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Abstract: Peptide receptor radionuclide therapy (PRRT) has been recognized as a promising therapy
against neuroendocrine tumors (NETs). The use of 18F-fluorodeoxyglucose (18F-FDG) positron
emission tomography (PET) in NETs has been a matter of controversy. The purpose of this study
was to evaluate the long-term survival and efficacy of a second PRRT course with 177Lu-DOTATE
in patients with advanced gastroenteropancreatic (GEP) NETs. Furthermore, the value of 18F-FDG
PET/CT in these patients was evaluated. 40 patients with GEP NETs who underwent two PRRT
courses with 177Lu-DOTATATE and combined examinations with 68Ga-DOTA-TOC and 18F-FDG
PET/CT were evaluated. After the second PRRT course, two patients (5.0%) were in partial remission,
21 patients (52.5%) in stable disease and 17 patients (42.5%) had progressive disease. The median
overall survival was 122.10 months. After the second PRRT course, the median overall survival was
significantly higher (p = 0.033) in the 18F-FDG-negative group compared to the 18F-FDG-positive
group (145.50 versus 95.06 months, respectively). The median time to progression was 19.37 months.
In conclusion, a second PRRT course with 177Lu-DOTATE is an effective treatment approach for GEP
NET patients with disease progression. A change in 18F-FDG status after PRRT may predict the
disease course and survival. Patients who are 18F-FDG-negative have a significantly longer overall
survival than those who are 18F-FDG-positive.

Keywords: neuroendocrine tumors; peptide receptor radionuclide therapy; 177Lu-DOTATE; 18F-
FDG PET

1. Introduction

Neuroendocrine tumors (NETs) are a heterogeneous group of neoplasms characterized
by their overexpression of somatostatin receptors on the cell surface [1,2]. The incidence of
NETs has been rising over the past 30 years, particularly those arising from the midgut and
pancreas [3]. The World Health Organization (WHO) guidelines classify gastroenteropan-
creatic (GEP) NET into three grades: low grade (grade 1, Ki-67 < 2%), intermediate grade
(grade 2, Ki-67 3%–20%) and high grade (grade 3, Ki-67 > 20%) [4].

NETs can be asymptomatic for years and so they are often diagnosed in a metastatic
or locally advanced state where a systemic therapy is required [5,6].

Somatostatin receptor (SR) imaging with 68Ga-labelled peptide positron emission
tomography (PET)/computed tomography (CT) has been shown to provide excellent
sensitivity and specificity for diagnosing and staging NETs [7,8]. Nilica et al. [9] showed
that the investigation of only SR status by 68Ga-DOTA-TOC PET/CT may not reflect
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progression in a certain NET lesion which might induce an earlier therapy start or an
alternative therapy.

18F-fluorodeoxyglucose (FDG) PET/CT is used to assess glycolytic metabolism, and a
higher uptake of 18F-FDG has been found to be associated with tumor aggressiveness [10].
18F-FDG PET/CT has thus been used increasingly in the past few years for the evaluation
of high-grade NETs [10,11]. 18F-FDG PET is not indicated primarily for NETs because of
its poor sensitivity to detect tumors with low metabolic activity and slow growth [12].
However, Binderup et al. [13] showed that although the diagnostic sensitivity of 18F-FDG
PET is low for NETs, the prognostic value is high.

Peptide receptor radionuclide therapy (PRRT) is a molecularly targeted radiation
therapy involving the systematic administration of a specific radiopharmaceutical com-
posed of a β-emitting radionuclide chelated to a peptide, designed to target with high
affinity and specificity receptors overexpressed on the cell surface of tumors. In general,
PRRT is used after failing first-line medical therapy. The standard indication for PRRT
is a metastatic and inoperable SR-positive NET, evaluated by SR imaging with PET or
scintigraphy [14–17]. The high absorbed tumor dose following PRRT may lead to partial or
even complete objective response. Gabriel et al. [18] reported that the documented overall
response to treatment in GEP NETs, neuroectodermal tumors (such as paraganglioma or
phaeochromocytoma) or lung NETs is ~80%, stable disease/minor response ~55%, com-
plete/partial remission ~25% and progressive disease ~20%. PRRT has been shown to also
be effective in terms of both symptomatic control and survival [15,18,19]. The NETTER-1
trial [19], a randomized, controlled international phase three study that evaluated the
efficacy and safety of 177Lu-DOTATATE in patients with advanced progressive, SR-positive
midgut NET, found that treatment with 177Lu-DOTATATE resulted in markedly longer
progression-free survival and a significantly higher response rate than a high-dose of the
long-acting, non-radioactive octreotide among these patients. The time to progression
was significantly higher in patients treated with 177Lu-DOTATATE compared to that in
patients treated with octreotide LAR, with a median time to progression not reached for
177Lu-DOTATATE and 8.7 months for octreotide LAR [19].

