatin
analogues is DOTA-1-Nal3-octreotide (DOTANOCQ), in which
the third amino acid is 1-naphthylalanine instead of phenyl-
alanine. This compound has been shown to have improved
affinity for SSTR 2 and higher affinity to SSTR 3 and SSTR 5,
resulting in coverage of a wider spectrum of SSTR (pan-
somatostatin characteristics) and improving the diagnosis of
NET and various other tumors with atypical expression of
SSTR subtypes.”® However, wide affinity spectrum of DOTA-
NOC results in higher in vivo uptake for whole body and
normal tissue and consequently the higher potential of bone
marrow toxicity.”” Therefore, some institutions including our
center do not recommend using DOTANOC for PRRT of
NETs. "

Newer somatostatin analogues such as DOTANOC-ATE
([DOTA-1Nal3, Thr8]-octreotide) and DOTA-BOC-ATE
([DOTA, BzThi3, Thr8]-octreotide) are in the preclinical stage
of development. These “fourth-generation analogues” have
been reported to show very high affinity for SSTR 2, SSTR 3,
and SSTR 5 and intermediate high affinity for SSTR 4, which
possibly make them good candidates for thyroid tumor cell
expressing high level of SSTR 3 or 5 despite low expression
of SSTR 2."”" Recently, preclinical and clinical studies
have shown that radiolabeled SSTR antagonists such as
! 77Lu—DOTA—JRl 1 77Lu—DOTA—Cpa—c(DCys—Aph(Hor)—DAph
(Cbm)-Lys-Thr-Cys)-oTyr-NH,]  and  '""Lu-DOTA-BASS
['""Lu-DOTA-[p-NO,-Phe-c(pCys-Tyr-pTrp-Lys-Thr-Cys)-pTyr-
NH,] are superior to SSTR agonists for targeting of
tumors.”” " A possible explanation is they have higher affinity
for SSTRs, even though they are not internalized into tumor
cells.”* Although small clinical studies have shown clinical
feasibility and favorable tumor-to-organ, tumor-to-kidney or
-bone marrow dose ratio of different SSTR antagonists in NET
patients and their introduction has been suggested as paradigm
changer of PRRT, further systematic studies are warranted
before replacing the somatostatin agonists by antagonists in
patients with TC.”%7"7*

Radionuclide Selection

Yttrium-90 and Lutetium-177 are the most frequently used
radionuclides in PRRT. They have different physical character-
istics, chiefly, different emitted energies, which result in
various maximum tissue penetration ranges (12 mm for Ly
vs 3 mm for '""Tu). ®°Y has the highest energy of B particles
(935 keV) and highest maximum tissue penetration, resulting
in “crossfire effect” on nearby tumor cells. Owing to crossfire
effect, “°Y B particles can extend more than several cell
diameters and are able to irradiate the tumor cells not bound
by the radiopharmaceutical. This makes it the desirable
radionuclide for large tumors and tumors with poor vascula-
rization. Although the crossfire effect is favorable to overcome
receptor expression inhomogeneity along with aforemen-
tioned benefits in bulky tumors, the long range of the *°Y p



