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Abstract

The main purpose of this retrospective study was to determine the diagnostic performance of [#Ga]Ga-DOTA-D-Phet -Try)
octreotide(DOTA-TOC) positron emission tomography/computed tomography (PET/CT) in patients with well-differentiated colorectal
Neuroendocrine Tumours (NETs) originating from the hindgut. The other aims were to assess the impact of the examination on
patient management and to analyze the results of 2-["®F]FDG and/or 6-["®F][FDOPA PET/CT when they were performed. [#Ga]
Ga-DOTA-TOC PET/CT and clinical data from 30 patients with biopsy-proven well-differentiated NETs originating from the hindgut
were retrospectively reviewed and analyzed by comparing the [#8Ga]Ga-DOTA-TOC PET/CT findings with pathological and/or
follow-up data. We also compared the [#Ga]Ga-DOTA-TOC PET/CT results with 2-["®F][FDG and/or 6-["®F][FDOPA PET/CT results
in 6 patients. The impact on management was determined in hindsight by comparing the patient management decided before
and after the TEP examination based on data from multidisciplinary team meetings. On a patient basis, [®Ga]Ga-DOTA-TOC PET/
CT was accurate in 30 of the 30 examinations. [#Ga]Ga-DOTA-TOC PET/CT correctly identified the primary tumor in all patients
with primary tumors not resected before the examination and allowed the detection of unexpected distant metastases in 36%
of the patients referred for initial staging. [#8Ga]Ga-DOTA-TOC PET/CT findings affected patient management in 57% of cases
with generally major intermodality changes. Intraindividual comparison of the results of the different PET radiopharmaceuticals
showed a clear superiority of [#Ga]Ga-DOTA-TOC PET/CT considering both the number of lesions and the intensity of uptake.
[8Ga]Ga-DOTA-TOC PET/CT is an accurate imaging modality for the assessment of well-differentiated colorectal NETs that
highly impact patient management. Thus, we suggest that [%*Ga]Ga-DOTA-TOC PET/CT be employed as a first choice for the
assessment of these tumors in nuclear medicine.

Abbreviations: '*F = Fluorine-18, ®*Ga = Gallium-68, ®*Ge = Germanium-68, DOTA-TOC = DOTA-_-Phe'-Try*-octreotide, FOV
= field of view, IQR = interquartile range, NETs = Neuroendocrine Tumours, PET/CT = positron emission tomography/computed
tomography, Pl = proliferative index, PL = peritoneal lesion, PRRT = peptide receptor radionuclide therapy, SR = somatostatin
receptors, SSA = somatostatin analogue, SUV,_ = maximum standardized uptake value, TP = true positive
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1. Introduction

Colorectal neuroendocrine tumors (NETs) originating from the
hindgut correspond to NETs located from the last third of the
transverse colon to the rectum. They are relatively uncommon,
accounting for ~20% of all NETs, and are mostly discovered
incidentally during routine surveillance endoscopies.!'! They are
rarely, if ever, associated with a hormonal syndrome such as
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flushing or diarrhea, even in the metastatic stage.!'! Other clin-
ical symptoms that may occur include rectal bleeding, pain and
changes in bowel habits./>?! Surgery is the mainstay for the treat-
ment of local or locoregional colorectal NETs, while systemic
therapies such as somatostatin analogues (SSA) or chemotherapy
are indicated to treat advanced/metastatic disease.*! Peptide
receptor radionuclide therapy (PRRT) may be a potential treat-
ment in well-selected patients with metastatic rectal NETs.!®!
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Accurate staging is important for the determination of resect-
ability and prognosis, particularly for primary tumors larger
than 1cm,”! but the small size and variable anatomic location of
metastases may limit their detection in imaging. Overexpression
of cell-surface somatostatin receptors (SR) — in particular of SR
type 2 (SR2) —is a feature of well-differentiated NETs, enabling
functional imaging with radiolabelled SSA.”:*! Therefore, soma-
tostatin receptor positron emission tomography (SR PET) has
been widely documented in NETs, with a superior diagnostic
performance compared with that of somatostatin receptor scin-
tigraphy.”1! Several SSA for SR PET labeled with gallium-68
using a 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetra-ace-
tic acid (DOTA) cage have been evaluated with a comparable
diagnostic accuracyl: DOTA- -Phe!!-TryPl-octreotide (DOTA-
TOC), DOTA- -Phel'-Try"l-octreotate, and DOTA-1-Nal-
TryPl-octreotide. Furthermore, some NETs can take up and
decarboxylate monoamine precursors such as dihydroxyphe-
nylalanine, allowing their possible detection on 6-['*F]JFDOPA
PET.I"? Fluorine-18 fluoro-2-D-deoxyglucose (2-['*FIFDG) bet-
ter detects highly metabolic neuroendocrine carcinomas than
well-differentiated tumors but may, however, have diagnostic
and prognostic value in well-differentiated NETs.[!3-15]

In 2017, Bozkurt et al.l'®! proposed a diagnostic strategy
specific to hindgut NETs with the use of 2-['*F]FDG Positron
Emission Tomography/Computed Tomography (PET/CT) as the
first choice and 6-["*F]FDOPA or [**Ga]Ga-DOTA-peptide PET/
CT as the equivalent second choice. In 2018, the revision of the
Society of Nuclear Medicine and Molecular Imaging practice
guidelines recommended SR PET as the initial functional imaging
modality for the diagnosis of well-differentiated NETs regardless
of their origin.'””! More recently, the National Comprehensive
Cancer Network® (NCCN Guidelines®) defined the use of
SR PET for the evaluation of rectal NETs as appropriate.!'®!
Nevertheless, more recently, the study by Zhou et al.'"”! showed
that [**Ga]Ga-DOTA-NOC PET-CT was a promising tool for
detecting lymph node metastasis in rectal NETs with high sensi-
tivity and specificity and better results than 2-['"SF]FDG PET-CT.