The purpose of this retrospective study was to evaluate the long-term survival and
efficacy of a second PRRT course with 177Lu-DOTATE in patients with advanced GEP
NETs. Furthermore, it aimed to evaluate the value of 18F-FDG PET/CT in these patients
and whether possible changes in tumor 18F-FDG-uptake correlate with disease course.

2. Results
2.1. Survival

The median overall survival was 122.10 months. The longest survival was 231 months
in a 56-year-old female who is still alive. No significant difference in duration of disease was
found between male and female patients (122.18 months versus 80.97 months, respectively;
log-rank test p = 0.246) (Figure 1).

2.2. Disease Course after Second PRRT Course

At final evaluation, 28 (70.0%) patients (18 male and 10 female) were alive and 12 (30%)
patients (eight male and four female) died. The shortest duration of NET evaluation after a
second PRRT course was 30 days in a 54-year-old man, who died due to NET progression.

The disease course after the second PRRT course is listed in Table 1. Out of 40 patients,
two patients (5.0%) were in partial remission (Figure 2), 21 patients (52.5%) were in stable
disease and 17 patients (42.5%) had progressive disease (Figure 3).

The median time to progression was 19.37 months (Q1–Q3, 10.83–47.07 months) (Figure 4).
No significant difference in time to progression between male and female patients could
be found (mean time to progression 26.06 ± 28.34 months versus 47.49 ± 37.37 months,
respectively).
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Table 1. Disease course after the second peptide receptor radionuclide therapy (PRRT) course.

Partial Remission Stable Disease Progressive Disease Total

Sex Female 0 7 7 14
Male 2 14 10 26

Total 2 21 17 40
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Figure 1. Life span curve.

2.3. 18F-FDG Uptake Status Related to Survival

At baseline, 33 (82.5%) patients were 18F-FDG-negative, and 7 (17.5%) patients were
18F-FDG-positive. After the second PRRT course, 26 (65.0%) patients were 18F-FDG-
negative, and 14 (35.0%) patients were 18F-FDG-positive (Table 2).

Table 2. 18F-FDG-uptake status.

Before PRRT After First PRRT Course After Second PRRT Course

Negative 33 30 26
Positive 7 10 14

Total 40 40 40

After the first PRRT course out of 40 patients, 35 (87.5%) patients have undergone
no change in their 18F-FDG status and five (12.5%) patients changed their 18F-FDG status,
with four (10.0%) patients from negative to positive and one (2.5%) patient from positive
to negative 18F-FDG status. After the second PRRT course, out of 40 patients, 30 (75.0%)
patients have undergone no change in their 18F-FDG status and 10 (25.0%) patients changed
their 18F-FDG status, with seven (17.5%) patients from negative to positive 18F-FDG status
and three (7.5%) from positive to negative 18F-FDG status.

After the second PRRT course, the median overall survival was significantly higher
(p = 0.033) in the 18F-FDG-negative group compared to the 18F-FDG-positive group. The
median overall survival was 145.50 months (95% CI, 83.34–207.67) versus 95.06 months
(95% CI, 48.36–141.77), respectively (Figure 5).
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Figure 2. 30year-old male patient with NET G2 in the pancreatic tail, Ki-67 12% in liver metastases, 
and right hepatectomy. 68Ga-DOTA-TOC and to a less extent 18F-fluorodeoxyglucose (18F-FDG) 
positron emission tomography (PET) show multiple liver metastases at baseline and partial remis-
sion after the second PRRT with 177Lu-DOTA-TATE. CT: computed tomography. 

  

Figure 2. 30year-old male patient with NET G2 in the pancreatic tail, Ki-67 12% in liver metastases,
and right hepatectomy. 68Ga-DOTA-TOC and to a less extent 18F-fluorodeoxyglucose (18F-FDG)
positron emission tomography (PET) show multiple liver metastases at baseline and partial remission
after the second PRRT with 177Lu-DOTA-TATE. CT: computed tomography.
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Figure 3. 60-year-old male patient with NET G2 in the ileum. 68Ga-DOTA-TOC PET shows bone, 
lymph node and liver metastases at baseline, stable disease after 1 PRRT cycle, and progressive 

Figure 3. 60-year-old male patient with NET G2 in the ileum. 68Ga-DOTA-TOC PET shows bone,
lymph node and liver metastases at baseline, stable disease after 1 PRRT cycle, and progressive
disease after the second PRRT with 177Lu-DOTA-TATE while 18F-FDG-PET was negative both at
initial evaluation and after 1 PRRT cycle.
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3. Discussion