Tahle 2 Peptide Receptor Radionuclide Therapy in Patients With DTC

Study N Subtypes Response Assessment Radiopharmaceutical Cumulative Toxicity Antitumor Outcome Percentage—
Criteria Dose (GBqg) Disease Control (TTP in Months)
Gorges et al'® 3 Three HCTC NA 90y.DOTATOC 1.7-9.6 NMSE 33%—1 SD (21)
Waldherr et al®” 7 Three FTC and four PTC WHO °0y_.DOTATOC 1.7-14.8 1 (Hem IID 29%—2 SD (8.8)
Chinol et al”* 2 Two PTC SWOG S0Y_.DOTATOC 07.4 NA NA
Valkema et al*® 5 One FTC and four PTC SWOG ""|n-DTPA-Octreotide  29.5-83.24 NA 20%—1 SD (NA)
Virgolini”® 25 25 unclassified TC WHO S0Y_DOTALAN 0.9-7.0 NMSE 56%—3 MR (NA), 11 SD (NA)
Christian et al'’ 1 One HCTC NA %0Y_DOTATOC NA NA NA
Gabriel et al’® 5 Three FTC and two PTC NA %0Yy.DOTATOC 5.6-7.6 NA 100%—SD (5)
Stokkel et al** 9 Four FTC and five PTC  Radiological or biochemical '''In-DTPA-Octreotide ~ 14.3-33.14 NA 44% Radiological—4 SD (NA)
66% Biochemical—6 SD (NA)
Teunissen”’ 5 One FTC, one PTC, and NA '77Lu-DOTATATE 22.4-39.11 NA 80%—PR (22+), 1 MR 43), 2 SD
three HCTC (18,24+)
Budiawan etal'> 8 Four FTC, three HCTC, EORTC S0Y.DOTATATE or NMSE 33%—1 PR, 1 SD, 2 NA, 4 PD
and one mixed 177 u-DOTATATE
Versari et al” 11 Four PTC, four FTC, one EORTC 90y.DOTATOC 4.3-17.9 One permanent 60% RECIST
HCTC, and two insular RECIST renal toxicity = 63% PERCIST
Campennietal’”® 1 one DTC RECIST 77| u-DOTATOC 7.77 NMSE 100% radiological—SD (5+)
Biochemical 100% biochemical—SD (5+)
Czepczynski etal'” 11 Five FTC, three PTC,and RECIST 90y.DOTATOC 21.0-53.3 NMSE 27% RECIST
three HCTC Biochemical 45% Biochemical

EORTC, European Organization for Research and Treatment of Cancer; LAN, lanreotide; NMSE, no major side effect: WHO kidney, hepatic, and hematological toxicity > grade lIl; NA, not available; PERCIST,
positron emission tomography response criteria in solid tumors; RECIST, response evaluation criteria in solid tumors; SWOG, Southwest Oncology Group; TATE, -Tyr3 octreotate; TOC, -Tyr3 octreotide;
TTP, time to progression; WHO, world health organization.
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Figure 1 A 43-year-old female with oncocytic follicular carcinoma of the thyroid (initial stage pT4), first diagnosis 10 years
back, was referred to our center with progressive lymph node, pulmonary, hepatic, osseous, and cerebral metastases after
surgery, external radiation, chemotherapy, and 3 radioiodine therapies. The baseline ®*Ga-DOTATOC PET/CT (A-F)
revealed intense somatostatin receptor (SSTR) expression in the metastases, which provided a theranostic basis for the
administration of peptide receptor radionuclide therapy (PRRT). Intense uptake was demonstrated on PET/CT (A—MIP,
B1-F1—PET/CT transverse images, and B2-F2—corresponding CT transverse images) in mediastinal lymph node (B—red
arrow), lung (C—blue arrow), sacrum (D—black arrow), left ischium (E—green arrow), and right femur (F—orange
arrow) which is also seen on *""Lu-DOTATATE posttherapy whole-body scans (G—in anterior view; and H, in posterior

view).

particles appears to increase the possibility of renal toxicity.””
On the other hand, '""Lu emits intermediate-energy f particles
(133 keV), resulting in a maximum tissue penetration range
up to 3 mm, which makes it a preferable radionuclide for
smaller tumors. In addition to P particles, '""Lu emits two
gamma peaks of 113 and 208 keV, which makes it a suitable
compound for post-therapeutic gamma camera dosimetry.
Another less-studied difference between these radionuclides is
their physical halflife (6.7 days for '""Lu vs 2.7 days for *°Y),
which may have an effect on their therapeutic (and adverse)
effects. These physical characteristics as well as other tumor-
related and non—tumor-related factors should be considered
to develzo)p an appropriate PRRT protocol for each patient
(Fig. 1).*¢