The main aims of this retrospective study were to determine
the diagnostic performance of [**Ga]Ga-DOTA-TOC PET/CT
in consecutive patients referred to our center for the assessment
of well-differentiated NETs derived from the hindgut (including
rectal and colic NETs) and to evaluate its impact on patient man-
agement. The secondary objectives were to compare the results
of [*#Ga]Ga-DOTA-TOC PET/CT to those of 2-['"*F][FDG and/
or 6-['"*FIFDOPA PET/CT when performed and to search for a
correlation between the value of the Ki-67 proliferative index
(PI) of surgically resected or biopsied lesions and the intensity
of their uptake on [**Ga]Ga-DOTA-TOC PET/CT quantified by
the maximum standardized uptake value (SUV__ ).

2. Materials and methods
2.1. Study population

We retrospectively analyzed all consecutive patients referred to
our nuclear medicine department between September 2009 and
July 2020 for [#*Ga]Ga-DOTA-TOC PET/CT.

The inclusion criteria for patients were as follows:

1. histologically confirmed well-differentiated digestive NET
(NET G1, G2 or G3 according to the 2019 World Health
Organization grading system?) originating from the
hindgut

2. age greater than 18 years

3. follow-up data available

The exclusion criteria for patients were as follows:

1. digestive NET originating from the midgut or the foregut
2. NEC or other histological diagnosis than a neuroendo-
crine neoplasia
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Whether patients underwent 2-['*F]FDG and/or 6-['*F]
FDOPA PET/CT at the time of [**Ga]Ga-DOTA-TOC PET/CT
was recorded (flow diagram, Fig. 1). We only kept for compari-
son any PET/CT performed with an interval between examina-
tions less than 30 days except for 1 patient with a longer delay
of 6 months (patient no. 6), which was acceptable due to the
absence of change in therapeutic management between the PET
examinations and the slow growth of the disease.

As [%Ga]Ga-DOTA-TOC was not yet registered in France
until December 2016, PET/CTs were performed through the
compassionate use program authorized on an individual basis by
the French National Agency for Drug and Health Product Safety
(ANSM) before the registration date. This research implied no
intervention for the patient. According to French regulations, the
approval of an institutional review board was not necessary for
performing this retrospective analysis of already-available data.
Regardless of the date of examination, patients were informed
that their data collected for the [**Ga]Ga-DOTA-TOC PET/CT
would be analyzed anonymously, and they did not object.

2.2. [%¥Ga]Ga-DOTA-TOC PET/CT imaging procedure

2.2.1. Acquisition protocol. DOTA-TOC was radiolabelled
with [®*Ga]Ga in the radiopharmacy of our nuclear medicine
department. [**Ga]Ga was eluted from a commercially available
[*Ge]Ge/[*®Ga]Ga  radionuclide generator (GalliaPharm
Eckert & Ziegler Radiopharma GmBH) prior to DOTA-TOC
radiolabelling following the Breeman procedure.*!! No specific
preparation of the patient was required before the radiotracer
was injected. Patients received 1 to 2 MBg/kg of body mass of
[¢*Ga]Ga-DOTA-TOC injected via an infusion line connected
to saline. For patients treated with SSA, medication was not
discontinued before the imaging procedure.

Head-to-mid-thigh PET/CT imaging was performed 45 to 90
minutes after injection either on Gemini TF16 PET/CT (Philips
Healthcare®) or on Biograph mCTflow (Siemens Healthcare®)
PET/CT, both equipped with time-of-flight technology.

The characteristics for Gemini TF16 PET/CT were as follows:
3D mode, 576 mm field of view (FOV), and 144 x 144 matrix.
Images were reconstructed using the OSEM weighted method
based on 3 iterations and 33 subsets; low-dose CT without con-
trast enhancement was performed prior to PET acquisition (120
kVp, 80 mA.s, slice thickness: 2.5mm, pitch: 0.813, rotation
time: 0.5 seconds, and FOV: 600 mm) for attenuation correction
and anatomic localization.

The characteristics for Biograph mCTflow were as follows: 3D
mode, 780mm FOV, and 200 x 200 matrix. Those images were
reconstructed using the OSEM weighted method based on 2 iter-
ations and 21 subsets; low-dose CT without contrast enhance-
ment was performed prior to PET acquisition (CareDose®
automatic modulation for keV and mA.s, slice thickness: 2mm,
pitch: 0.813, rotation time: 0.5 seconds, and FOV: 500 mm).

On both machines, the imaging time was 2 minutes per bed
position.