PRRT has been increasingly recognized as one of the most promising therapies against
NETs. Our study aimed to evaluate the long-term efficacy and survival after a second
PRRT course with 177Lu-DOTATE. Overall, eight (30.77%) of 26 male and four (28.57%)
of 16 female patients died, which means that nearly two thirds of patients were still alive
after a second PRRT course with 177Lu-DOTATE. Recently, in a twelve-year follow-up after
a first full PRRT course performed at our department, Gabriel et al. [18] found that 32%
(14/44 patients) of the patients with metastatic or inoperable NET disease were still alive
more than 12 years after the beginning of PRRT, with a median overall survival of 79 months.
Other studies reported a median overall survival ranging from 22 to 71 months [15,20–22].
The longer median overall survival of 122.10 months found in our cohort of patients might
be attributed to the second PRRT course performed in the event of disease progression.
The median interval between histological diagnosis and the first scintigraphic examination
in this study was 5.83 months (Q1–Q3, 1.40–26.98 months). A shorter interval might induce
an earlier therapy start date and thereby result in a better prognosis. In roughly 20% of
patients, toxicity findings (mild or moderate increase in nephro- or hematotoxicity grade)
were observed. However, in terms of safety, re-PRRT had no critical impact on further
oncologic treatment options in the case of disease progression (data in publication).

Although in our study no significant difference could be identified regarding a benefit
for the female sex, as reported in other studies [18,23], the Kaplan–Meier survival plots
seem to indicate a survival benefit with regard to the female sex. This benefit can be
assumed as an inherent gender effect [18] because there was no significant difference in
age, disease spread, diagnosis or therapeutic methods used in our cohort of patients.
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Although 18F-FDG PET is widely used in oncology, its use in NETs has been a matter of
controversy. Binderup et al. [13] showed that a negative 18F-FDG-PET result is predictive of
low aggressiveness and a high survival rate. Zhang et al. [24] reported a significant benefit
in overall survival and in progression-free survival for their 18F-FDG-negative group of
patients. We found similar results, where the median overall survival after the second
PRRT cycle course was significantly longer in the 18F-FDG-negative group compared to
the 18F-FDG-positive group. However, our study had two limitations. First, it used a
retrospective design, and second, it assessed a relatively small number of patients in a
single institution. Therefore, our results may have been affected by selection bias.

In agreement with our previous report [9], we found in the present study that seven
out of 40 patients developed 18F-FDG-positive lesions in the long term follow up, while
we observed in three patients a change from 18F-FDG-positive status to 18F-FDG-negative
status after the second PRRT course. This might conclude to a regression of tumor aggres-
siveness and a better survival for these patients. Accordingly, we found that the patients
who underwent a change from their 18F-FDG-positive status into a 18F-FDG-negative sta-
tus after the second PRRT course were still alive at the end of the study and had partial
remission to stable disease. In contrast, four out of seven patients who underwent a change
from their 18F-FDG-negative status into a 18F-FDG-positive status deceased under stable to
progressive disease. This might be due to a higher tumor aggressiveness in the 18F-FDG-
positive tumor lesions. Our results seem thus to confirm that a change in 18F-FDG status
after PRRT may predict the disease course and survival.

Applying a dual-tracer approach with SR and 18F-FDG-PET imaging therefore can help
the decision-making process for therapy selection in NET patients. In cases with a change
of 18F-FDG status, rebiopsy to reevaluate the NET grade or Ki-67 might be considered.

PRRT is a well-established treatment for patients with GEP NET G1 and G2. In GEP
NET G3 patients, the application of PRRT is still limited due to previous assumptions that
because of lacking or low SR expression and rapid tumor growth rate, a benefit from PRRT
should be not expected [25]. However, in recent retrospective studies [26,27] it has been
shown that a substantial number of high-grade NETs showed an increased uptake on SR
imaging, which could indicate a high tumor SR expression. Supporting the effectiveness
of PRRT in GEP NET G3 with positive SR imaging, a recent review by Sorbye et al. [28]
reported promising response rates (31–41%) and disease control rates (69–78%) in these
tumors. In agreement with these results, we could confirm the value of PRRT in eight
patients with GEP NET G3 included in this study.

Cytotoxic treatment with cisplatin and etoposide has been used in the past few years
as a standard treatment for metastatic neuroendocrine carcinomas [29]. However, the
progression-free survival after platinum-based chemotherapy is short (2.4–5 months) for
NET G3 [26–28]. Therefore, a NET G2-like medical treatment strategy could be more ap-
propriate for patients with NET G3 [28]. Therapeutic alternatives comprise temozolomide-
based chemotherapy and PRRT. Further studies, as are on-going in our department, are
needed to assess the value of PRRT/chemoradionuclide therapy for NET G3 and other
aggressive NETs after the second PRRT course that show 18F-FDG-positive lesions.

In conclusion, our study shows that a second PRRT course with 177Lu-DOTATE is an
effective treatment approach for GEP NET patients with disease progression. Furthermore,
a change in 18F-FDG status after PRRT may predict disease course and survival. Patients
who are 18F-FDG-negative have a significantly longer overall survival than those who are
18F-FDG-positive (median of 122.10 months versus 48.00 months in our cohort of patients).