Medullary TC

Survival statistics of MTC demonstrate a 10-year overall
survival rate of 75%, however, in cases of advanced or
metastatic disease, it drops to 40%. " In spite of aggressive
surgical treatment, almost 50% of patients show residual
disease or develop tumor recurrence—common sites of
metastatic involvement in MTC are cervical nodes, lung, liver,
and bones.”” Reoperation is the commonly followed treatment
option for neck recurrence, either with or without radio-
therapy, depending on the extent of involvement. However,
there is seldom a significant decrease noted in calcitonin levels
in these patients, and hence, distant metastases are quite
frequent.”® In the scenario of distant metastases, the aim of
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treatment is to reduce the symptoms and to improve the
quality of life. Conventional chemotherapy has limited efficacy
and considerable toxicity in patients with advanced MTC and
is therefore not recommended.” Better understanding of
tumor biology, especially about the RET proto-oncogene,
which encodes a receptor tyrosine kinase, has led to the
development of newer targeted agents such as vandetanib and
cabozatinib.”” MTCs are known to express SSTR 2 that
facilitates imaging with **™Tc-labeled and especially **Ga-
labeled analogues.”” Hence, tracer concentration at disease
sites confirms SSTR expression that is the premise for therapy
with similar peptides bound to therapeutic radioisotopes like
177Lu or QOY. 19,20

In vitro data have shown that MTC cells not only produce
somatostatin but also express corresponding receptor ana-
logues.””®" SSTR type 2 (SSTR 2) is expressed with moderate
density in most MTCs. However, probably because of the low
density of SSTR 2, only approximately 50%-70% of MTCs can
be visualized with scintigraphy using '''In-labeled octreotide,
which also lacks in resolution.”*” This makes pretherapeutic
%SGa-labeled peptide PET/CT imaging mandatory for confir-
mation of SSTR expression.

Octreotide administered short or long term in symptomatic
MTC results in improvement of neuroendocrine symptoms,
especially in diarthea and flushing, however, reports of
objective tumor response are anecdotal.”* As a combination
of human recombinant o-interferon and octreotide increased
response rate in metastatic carcinoid, the same combination
has been tested in MTC. There was no objective response
recorded and only symptomatic benefit was achieved in some
patients.””° In conclusion, studies so far have excluded
significant antiproliferative activity of cold octreotide in
patients with advanced MTC. Yet, the poor results of therapy
with cold somatostatin analogues should not exclude good
response to therapy with radiolabeled peptides. Cold soma-
tostatin analogues exert their therapeutic role by direct
inhibition of variety of signal transduction pathways in cancer
cells or indirectly through suppression of the secretion of
growth-promoting hormones. In radiopeptide therapy, the
main goal is to deliver a high radiation dose to tumors
expressing SSTR 2 although sparing receptor-negative, normal
tissues. PET/CT imaging with *®Ga-peptides (DOTATOC or
DOTANOC or DOTATATE) to confirm SSTR expression is a
necessary prerequisite for PRRT in MTC. SSTR imaging also
provides information about the disease burden in the form of
tracer avid sites. Based on the intensity and distribution of
tracer, further therapy can be planned using therapeutic
radionuclides like '""Lu or °Y.

In a pilot study, Waldherr et al®” in 2001 reported the first
series of 28 patients with TC including 12 MTC, 4 PTC, 3 FTC,
and 1 ATC treated with “°Y-DOTATOC. All patients
had ''"'In-DOTATOC or octreoscan positive progressive dis-
ease before PRRT. They received a total dose of 1700-
7400 MBg/m?, in one to four injections at intervals of 6 weeks.
However, the overall antitumour outcome (objective response
and stable disease) was 35%, 42% in MTC, 29% in DTC,
and 0% in ATC, the objective complete or partial response
(PR) rate was 0%. A stable disease was achieved in 35%

(7 of 20), and remaining 65% (13 of 20) had progressive
disease. The median time to progression of stable disease
patients was 8 months (range: 3-14 months). No grade I1I or IV
hematological or renal toxicities were observed.