2.2.2. Image analysis and endpoints. PETs were read by 1
nuclear medicine specialist aware of the results of the other
imaging modalities using the Carestream Vue picture archiving
and communication system (Carestream Health, Inc, Rochester,
NY). Any focus with a visual intensity greater than background
and that could not be explained by physiologic uptake (e.g.,
pituitary gland, spleen, liver, adrenal glands, uncinate process
of the pancreas and thyroid), elimination or another origin
(e.g., inflammation, infection, and meningioma) was considered
pathological. [**Ga]Ga-DOTA-TOC PET/CT was interpreted as
positive at the patient level when at least 1 pathological focus
was visualized.

In the 6 patients in whom 2-["¥F]FDG and/or 6-[**FI[FDOPA
PET/CT had also been performed, we reported the number of
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Patients with Hindgut NETs investigated with
[*Ga]Ga-DOTA-TOC PET

(n=30)

[®*Ga]lGa-DOTA-TOC +
another PET radiotracer

(n=06)

[©*Ga]Ga-DOTA-TOC
PET alone
(n=24)

2-["F]FDG alone
(n=3)

2-[F]FDG + 6-
['*FJFDOPA
(n=3)

Figure 1. Flow diagram outlining the different PET radiotracers applied to the 30 patients with colorectal neuroendocrine tumors derived from hindgut.

foci with pathologically increased uptake detected and com-
pared them on a site basis. For this intraindividual PET imaging
comparison, 5 pathologic sites were considered: rectal primary
tumor, liver, bone, pancreas and pelvic lymph nodes (PLNs). If
more than 5 lesions were visualized within 1 site, the number of
lesions was truncated at 5 for that site to avoid bias. To more
precisely compare the results obtained with the 3 PET radiotrac-
ers, the intensity of uptake was determined by the semiquanti-
tative index SUV___ by applying a spherical volume of interest
drawn around pathological uptake foci. SUV,_ was calculated
by measuring the maximal concentration of radiotracer in the
volume of interest corrected for body weight and injected activ-
ity. If several distinct pathological uptake foci were visualized
in the same site, we kept the lesion with the highest SUV___for
comparison.

To study whether a correlation existed between [**Ga]
Ga-DOTA-TOC PET/CT uptake and the Ki-67 proliferative
index of the lesions, we measured on [**Ga]Ga-DOTA-TOCPET/
CT the SUV__ of the site of tissue biopsy when available. For
patients who underwent surgical resection of relevant lesions,
we used [*Ga]Ga-DOTA-TOC PET/CT before resection.

2.3. Follow-up and evaluation of impact on patient disease
management

After imaging, clinical follow-up was performed for each
patient by the referring physician. Clinicians decided on a man-
agement plan for each patient during multidisciplinary team
meetings. We defined the impact of [**Ga]Ga-DOTA-TOC PET/
CT as any change in management decided by clinicians during

the multidisciplinary meeting triggered by [®*Ga]Ga-DOTA-
TOC PET/CT. Management changes were classified as major or
minor. An intermodality management change, defined as a man-
agement change between treatment modalities (e.g., from sur-
gery to medical therapy or from no treatment to therapy), was
classified as a major change. A minor change corresponded to
an intramodality management change, defined as a management
change within a treatment modality (e.g., change in chemother-
apy regimen or change of surgical procedure) or a management
change with no change in treatment (e.g., indication/no indica-
tion for biopsies or other diagnostic examinations).

2.4. Standard of truth

A composite standard of truth to evaluate the PET/CT results as
a true positive (TP), true negative, false positive and false neg-
ative was based on all data that were available during the fol-
low-up period: histological findings, the results of other imaging
and clinical follow-up. Histological findings, when available,
were considered trustworthy criteria.

2.5. Statistical analysis

Statistical analyses were performed using XLSTAT 2020.4.1
(Addinsoft, Paris, France). We considered a P value < .05 to
be statistically significant. Pairwise comparisons of sensitivities
of the different PET radiotracers on a lesion basis were per-
formed by Fisher’s exact test. Values of Ki-67 PI and SUV__are
reported as the median and interquartile range (IQR). The fol-
lowing parameters were normally distributed according to the
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Kolmogorov-Smirnov test. Thus, the correlation between the
values of Ki-67 Pl and SUV__of the same lesion was evaluated
using Pearson’s correlation coefficient.

3. Results

3.1. Patient characteristics

We excluded 2 patients with neuroendocrine carcinomas for
whom 2-["*F]FDG was the reference PET radiopharmaceutical
and 1 patient initially referred for a histologically proven rectal
NET that was misdiagnosed and corresponded finally to a stro-
mal tumor. Ultimately, thirty consecutive patients who met the
inclusion criteria were retrospectively included, and their clini-
copathologic features are presented in Table 1.

Of the 30 patients, 12 were females (40%). The median age
at initial diagnosis was 55 years (range: 28-76 years old). The
most common primary tumor site was the rectum, with a 9:1
rectum-to-sigmoid colon ratio. Based on the histology of pri-
mary tumors, 13 patients (43%) had a disease classified as NET
G1, 16 patients (54%) had a disease classified as NET G2, and
1 patient (3%) had a disease classified as NET G3.

As presented in Table 2, patients were referred to our cen-
ter for staging after an initial diagnosis of NET (11 exam-
inations), suspicion of incomplete resection of the primary
tumor (1 examination), suspicion of recurrence (5 exam-
inations), restaging (5 examinations), selection for PRRT (4
examinations) and systematic follow-up after treatment (4
examinations).