4. Materials and Methods
4.1. Patients

A cohort of 40 patients with a histological confirmation of NETs (according to the
European Neuroendocrine Tumors Society (ENETS) criteria) [4] who underwent both
two PRRT courses with 177Lu-DOTATATE (after the confirmation of SR-positive lesions
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with 68Ga-DOTA-TOC PET/CT), and three combined studies with 68Ga-DOTA-TOC and
18F-FDG PET/CT at our department between 2005 and 2019 was retrospectively evaluated.

The local ethics committee approved the study (EK Nr: 1195/2018), and all patients
gave their written informed consent.

The present evaluation included a total of 26 (65%) males and 14 (35%) females. The
mean age at initial diagnosis was 54.63 ± 12.85 years, with the youngest patient being
29 years old and the oldest patient being 83 years old at the time of initial diagnosis. The
majority (72.5%) of the 40 patients investigated had a well-differentiated NET of grade 2.
The Ki-67 index was evaluated with immunohistochemistry. The demographic details are
given in Table 3.

Table 3. Demographic data.

Characteristic Number (n) Percentage (%)

Total number of patients 40
Age at initial diagnosis (years)

Mean ± standard deviation
Range

54.63 ± 12.85
29–83

Gender
Male

Female
26
14

65.0
35.0

Primary tumor site
Pancreas
Stomach

Small bowel
Colon

Rectum

18
2

18
1
1

45.0
5.0
45.0
2.5
2.5

Sites of metastases
Liver

Lymph nodes
Bone
Lung

Peritoneum
Small bowel

Spleen
Suprarenal gland

36
15
7
1
6
1
2
1

90.0
37.5
17.5
2.5

15.0
2.5
5.0
2.5

Grade
1
2
3

Unknown

2
29
8
1

5.0
72.5
20.0
2.5

n = number of patients, except age in years.

All patients included in the study were in advanced stages, requiring systemic anti-
tumor therapy in a palliative setting and were in progressive disease after the first PRRT
course. In particular, more than 55% of patients had metastases in more than one location,
and most of them showed widespread metastases. Before undergoing PRRT, 16 patients
were treated with other modalities including resection of the primary tumor (eight pa-
tients), radiofrequency ablation or embolization of metastases (one patient) or combined
treatment with either resection, radiofrequency ablation or embolization of metastases
(seven patients). The remaining 24 patients with widespread metastases were referred for
PRRT without previous therapy.

The median overall survival, meaning the time after which 50% of patients were still
living and 50% had died, included the time from the initial histological diagnosis or the
first examination by 68Ga-DOTATOC PET/CT to the date of death or, for survivors, the
last day of evaluation, namely, 31 December 2019. The median overall survival refers to
how long patients survived with a NET disease. In particular, it was the time when half
the patients were expected to be alive.
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The time to progression was calculated as the time between first PRRT course and the
second PRRT course.

4.2. Peptide Receptor Radionuclide Therapy (PRRT) Regimen

The median interval between histological diagnosis and the first scintigraphic exami-
nation was 5.83 months (Q1–Q3, 1.40–26.98 months). The median interval between initial
diagnosis and first PRRT cycle was 25.06 months (Q1–Q3, 2.36–37.1 months). The median
interval between initial diagnosis and the second PRRT cycle was 46.08 months (Q1–Q3,
27.73–85.2 months).

68Ga-DOTA-TOC and 18F-FDG PET/CT were performed at baseline (i.e., before PRRT),
3 months after completion of the first full PRRT course and every 6–9 months thereafter as
part of a routine work-up. 68Ga-DOTA-TOC and 18F-FDG PET/CT were performed within
2 days to 6 weeks (mean 3.16 weeks) of each other. Between these two scans, no therapy
including PRRT was given.

177Lu-DOTA-TATE were administered intravenously. The periods between baseline
evaluation and the first PRRT administration, and between RECIST 1.1 assessment and
PRRT administration were <4 weeks. A PRRT course included 3–4 therapies with 7.4 GBq
177Lu-DOTA-TATE each, administered at an interval of 10–14 weeks apart from each other.

A second full PRRT course was started after a median interval of 46.06 months (Q1–
Q3, 27.75–85.2 months) after the first PRRT course. The PRRT treatment scheme was
individually adapted concerning the doses and time intervals, depending on tumor stage,
age, tracer uptake, biochemical response, Karnofsky Index and quality of life.

The mean cumulative administered radioactivity after the second PRRT cycle with
177Lu-DOTA-TATE was 48.83 ± 11.81 GBq (range 37.04–60.62 GBq).

The treatment protocol used [14] included the additional administration of “cold“,
long-acting somatostatin analogues. These were administered after each 177Lu-DOTA-
TATE injection and repeated 4 weeks thereafter. Retreatment with 177Lu-DOTA-TATE was
performed at least 6 weeks after the use of long-acting somatostatin analogues.