In 2004, Bodei et al'® published a series comprising 21
patients (8 women and 13 men) with histologically proven
diagnosis of MTC. All patients had nonresectable locoregional
disease or distant metastases and were treated with Y-
DOTATOC. The overall antitumor response (objective
response plus stable disease) was 67%, however complete
response was documented only in two (10%) patients and no
partial or minor response was observed. Seven (33%) patients
did not respond to the therapy and continued to progress. The
duration of overall response (complete remission plus stable
disease) ranged from 3-40 months. In one (5%) patient *°Y-
DOTATOC therapy resulted in normalization of serum
calcitonin and carcinoembryonic antigen levels and the other
five (24%) patients responded with biochemical partial remis-
sion. Stabilization or increase in serum markers was observed
respectively in 3 (14%) and 12 (57%) patients. There was no
reported toxicity in any of the treated patients. Patients with
smaller tumors responded better, suggesting that PRRT should
be started in earlier phases of the disease.

In a phase 11 trial, Iten et al'” investigated the response,
survival, and long-term safety profile in 31 patients of
metastasized MTC, treated with “°Y-DOTATOC. Median
survival was 91 months from the time of diagnosis and 15.7
months from the time of first treatment. Responders had a
significantly longer survival compared with nonresponders
(108.8 vs 80.4 months).

In a recent study by Vaisman et al,*” 16 patients with
progressive MTC were evaluated by '''In DTPA-octreotide
scintigraphy. Seven patients demonstrated high '''In-DTPA-
octreotide uptake and were treated with four cycles of 200 mCi
"Lu-DOTATATE with 6-10-week intervals between cycles.
Response to treatment was evaluated using CT scans more
than 8-12 months after the fourth cycle of PRRT and
concurrently they evaluated quality of life of patients using
SF-36 questionnaires. Three patients were classified as having
PR, three patients had stable disease and one patient had a
progressive disease. All responders (six patients) reported
improvement in quality of life and cancer-related pain. There
were no grade III or IV hematological or renal toxicities. Makis
et al reported two cases of metastatic MTC, who were treated
with four doses of '""Lu-DOTATATE with 2-month intervals
between cycles. Both achieved stable disease for 10 and
8 months, respectively, based on ''In-octreotide scan
imaging.””

We studied a consecutive cohort of 28 patients (14 men, 14
women, mean age of 47.9 years, age range: 26-72 years)
between 2004 and 2012 with histopathologically proven
recurrent medullary TC and widespread distant metastases
(unpublished data). All patients had undergone primary
surgery, conventional chemotherapy, or radiotherapy treat-
ment regimes, depending on the stage at presentation. In
addition, the patients had received site-specific treatments.
SSTR expression was confirmed on %8Ga-DOTATOC PET/CT.
Patients were treated with PRRT (up to five times) at our center
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using °Y or '""Lu-DOTATATE. Primary end point was
treatment response assessed on follow-up “®Ga-DOTATOC
PET/CT, with survival statistics being the secondary end point.
Comprehensive relevant clinical information were gathered
from the referred medical profiles and during follow-up periods
(until death) at our institute. Based on European Organization
for Research and Treatment of Cancer criteria, 17 of 28 (60.7%)
patients showed stable disease, 5 of 28 (17.7%) showed PR,
whereas 6 of 28 (21.4%) showed disease progression.””""
Thus, 22 of 28 patients had nonprogressive disease, a
significant change in outcome considering the baseline pre-
PRRT disease status (Fig. 2). The median survival in patients
with SD was 36 months and with PR was 72 months. The
median survival for patients with progressive disease was 24
months. Overall, the survival statistics from the available
literature are encouraging. With very low incidence of toxicity,
this therapeutic option also provides a good quality of life.