The median duration of follow-up after [**Ga]Ga-DOTA-
TOC PET/CT was 11 months (IQR, 3-24).
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3.2. [3¥Ga]Ga-DOTA-TOC PET/CT results

Of the 30 patients, 20 (67%) were scanned on a Gemini TF16
(PET/CT 1), and 10 (33%) were scanned on a Biograph mCT-
flow (PET/CT 2).

For the per-patient-based analysis, [**Ga]Ga-DOTA-TOC
PET/CT was accurate in all patients with 20 TPs and 10 TNs
(Table 2). The histologic proof was obtained for at least 1 lesion
in 14 of 20 patients with a positive [**Ga]Ga-DOTA-TOC PET/
CT result and in 1 patient with a negative [**Ga]Ga-DOTA-
TOC PET/CT result (true negative confirmed histologically after
biopsy of polypectomy scar in patient no. 25).

[¢*Ga]Ga-DOTA-TOC PET/CT correctly identified the pri-
mary tumor in all patients with primary tumor not resected
before the examination and in the patient with incomplete pri-
mary resection (patient no. 28).

Away from the primary tumor, the tumor sites that most
frequently exhibited pathological uptake were the liver
(15/30 cases), bones (12/30 cases) and PLNs (16/30 cases).
PLNs were notably detected in 7/11 of the patients referred
for initial staging of the disease (patients no. 2, 3, 5,9, 10, 19
and 27). Moreover, [**Ga]Ga-DOTA-TOC PET/CT enabled
the diagnosis of unexpected distant metastases in 4/11 of
these patients (unexpected liver metastases in patient no. 9;
unexpected bone metastases in patients no. 2, 9 and 27; and
unexpected spleen metastases (Fig. 2) in patient no. 17). In
all patients with liver metastases diagnosed before [**Ga]
Ga-DOTA-TOC PET/CT, this examination was positive for
liver involvement. Extra pelvic lymph node involvement was
rarely observed with a pathological uptake of abdominal and/
or thoracic lymph nodes seen in only 3 cases (patients no. 8,
23, 30), all indications included.

Patient characteristics.

Patient Age at initial Histological grading  Primary excision Surgical PET/CT Time interval between initial
no. Gender diagnosis (yrs) Primary site (WHO 2019) before SR PET  margin status  camera diagnosis and SR PET (mo)
1 M 47 Rectum G1 Yes R1 PET/CT 1 143
2 M 64 Rectum G2 No - PET/CT 2 0
3 F 45 Rectum G2 Yes N/A PET/CT 2 2
4 M 75 Rectum G2 No - PET/CT 1 21
5 F 49 Rectum G1 Yes RO PET/CT 1 4
6 M 43 Rectum G2 Yes RO PET/CT 2 49
7 F 37 Rectum G1 Yes RO PET/CT 1 7
8 M 58 Rectum G2 Yes RO PET/CT 1 148
9 F 52 Rectum G2 No - PET/CT 1 0
10 M 42 Rectum G2 No - PET/CT 1 9
1 M 56 Rectum G1 Yes RO PET/CT 2 12
12 M 50 Rectum G1 Yes R1 PET/CT 1 17
13 M 61 Rectum G2 Yes RO PET/CT 2 5
14 F 53 Sigmoid colon G1 Yes RO PET/CT 1 2
15 F 57 Sigmoid colon G1 Yes RO PET/CT 2 25
16 M 65 Sigmoid colon G2 Yes N/A PET/CT 1 41
17 F 50 Rectum G1 No - PET/CT 2 5
18 M 67 Rectum G1 Yes RO PET/CT 1 18
19 F 60 Rectum G1 No - PET/CT 1 26
20 M 38 Rectum G1 Yes RO PET/CT 1 74
21 F 44 Rectum G2 Yes RO PET/CT 1 16
22 F 59 Rectum G1 Yes N/A PET/CT 1 3
23 F 76 Rectum G2 Yes N/A PET/CT 1 60
24 M 62 Rectum G2 Yes N/A PET/CT 1 125
25 F 37 Rectum G1 Yes N/A PET/CT 1 4
26 M 44 Rectum G3 (Well diff tu; Ki-67 Yes RO PET/CT 1 12
30%)

27 M 28 Rectum G2 No - PET/CT 1 2
28 M 66 Rectum G2 Yes R2 PET/CT 2 24
29 M 62 Rectum G2 No - PET/CT 2 3
30 M 70 Rectum G2 No - PET/CT 2 38

F = female, M = male, N/A = not available, RO = no microscopic residual tumor, R1 = microscopic residual tumor, R2 = macroscopic residual tumor, SR = somatostatin receptors, Well diff tu = well-

differentiated tumor, WHO = World Health Organization; — = no surgery done.
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Results of [®®Ga]Ga-DOTA-TOC PET/CT on a per-patient basis.