4.3. Positron Emission Tomography (PET)

4.3.1. 68Ga-DOTA-TOC

The preparation of 68Ga-DOTA-TOC was based on a fully automated synthesis, as de-
scribed previously [30]. The patients received 100–150 MBq of 68Ga-DOTA-TOC (20–30 µg)
intravenously. PET acquisition was started 60–90 min (median 75 min) after injection.
Imaging was performed with a dedicated PET scanner (MS-Advance or MS-Discovery
450; GE Healthcare). Images were acquired from the head to the mid-thigh. Attenuation
correction was performed using transmission data obtained with a 67Ge pin source at
3 min per bed position (MS-Advance) or a CT scan (MS-Discovery 450). Ordered-subsets
expectation maximization was used for image reconstruction.

4.3.2. 18F-FDG

Patients received 200–300 MBq of 18F-FDG intravenously after fasting for at least 8 h.
PET acquisition was started 52–80 min (median 65 min) after injection. The settings and
protocol were as described for 68Ga-DOTA-TOC.

4.3.3. CT

A 2.5-mm helical CT scan was performed on a HiSpeed CT/I Advantage scanner (GE
Healthcare). Approximately 1.5 mL/kg body weight of Visipaque 320 contrast medium
(GE Healthcare) was administered.

4.3.4. Image Review
68Ga-DOTA-TOC and 18F-FDG PET images were assessed by two experienced board-

certified nuclear medicine physicians. The criteria for a positive finding on PET studies
were focal area(s) of increased tracer uptake or diffusely increased uptake, excluding physi-
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ological uptake, in comparison with adjacent tissue on axial, coronal and sagittal images.
When the PET results corresponded with those of conventional imaging or histopathology,
or when a corresponding lesion appeared on conventional imaging during follow-up,
the PET results were rated as true-positive. Lesions not detected on the PET but seen
on conventional imaging and showing progression during follow-up or confirmed by
histopathology were rated as false-negative. PET results suggestive of tumor lesions with-
out corresponding lesions found unconventional imaging during follow-up or verification
by histopathology were rated as false-positive.

All PET/CT images were analyzed using commercially available software (eNTEGRA;
GE Healthcare), which allowed for the review of PET, CT and fused imaging data. RECIST
1.1 was used for determining the tumor response to treatment. Based on all imaging and
histological findings as appropriated, the tumor response was categorized as a complete
response, partial remission, stable disease or progressive disease [31,32].

4.3.5. Statistical Data Analysis and Data Collection

Patient and disease-related data were collected from hospital electronic records and
imaging and from the medical reports of outside hospitals. SPSS software (version 26.0
for Windows SPSS Inc., Chicago, IL, USA, and LEAD Technologies, Charlotte, NC, USA)
was used for the statistical evaluation of the results. Continuous variables are expressed as
mean values with standard deviations. Graphs and tables were created using Microsoft
Excel and Microsoft Word. Lifetime analyses were used to investigate the differences in the
predefined groups. Kaplan–Meier graphs showed the probability of survival. The log-rank
test was used to compare the survival distribution between groups. In all analyses, a p
value of less than 0.05 was considered statistically significant.

Author Contributions: Conceptualization: M.R. and I.V.; methodology: M.R., H.S., B.N. and C.U.;
software: K.-K.W., H.S., B.N. and C.U.; investigation: M.R. and K.-K.W.; data curation: M.R., K.-K.W.
and H.S.; writing—original draft preparation: M.R. and K.-K.W.; writing—review and editing: M.R.
and I.V.; supervision: I.V. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Ethics Committee of the Medical University of
Innsbruck (protocol code EK Nr: 1195/2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Reubi, J.C. Peptide Receptors as Molecular Targets for Cancer Diagnosis and Therapy. Endocr. Rev. 2003, 24, 389–427. [CrossRef]
2. Reubi, J.C.; Schär, J.-C.; Waser, B.; Wenger, S.; Heppeler, A.; Schmitt, J.S.; Mäcke, H.R. Affinity profiles for human somatostatin

receptor subtypes SST1-SST5 of somatostatin radiotracers selected for scintigraphic and radiotherapeutic use. Eur. J. Nucl. Med.
Mol. Imaging 2000, 27, 273–282. [CrossRef]

3. Modlin, I.M.; Oberg, K.; Chung, D.C.; Jensen, R.T.; de Herder, W.W.; Thakker, R.V.; Caplin, M.; Fave, G.D.; Kaltsas, G.A.; Krenning,
E.P.; et al. Gastroenteropancreatic neuroendocrine tumours. Lancet Oncol. 2008, 9, 61–72. [CrossRef]

4. Nagtegaal, I.D.; Odze, R.D.; Klimstra, D.; Paradis, V.; Rugge, M.; Schirmacher, P.; Washington, M.K.; Carneiro, F.; Cree, I.A. The
WHO Classification of Tumours Editorial Board The 2019 WHO classification of tumours of the digestive system. Histopathology
2020, 76, 182–188. [CrossRef] [PubMed]