Differentiated Non-lodine Avid
TC

In mid 1990s several studies showed the diagnostic value of
SSTR scintigraphy in patients with non-radioiodine avid DTC;
however, the first study using PRRT in these patients was
published in 2001. In a small study, Gorges et al'® reported the
dosimetry and clinical data of **Y-DOTATOC therapy in three
patients with progressive DTC (up to 9.3 GBq per four cycles).
They concluded that PRRT appeared to be ineffective owing to
disease progression, however, only one of their patients
received four cycles of PRRT and two other patients were
treated only with one and two cycles, respectively. On the
other hand, well-designed recent studies showed promising
results. Versari et al’” in a prospective study treated 11
radioiodine-negative patients with DTC with two to six cycles
of °Y-DOTATOC and assessed treatment response using

A B

C D

Figure 2 A 76-year-old male with recurrent sporadic medullary thyroid carcinoma involving the left lobe with infiltration of
trachea and esophagus as well as supraclavicular and mediastinal lymph node metastases, s.p. complete thyroidectomy,
recervicotomy, and sternotomy to operate the recurrence. The baseline ®®Ga-DOTANOC PET/CT demonstrated significant
SSTR expression (A) in the extensive left supraclavicular lymph node mass (orange arrow) and the retrotracheal lymph
node (blue arrow). The patient was treated with two cycles of PRRT using °Y-DOTATATE. The posttherapy whole-body
Bremsstrahlung scans (B—first cycle, C—second cycle) demonstrated corresponding high uptake at the two sites. The
follow-up *®Ga-DOTANOC PET/CT (D) revealed partial remission of the disease after two cycles of PRRT.
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Figure 3 A 65-year-old male with follicular thyroid carcinoma—Ilocal recurrent disease with left supraclavicular and large
mediastinal lymph node metastasis as well as pulmonary metastasis. The baseline ®*Ga-DOTATOC PET/CT (A-D)
demonstrated tracer uptake at these sites, also seen on the 9OY_-DOTATOC whole-body scan after the first PRRT cycle (E).
serial ®®Ga-DOTATOC PET/CT scans. In patient-based anal- Research and Treatment of Cancer criteria, respectively. In
ysis, PRRT induced disease control (SD and PR) was achieved lesion-based analysis, they reported 71% disease control based
in 60% and 63% of patients according to response evaluation on Response Evaluation Criteria In Solid Tumors criteria for
criteria in solid tumors and European Organization for nonosseous metastases. They used strict inclusion criteria
A

Figure 4 Partial remission of the disease (described in Figure 3) after just one cycle with increasing necrosis, especially in the
mediastinal lymph node mass demonstrated by decreasing uptake on follow-up ®Ga-DOTATOC PET/CT (A-D). The
patient underwent another cycle of PRRT with """ Lu-DOTATOC, which demonstrated uptake at these sites (E).
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especially the high SSTR expression on baseline **Ga-
DOTATOC PET/CT scans and demonstrated the satisfactory
therapeutic value of PRRT in SSTR-expressing progressive
radioiodine-negative DTC. In addition, they confirmed the
diagnostic value ®®*Ga-labeled somatostatin analogue PET/CT
for a personalized treatment approach.'” The available reports
of PRRT in 93 patients with DTC are summarized in Table 2.
No definite conclusions can be drawn on the therapeutic
efficacy of PRRT in DTC based on available studies, because
they applied various exclusion or inclusion and response
assessment criteria, different radiopeptides and dissimilar
study design.

Nevertheless, it is obvious that PRRT is a safe treatment
option for patients with progressing non—iodine avid DTC as
only two cases of grade III or IV toxicity have been reported
among several hundred PRRT cycles. In addition, its effective-
ness is comparable with other therapeutic choices, including
biological agents, available for these patients. However, as
emphasized by several authors, considering that relatively low
fraction of non—iodine avid patients with DTC have high
expression of SSTRs on tumoral cells, comprehensive patient
selection using ®®Ga-DOTA-SSTR PET/CT seems inevita-
ble.”*"” Furthermore, PET/CT is a reliable tool both for staging
and for assessment of therapy response (Figs. 3 and 4).
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