Patient Indication to perform [Ga]Ga-DOTA-
no. SR-PET Context TOC PET/CT result Reference Tumour sites identified
1 Restaging Before planned liver transplant P Histology *Liver, PLN
2 Staging Rectal NET with hepatic lesions seen on Cl TP Histology *Primary, *Liver, PLN,
Bones
3 Staging After resection of the primary tumor TP Follow-up PLN
4 Selection for PRRT Progression of hepatic and bone metastases after TP Histology *Primary, Liver, PLN,
systemic treatments Bones
5 Staging After resection of a 6 mm rectal NET TP Histology *PLN
6 Restaging Doubtful image of the pancreatic tail (NET or adenocar- P Histology *Liver, Bones, *Pancreas
cinoma?) seen on Cl in a context of metastatic NET
7 Suspicion of recurrence Characterization of pelvic lymph nodes seen on N Follow-up -
echography
8 Restaging Alteration of general condition in a context of treated TP Follow-up ALN
metastatic NET
9 Staging After diagnosis of rectal NET P Histology *Primary, *Liver, PLN,
Bones
10 Staging After diagnosis of rectal NET with hepatic lesions seen TP Histology *Primary, *Liver, PLN
on Cl
1 Systematic follow-up Systematic search of residual disease 12 months after ™ Follow-up -
surgery
12 Selection for PRRT Progressive pelvic lymphadenopathy seen on Cl, TP Follow-up PLN
responsible for uncontrolled pain
13 Staging After resection of a large NET invading perirectal fat TP Follow-up Liver, Bones
with hepatic and bone lesions seen on Cl
14 Staging After resection of the primary tumor N Follow-up -
15 Systematic follow-up Systematic search of residual disease 2 years after N Follow-up -
surgery
16 Suspicion of recurrence Characterization of hepatic lesions seen on Cl TP Follow-up Liver, PLN
17 Staging After resection of rectal NET with hepatic and bone TP Histology *Primary, Liver, Spleen,
lesions seen on Cl Bones
18 Systematic follow-up Systematic search of residual disease 18 months after N Follow-up -
surgery
19 Staging After diagnosis of rectal NET with pelvic lymphadenop- TP Histology *Primary, PLN
athy seen on Cl
20 Suspicion of recurrence Elevated CgA serum level associated with flush N Follow-up -
21 Suspicion of recurrence Characterization of mesenteric lymph nodes seen on Cl N Follow-up -
22 Staging After resection of a 6 mm rectal NET N Follow-up -
23 Selection for PRRT Progression of hepatic metastases after systemic TP Follow-up Liver, PLN, ALN, TLN,
treatments Bones
24 Suspicion of recurrence Characterization of hepatic lesions seen on Cl TP Histology *Liver, PLN, Bones
25 Suspicion of incomplete After resection of a 6 mm rectal NET N Histology — (*Polypectomy scar)
resection of primary
26 Systematic follow-up Systematic search of residual disease 12 months after N Follow-up -
surgery
27 Staging After diagnosis of rectal NET with hepatic lesions seen TP Histology *Primary, *Liver, PLN,
onCl Bones
28 Restaging After 6 months of SSA treatment for multi-metastatic TP Histology *Primary, Liver, PLN,
disease Bones
29 Restaging After 2 months of SSA treatment for liver metastases TP Histology *Primary, Liver, PLN,
Bones
30 Selection for PRRT Disease progression after mTOR inhibitor therapy TP Histology *Primary, *Liver, PLN, ALN,

TLN, Bones, PL, Lung

ALN = abdominal lymph nodes, CgA = chromogranin A, Cl = conventional imaging (including contrast-enhanced CT and/or MRI), mTOR = mammalian target of rapamycin, PL = peritoneal lesions, PLN
= pelvic lymph nodes, PRRT = peptide receptor radionuclide therapy, SRS = somatostatin receptor scintigraphy, SSA = somatostatin analogue, TLN = thoracic lymph nodes, TN = true negative, TP = true

positive; *histological record; — = no lesion found.

The grade of the hindgut NET, the primary tumor location (sig-
moid colon or rectum) or the PET/CT machine used did not impact
the diagnostic performance of [**Ga]Ga-DOTA-TOC PET/CT.

3.3. Impact of [*®*Ga]Ga-DOTA-TOC PET/CT on patient

management

[¢Ga]Ga-DOTA-TOC PET/CT led to a management change in
17/30 (57%) patients (Supplemental Table, Supplemental Digital
Content, http:/links.lww.com/MD/H812). The management

changes consisted of 12 major changes and 5 minor changes.
The major intermodality changes were as follows: cancelation
of previously planned liver transplant (patient no. 1), indication

for SSA therapy (patients no. 2, 3, and 16), indication for a pre-

viously unplanned surgical operation (patients no. 5 and 9), indi-
cation for a chemotherapy (patient no. 10), validation of a PRRT

project (patients no. 4, 12,23 and 30) and indication for chemo-

embolization of liver metastases (patient no. 24). The minor
changes were intramodality management changes or changes in
the diagnostic strategy. Indeed, negative [**Ga]Ga-DOTA-TOC
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Figure 2. A 50-year-old woman (patient no. 17) was referred for initial staging after diagnosis of a rectal NET with liver and bone metastases seen on conven-
tional imaging. [#¥Ga]Ga-DOTA-TOC PET/CT showed multiple liver metastases with variable uptake due to intralesional heterogeneity. Rectal primary presented
an intense and homogeneous uptake. In addition to the known metastases, spleen metastases and some additional osteoblastic bone metastases were clearly

depicted with [¥Ga]Ga-DOTA-TOC PET/CT.