5. De Jong, M.; Breeman, W.A.; Kwekkeboom, D.J.; Valkema, R.; Krenning, E.P. Tumor imaging and therapy using radiolabeled
somatostatin analogues. Acc. Chem. Res. 2009, 42, 873–880. [CrossRef] [PubMed]

6. Ramage, J.K.; Ahmed, A.; Ardill, J.; Bax, N.; Breen, D.J.; Caplin, M.E.; Corrie, P.; Davar, J.; Davies, A.H.; Lewington, V.; et al.
Guidelines for the management of gastroenteropancreatic neuroendocrine (including carcinoid) tumours (NETs). Gut 2011, 61,
6–32. [CrossRef] [PubMed]

7. Gabriel, M.; Decristoforo, C.; Kendler, D.; Dobrozemsky, G.; Heute, D.; Uprimny, C.; Kovacs, P.; Von Guggenberg, E.; Bale, R.;
Virgolini, I.J. 68Ga-DOTA-Tyr3-Octreotide PET in Neuroendocrine Tumors: Comparison with Somatostatin Receptor Scintigraphy
and CT. J. Nucl. Med. 2007, 48, 508–518. [CrossRef] [PubMed]

http://doi.org/10.1210/er.2002-0007
http://doi.org/10.1007/s002590050034
http://doi.org/10.1016/S1470-2045(07)70410-2
http://doi.org/10.1111/his.13975
http://www.ncbi.nlm.nih.gov/pubmed/31433515
http://doi.org/10.1021/ar800188e
http://www.ncbi.nlm.nih.gov/pubmed/19445476
http://doi.org/10.1136/gutjnl-2011-300831
http://www.ncbi.nlm.nih.gov/pubmed/22052063
http://doi.org/10.2967/jnumed.106.035667
http://www.ncbi.nlm.nih.gov/pubmed/17401086


Life 2021, 11, 198 11 of 12

8. Putzer, D.; Gabriel, M.; Henninger, B.; Kendler, D.; Uprimny, C.; Dobrozemsky, G.; Decristoforo, C.; Bale, R.J.; Jaschke, W.;
Virgolini, I.J. Bone Metastases in Patients with Neuroendocrine Tumor: 68Ga-DOTA-Tyr3-Octreotide PET in Comparison to CT
and Bone Scintigraphy. J. Nucl. Med. 2009, 50, 1214–1221. [CrossRef] [PubMed]

9. Nilica, B.; Waitz, D.; Stevanovic, V.; Uprimny, C.; Kendler, D.; Buxbaum, S.; Warwitz, B.; Gerardo, L.; Henninger, B.; Virgolini, I.;
et al. Direct comparison of 68Ga-DOTA-TOC and 18F-FDG PET/CT in the follow-up of patients with neuroendocrine tumour
treated with the first full peptide receptor radionuclide therapy cycle. Eur. J. Nucl. Med. Mol. Imaging 2016, 43, 1585–1592.
[CrossRef]

10. Kwee, T.C.; Basu, S.; Saboury, B.; Ambrosini, V.; Torigian, E.A.; Alavi, A. A new dimension of FDG-PET interpretation: Assessment
of tumor biology. Eur. J. Nucl. Med. Mol. Imaging 2011, 38, 1158–1170. [CrossRef]

11. Kayani, I.; Bomanji, J.B.; Groves, A.; Conway, G.; Gacinovic, S.; Win, T.; Dickson, J.; Caplin, M.; Ell, P.J. Functional imaging of
neuroendocrine tumors with combined PET/CT using68Ga-DOTATATE (DOTA-DPhe1,Tyr3-octreotate) and18F-FDG. Cancer
2008, 112, 2447–2455. [CrossRef]

12. Adams, S.; Baum, R.; Rink, T.; Schumm-Dräger, P.-M.; Usadel, K.-H.; Hör, G. Limited value of fluorine-18 fluorodeoxyglucose
positron emission tomography for the imaging of neuroendocrine tumours. Eur. J. Nucl. Med. Mol. Imaging 1997, 25, 79–83.
[CrossRef] [PubMed]

13. Binderup, T.; Knigge, U.; Loft, A.; Federspiel, B.; Kjaer, A. 18F-Fluorodeoxyglucose Positron Emission Tomography Predicts
Survival of Patients with Neuroendocrine Tumors. Clin. Cancer Res. 2010, 16, 978–985. [CrossRef] [PubMed]

14. Gabriel, M.; Andergassen, U.; Putzer, D.; Kroiss, A.; Waitz, D.; Von Guggenberg, E.; Kendler, D.; Virgolini, I.J. Individualized
peptide-related-radionuclide-therapy concept using different radiolabelled somatostatin analogs in advanced cancer patients. Q.
J. Nucl. Med. Mol. Imaging 2010, 54, 92–99. [PubMed]