Figure 3. A 48-year-old man (patient no. 6) was referred to characterize a doubtful lesion of the pancreatic tail in the context of metastatic rectal NET. (A)
Axial [*Ga]Ga-DOTA-TOC PET/CT images showed several liver metastases and a focus (SUV,__ 9.8) localized at the tail of the pancreas (arrow), surrounded
by areas of high physiological uptake in the spleen, left kidney and left adrenal. This lesion was slightly visible on the corresponding nonenhanced CT scan
(arrow). (B) Axial 2-["®F]FDG PET/CT did not show pathological uptake at the pancreatic level. Axial gadolinium-enhanced T1-weighted fat saturated (C) and
axial enhanced-CT scan (D) images clearly displayed atypical NET metastasis of the pancreatic tail, which was not enhanced at arterial time and subsequently

confirmed by biopsy (arrows).

PET/CT results led to the cancelation of an unnecessary biopsy
or complementary imaging in 4 patients (patients no. 7, 20, 21
and 25). All changes were retrospectively classified as pertinent
apart from a case of inadequate minor change consisting of
an unnecessary pancreatic biopsy. In this patient with multiple
metastases (patient no. 6), a lesion localized at the tail of the
pancreas was questionable, potentially consistent with adenocar-
cinoma. This lesion was misinterpreted as negative on the initial
report, leading to a biopsy that revealed a NET. The retrospective
reading corrected this misinterpretation (Fig. 3).

3.4. Comparison with 2-["FJFDG and 6-["®F]JFDOPA PET/CT

In the 6 patients in whom 2-[F]FDG PET/CT (as well as 6-['*F]
FDOPA PET/CT in 3 of them) had also been performed, a clear

superiority of [**Ga]Ga-DOTA-TOC PET/CT over these 2 tech-
niques was observed, especially at the lesion level, according to
the number of lesions and to the intensity of uptake (Table 3).

3.4.1. Comparison with 2-["*F]JFDG PET/CT. At the patient
level, a TP was found by [**Ga]Ga-DOTA-TOC PET/CT in these
6 patients. A TP was found by 2-["*F]FDG in 5 of them, showing
at least 1 lesion and false negative in 1 patient (patient no. 1),
indicating a sensitivity of 83%.

On a lesion basis in these 6 patients, [**Ga]Ga-DOTA-TOC
PET/CT detected 49 foci versus 18 on 2-["*F]FDG PET/CT,
corresponding to a significant difference in sensitivity (P <.05;
Fisher’s exact test). Comparing [**Ga]Ga-DOTA-TOC PET/CT
and 2-["¥F]FDG PET/CT findings site by site, [**Ga]Ga-DOTA-
TOC PET/CT identified more foci in the pelvic lymph nodes (10
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Comparison of lesion sites, number of lesions and SUV__ values between [**Ga]Ga-DOTA-TOC, 2-['*F]FDG and 6-[**FIFDOPA PET/CT.

Patient Lesion sites [%3Ga]Ga-DOTA-TOC: 2-['*F]FDG: 6-['®F]JFDOPA: Suv_. [®Ga] SUv_. Suv_.,
no. (Ki-67 PI) number of lesions number of lesions number of lesions Ga-DOTA-TOC 2-['®*F]FDG 6-["*F]FDOPA
1 Nodes 1 0 0 4.7 npu npu
*Liver (1%) 5 0 0 32.2 npu npu
2 *Rectum 2 1 - 46.1 3.5 -
(3%)
Nodes 1 1 - 20.1 2.4 -
*Liver (6%) 5 0 - 35.2 npu -
Bones 5 0 - 44.8 npu -
3 Nodes 5 3 0 1.2 3.6 npu
4 *Rectum 1 1 0 31.8 4.6 npu
(15%)
Nodes 2 0 0 221 npu npu
Liver 5 5 0 447 7.5 npu
Bones 5 5 5 43.5 7.2 5
5 *Nodes (1%) 1 1 - 56.1 8.9 -
6 *Liver (10%) 5 1 - 21.2 4 -
Bones 5 0 - 16.9 npu -
*Pancreas 1 0 - 9.8 npu -
(10%)

npu = no pathological uptake, Pl = proliferative index; * = histological record; — = not performed.

Number of lesions detected by [**Ga]Ga-DOTA-TOC and 2-['®F]
FDG PET/CT.

Lesion sites [®®Ga]Ga-DOTA-TOC PET/CT 2-['®F]FDG PET/CT
PLN 10 5
Liver 20 6
Bones 15 5
Pancreas 1 0
Rectum 3 2
Total 49 18

PLN = pelvic lymph nodes

vs. 5), liver (20 vs. 6), bones (15 vs. 5), pancreas (1 vs. 0) and
rectum (3 vs. 2) (Table 4).

3.4.2. Comparison with 6-[*FJFDOPA PET/CT. 6-[*FJFDOPA
PET/CT was positive in 1 of 3 patients (patient no. 4), showing a
few bone lesions with a very low intensity of uptake and missing
all other extraosseous lesions (primary tumor, lymph nodes
and liver (Fig. 4)), indicating a sensitivity of 33%. On a lesion
basis in patient no. 4, [**Ga]Ga-DOTA-TOC PET/CT detected
24 foci versus 5 on 6-["*FIFDOPA PET/CT, corresponding to a
significant difference in sensitivity (P < .03; Fisher’s exact test).
The SUV,__values for each lesion detected with [**Ga]Ga-DOTA-
TOC PET/CT, 2-[*F]FDG and 6-["*F][FDOPA PET/CT are reported
in the previous Table 3. Comparing lesion by lesion, SUV__ for
[¢8Ga]Ga-DOTA-TOC PET/CT was clearly higher in all lesions.