15. Kwekkeboom, D.J.; de Herder, W.W.; Kam, B.L.; van Eijck, C.H.; van Essen, M.; Kooij, P.P.; Feelders, R.A.; van Aken, M.O.;
Krenning, E.P. Treatment with the radiolabeled somatostatin analog [177 Lu-DOTA 0,Tyr3]octreotate: Toxicity, efficacy, and
survival. J. Clin. Oncol. 2008, 26, 2124–2130. [CrossRef]

16. Oberg, K.; Knigge, U.; Kwekkeboom, D.J.; Perren, A. Neuroendocrine gastro-entero-pancreatic tumors: ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2012, 23, vii124–vii130. [CrossRef] [PubMed]

17. Oh, S.; Prasad, V.; Lee, D.S.; Baum, R.P. Effect of Peptide Receptor Radionuclide Therapy on Somatostatin Receptor Status and
Glucose Metabolism in Neuroendocrine Tumors: Intraindividual Comparison of Ga-68 DOTANOC PET/CT and F-18 FDG
PET/CT. Int. J. Mol. Imaging 2011, 2011, 1–7. [CrossRef]

18. Gabriel, M.; Nilica, B.; Kaiser, B.; Virgolini, I.J. Twelve-Year Follow-up After Peptide Receptor Radionuclide Therapy. J. Nucl. Med.
2018, 60, 524–529. [CrossRef]

19. Strosberg, J.; El-Haddad, G.; Wolin, E.; Hendifar, A.; Yao, J.; Chasen, B.; Mittra, E.; Kunz, P.L.; Kulke, M.H.; Jacene, H.; et al. Phase
3 Trial of 177Lu-Dotatate for Midgut Neuroendocrine Tumors. N. Engl. J. Med. 2017, 376, 125–135. [CrossRef]

20. Brabander, T.; Van Der Zwan, W.A.; Teunissen, J.J.; Kam, B.L.; Feelders, R.A.; De Herder, W.W.; Van Eijck, C.H.; Franssen, G.J.;
Krenning, E.P.; Kwekkeboom, D.J. Long-Term Efficacy, Survival, and Safety of [177Lu-DOTA0,Tyr3]octreotate in Patients with
Gastroenteropancreatic and Bronchial Neuroendocrine Tumors. Clin. Cancer Res. 2017, 23, 4617–4624. [CrossRef]

21. Cwikla, J.B.; Sankowski, A.; Seklecka, N.; Buscombe, J.R.; Nasierowska-Guttmejer, A.; Jeziorski, K.G.; Mikolajczak, R.; Pawlak,
D.; Stepien, K.; Walecki, J. Efficacy of radionuclide treatment DOTATATE Y-90 in patients with progressive metastatic gastroen-
teropancreatic neuroendocrine carcinomas (GEP-NETs): A phase II study. Ann. Oncol. 2009, 21, 787–794. [CrossRef]

22. Vaughan, E.; Machta, J.; Walker, M.; Toumpanakis, C.; Caplin, M.; Navalkissoor, S. Retreatment with peptide receptor radionuclide
therapy in patients with progressing neuroendocrine tumours: Efficacy and prognostic factors for response. Br. J. Radiol. 2018, 91,
20180041. [CrossRef]

23. Hallet, J.; Law, C.H.; Cukier, M.; Saskin, R.; Liu, N.; Singh, S. Exploring the rising. incidence of neuroendocrine tumors: A
population-based analysis of epidemiology,. metastatic presentation, and outcomes. Cancer 2015, 121, 589–597. [CrossRef]
[PubMed]

24. Zhang, J.; Liu, Q.; Singh, A.; Schuchardt, C.; Kulkarni, H.R.; Baum, R.P. Prognostic Value of (18)F-FDG PET/CT in a large cohort
of 495 patients with advanced metastatic neuroendocrine neoplasms (NEN) treated with peptide receptor radionuclide therapy
(PRRT). J. Nucl. Med. 2020, 61, 1560–1569. [CrossRef]

25. Pavel, M.; Baudin, E.; Couvelard, A.; Krenning, E.; Öberg, K.; Steinmüller, T.; Anlauf, M.; Wiedenmann, B.; Salazar, R. ENETS
Consensus Guidelines for the Management of Patients with Liver and Other Distant Metastases from Neuroendocrine Neoplasms
of Foregut, Midgut, Hindgut, and Unknown Primary. Neuroendocr 2012, 95, 157–176. [CrossRef] [PubMed]

26. Heetfeld, M.; Chougnet, C.N.; Olsen, I.H.; Rinke, A.; Borbath, I.; Crespo, G.; Barriuso, J.; Pavel, M.; O’Toole, D.; Walter, T.
Characteristics and treatment of patients with G3 gastroenteropancreatic neuroendocrine neoplasms. Endocr. Relat. Cancer 2015,
22, 657–664. [CrossRef]

27. Raj, N.; Valentino, E.; Capanu, M.; Tang, L.H.; Basturk, O.; Untch, B.R. Treatment response and outcomes of grade 3 pancreatic
neuroendocrine neoplasms based on morphology: Well differentiated versus poorly differentiated. Pancreas 2017, 46, 296–301.
[CrossRef]

28. Eisenhauer, E.A.; Therasse, P.; Bogaerts, J.; Schwartz, L.H.; Sargent, D.; Ford, R.; Dancey, J.; Arbuck, S.; Gwyther, S.; Mooney, M.;
et al. New response evaluation criteria in solid tumours: Revised RECIST guideline (version 1.1). Eur. J. Cancer 2009, 45, 228–247.
[CrossRef] [PubMed]

http://doi.org/10.2967/jnumed.108.060236
http://www.ncbi.nlm.nih.gov/pubmed/19617343
http://doi.org/10.1007/s00259-016-3328-2
http://doi.org/10.1007/s00259-010-1713-9
http://doi.org/10.1002/cncr.23469
http://doi.org/10.1007/s002590050197
http://www.ncbi.nlm.nih.gov/pubmed/9396878
http://doi.org/10.1158/1078-0432.CCR-09-1759
http://www.ncbi.nlm.nih.gov/pubmed/20103666
http://www.ncbi.nlm.nih.gov/pubmed/20168291
http://doi.org/10.1200/JCO.2007.15.2553
http://doi.org/10.1093/annonc/mds295
http://www.ncbi.nlm.nih.gov/pubmed/22997445
http://doi.org/10.1155/2011/524130
http://doi.org/10.2967/jnumed.118.215376
http://doi.org/10.1056/NEJMoa1607427
http://doi.org/10.1158/1078-0432.CCR-16-2743
http://doi.org/10.1093/annonc/mdp372
http://doi.org/10.1259/bjr.20180041
http://doi.org/10.1002/cncr.29099
http://www.ncbi.nlm.nih.gov/pubmed/25312765
http://doi.org/10.2967/jnumed.119.241414
http://doi.org/10.1159/000335597
http://www.ncbi.nlm.nih.gov/pubmed/22262022
http://doi.org/10.1530/ERC-15-0119
http://doi.org/10.1097/MPA.0000000000000735
http://doi.org/10.1016/j.ejca.2008.10.026
http://www.ncbi.nlm.nih.gov/pubmed/19097774


Life 2021, 11, 198 12 of 12

29. Gabriel, M.; Oberauer, A.; Dobrozemsky, G.; Decristoforo, C.; Putzer, D.; Kendler, D.; Uprimny, C.; Kovacs, P.; Bale, R.; Virgolini,
I.J. 68Ga-DOTA-Tyr3-Octreotide PET for Assessing Response to Somatostatin-Receptor-Mediated Radionuclide Therapy. J. Nucl.
Med. 2009, 50, 1427–1434. [CrossRef]

30. Sorbye, H.; Kong, G.; Grozinsky-Glasberg, S. PRRT in high-grade gastroenteropancreatic neuroendocrine neoplasms (WHO G3).
Endocr. Relat. Cancer 2020, 27, R67–R77. [CrossRef]

31. Moertel, C.G.; Kvols, L.K.; O’Connell, M.J.; Rubin, J. Treatment of neuroendocrine carcinomas with combined etoposide and
cisplatin. Evidence of major therapeutic activity in the anaplastic variants of these neoplasms. Cancer 1991, 68, 227–232. [CrossRef]

32. Decristoforo, C.; Knopp, R.; Von Guggenberg, E.; Rupprich, M.; Dreger, T.; Hess, A.; Virgolini, I.; Haubner, R. A fully automated
synthesis for the preparation of 68Ga-labelled peptides. Nucl. Med. Commun. 2007, 28, 870–875. [CrossRef] [PubMed]

http://doi.org/10.2967/jnumed.108.053421
http://doi.org/10.1530/ERC-19-0400
http://doi.org/10.1002/1097-0142(19910715)68:2&lt;227::AID-CNCR2820680202&gt;3.0.CO;2-I
http://doi.org/10.1097/MNM.0b013e3282f1753d
http://www.ncbi.nlm.nih.gov/pubmed/17901771

	Introduction 
	Results 
	Survival 
	Disease Course after Second PRRT Course 
	18F-FDG Uptake Status Related to Survival 

	Discussion 
	Materials and Methods 
	Patients 
	Peptide Receptor Radionuclide Therapy (PRRT) Regimen 
	Positron Emission Tomography (PET) 
	68Ga-DOTA-TOC 
	18F-FDG 
	CT 
	Image Review 
	Statistical Data Analysis and Data Collection 


	References