3.5. Study of the relationship between the value of ki-67 Pl
and [%¥Ga]Ga-DOTA-TOC PET/CT uptake

There was no significant correlation between the Ki-67 PI and
SUV,__ values among the 17 available lesions (r = -0.15, P = .56)
(Fig. 5). Among these 17 lesions, 4 (24 %) grade 1 samples had a
median Ki-67 PI of 1% (IQR, 1-1) and median SUV__ of 27.2
(IQR, 21.5-38.2), and 13 (76 %) grade 2 samples had a median
Ki-67 PI of 9% (IQR, 5-10) and median SUV__ of 23.6 (IQR,
19.7-35,2). The subgroup analysis of an association between
values of Ki-67 PI and SUV___ within grade 2 samples was not
significant (r = -0.03, P =.95) and could not be conducted for
grade 1 samples due to an insufficient sample size (Table ).

4. Discussion

To the best of our knowledge, the present study is the first to
explore the diagnostic performance of [*Ga]Ga-DOTA-TOC
PET/CT in the specific context of well-differentiated colorec-
tal NETs deriving from the hindgut, including both rectal and
colic NETs. Our results indicate the high performance of [**Ga]
Ga-DOTA-TOC PET/CT, consistent with the known high per-
formance of [**Ga]Ga-DOTA-TOC PET/CT and, more gener-
ally, of SR PET in well-differentiated NETs regardless of their
origin. In this respect, 2 meta-analyses showed pooled sensitiv-
ities and specificities of [**Ga]Ga-DOTA-TOC PET/CT of 92%
to 93% and 82% to 85%, respectively,?>?3! in different types
of NETs.

The excellent diagnostic performance of [**Ga]Ga-DOTA-
TOC PET/CT led to a change in management in 57% of
patients, a proportion similar to that reported in the metanal-
ysis of Graham et al.,”?! which considered all types of NETs.
[¢*Ga]Ga-DOTA-TOC PET/CT greatly impacted management
by allowing the identification of additional sites of disease when
surgery with curative intent was considered and provided signif-
icant additional information compared with anatomic imaging.
This additional information most commonly consisted of unex-
pected identification of disease in bone, liver, and nodal sites. The
impact of SR PET in our study was pertinent in all cases except
for a minor inadequate change in patient no. 6 for whom an ini-
tial misinterpretation of the [**Ga]Ga-DOTA-TOC PET/CT led
to an unnecessary pancreatic biopsy. Our re-reading, performed
with careful confrontation of [**Ga]Ga-DOTA-TOC PET/CT
with contrast-enhanced abdominal CT and magnetic resonance
imaging, allowed us to retrospectively correctly characterize this
pancreatic lesion whose uptake was significant but of moderate
intensity in a location (the tail of pancreas) surrounded by zones
of high physiologic uptake, such as the spleen and kidney. This
example emphasizes the value of comparing SR PET with highly
specialized morphologic imaging techniques even if, globally, SR
PET has been shown to be superior to anatomic imaging!** for
the detection of well-differentiated NETs.

Along with SR PET, NETs can be imaged by using PET with
other radiopharmaceuticals. 2-["F]FDG and 6-["*F|[FDOPA are
commonly used in nuclear medicine to study different aspects
of tumor biology, such as glucose or amino acid metabolism.
In the present paper, we conducted an intraindividual compar-
ison of the results in the few patients who were also explored
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Figure 4. Anterior view of 3D maximum intensity projection PET images: 6-["®FJFDOPA (A), [*Ga]Ga-DOTA-TOC (B) and 2-['®F]JFDG (C) PET images performed
on a 77-year-old man (patient no. 4) for workup before the new treatment strategy of a progressive metastatic rectal NET. All 3 radiotracers identified lesions
at the bone level (arrows). However, [#Ga]Ga-DOTA-TOC and 2-["®F]JFDG PET identified many more lesions than 6-["®FJFDOPA. 6-["®F[FDOPA did not show
extraosseous lesions. [(*Ga]Ga-DOTA-TOC and 2-['®F]FDG PET identified the primary tumor and lesions at the liver level, while only [?¥Ga]Ga-DOTA-TOC iden-
tified lesions at the pelvic lymph node level. [**Ga]Ga-DOTA-TOC PET clearly showed a much more intense uptake than other radiotracers.
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Figure 5. Relationship between Ki-67 and [**Ga]Ga-DOTA-TOC SUV__ . No correlation was demonstrated. The figure was prepared using XLSTAT (Addinsoft,

New York, USA).

with 2-['"®F]FDG and/or 6-[FIFDOPA PET/CT. Overall, the
diagnostic performance of [*®*Ga]Ga-DOTA-TOC PET/CT

Matched Lesions—Ki-67 Pl and SUV__

X"

Histological grading Total,n (%) Ki-67 PI, Median  SUV__, Median

(WHO 2019) (n=17) (%) (1GR) (IR) P
1 4 (24) 10 1) 272215-382) ns
2 13 (76) 96-10)  236(19.7-352) .95

IQR = interquartile range, ns = not significant, Pl = proliferative index, WHO = World Health Organization.

appeared to be superior to that of 2-['"*F]FDG PET/CT. 2-["*F]
FDG PET/CT identified only the same lesions detected on [**Ga]
Ga-DOTA-TOC PET/CT with no additional tumor site. [**Ga]
Ga-DOTA-TOC PET/CT was able to detect a higher number
of lesions at the rectum, pelvic lymph node, bone and liver lev-
els. Compared with 2-['*F]FDG PET/CT, [**Ga]Ga-DOTA-TOC
had an extraordinary target-to-background contrast, reflected
in high standardized uptake values, which were significantly
greater than those seen with 2-["*F]FDG. Indeed, given the low
metabolic rate of most well-differentiated NETs, standard PET
imaging using 2-["®*F]FDG is relatively ineffective, but posi-
tivity suggests a highly aggressive lesion and a worse progno-
sis.1-271 Conversely, with the potential prognostic interest of a
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complementary PET exploration using 2-['*F]FDG, we found
no interest in using 6-['*F]JFDOPA, which has a very poor sen-
sitivity for NETs derived from the hindgut, with the reservation
of the very small number of patients in whom both examina-
tions were performed. In digestive NETs, this poor sensitivity
is also observed in NETs derived from the foregut, in contrast
with the fact that 6-['"*FJFDOPA PET/CT is an excellent tool
in NETs derived from the midgut,?¥ with a diagnostic perfor-
mance sometimes better than that of SR-PET.?’!

Otherwise, we did not find any correlation between the val-
ues of Ki-67 PI and [**Ga]Ga-DOTA-TOC PET/CT SUV__
which differs from the results of Chan et al.,?” where an inverse
correlation between the values of Ki-67 PI and SUV__ was
observed in NETs. This might be explained by the low statistical
power of our analysis.

The clinicopathological characteristics of our study popula-
tion were comparable with those of large epidemiologic cohorts
in terms of the male-to-female ratio, median age at initial diag-
nosis and proportion of colic and rectal NETs,3!*% with a high
predominance of rectal localization. The most represented his-
tological grade in our study was grade 2, which differs signifi-
cantly from the high predominance (95%) of grade 1 described
by Kim et al.,*" but the majority of the patients in our study
were referred for extensive disease, although 93% of patients
in the descriptive study by Kim et al.’' had a localized disease.

We reported that lymph nodes were a common site for metas-
tases, mainly in the pelvis with involvement of presacral nodes
and nodes adjacent to the iliac arteriovenous system, a distri-
bution corresponding to that described by Gut et al.’*! In this
respect, it is interesting to note that this lymph node distribu-
tion appears to differ from that of foregut and midgut NETs,
where lymph node involvement is more widespread, especially
for midgut NETs with frequent involvement of supra-diaphrag-
matic lymph nodes.?>*! In our series, hindgut NETs involved
the supra-diaphragmatic lymph nodes in only 2/30 patients
(patients no. 23 and 30) who were being followed for metastatic
disease in the context of therapeutic failure. We also reported
atypical splenic involvement in 1 patient referred for initial
staging (patient no. 17) associated with synchronous multiple
liver and bone metastases. NET metastases involving the spleen
are extremely rare, with an estimated prevalence of 0.07%,5°!
because reticulo-endothelial tissue creates an unfavorable envi-
ronment for the growth and survival of tumor cells.?”*! To
our knowledge, splenic involvement has never been reported in
hindgut NETs before. Splenic metastases may originate from the
splenic artery, splenic vein or lymphatics, but here, we supposed
a hematogenous origin considering the multiple associated vis-
ceral metastases. Last, we reported only 1 patient with patho-
logical pulmonary uptake in our cohort, reflecting the lower
potential of rectal NETs to invade the lungs compared with ade-
nocarcinomas at this site, as previously shown.’!

This study has several limitations. The first limitation,
shared by most imaging studies addressing the search for met-
astatic disease, is the lack of sufficient histological proof for
most of the suspected metastases. Indeed, verification of every
lesion was not feasible and ethically justifiable in most of the
cases due to the tumor load, so we chose to use a compos-
ite standard of truth based on follow-up data and histological
findings, if available. The second limitation of this work is its
retrospective design, especially for the analysis of the impact on
patient management, which was measured indirectly based on
multidisciplinary team meeting conclusions and not by ques-
tionnaires (before and after PET examination) addressed to
referring clinicians. Another limitation is the small size of the
sample; however, associated with the rarity of patients pres-
ently referred, access to SR-PET is still limited in terms of PET/
CT machines and [**Ge]Ge/[**Ga]Ga radionuclide generators.
Finally, another notable limitation of this work was the fact
that most patients were referred for [**Ga]Ga-DOTA-TOC
PET/CT after other imaging techniques had failed or had given

www.md-journal.com

insufficient results, preventing a real comparison between the
performance of [**Ga]Ga-DOTA-TOC PET/CT and the perfor-
mance of other imaging modalities.

5. Conclusion

[¢*Ga]Ga-DOTA-TOC PET/CT appears to be a high-perfor-
mance imaging modality in the assessment of well-differentiated
NETs originating from the hindgut with a pertinent impact on
patient management. We suggest that [*Ga]Ga-DOTA-TOC
PET/CT be employed as the first-choice nuclear medicine
modality, possibly with 2-["8F]FDG PET/CT as a complemen-
tary method for its potential in evaluating the prognosis of the
disease.
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