
Observational Study

1

Medicine®

Clinical characteristics and treatment patterns 
of patients with gastroenteropancreatic 
neuroendocrine neoplasia in Germany receiving 
peptide receptor radionuclide therapy
A real-world data registry-based study
Claus von Hessert-Vaudoncourt, DrPHa,* , Sebastian Maasberg, MDb, Nehara Begum, MDc, 
Anja Rinke, MDd, Thorsten Pöppel, MDe, Bence Sipos, MDf, Christian Grohe, MDg, Christian Fottner, MDh, 
Sebastian Stintzing, MDa, Patricia Grabowski, MDi,a; and On behalf of the German NET Registry

Abstract 
Gastroenteropancreatic neuroendocrine neoplasms (GEP-NENs) are rare malignancies deriving from the endocrine system in the 
gastrointestinal tract including the pancreas. Prognosis is greatly heterogenous due to its dependency on various factors, most 
importantly stage and differentiation. Several studies report an alarming rise in incidence in the past decade. Despite there being 
some therapeutical options, best therapy sequence still needs to be defined, particularly for unresectable and/or intermediate and 
high-grade NENs. Peptide receptor radionuclide therapy (PRRT) was approved in Europe and USA in 2017 and 2018, respectively. 
Studies with real-world systematic data on characteristics and treatment patterns of PRRT-receiving patients was non-existent 
at the time of this writing. In this retrospective study, we identified within the German NET-Registry 203 patients diagnosed 
with GEP-NEN having received PRRT from 1995 to 2023. We assessed general clinical patient characteristics, disease-specific 
characteristics, treatments and outcomes. To obtain a more up-to-date picture of treatment modalities and outcomes, a subgroup 
of the study population was allocated to the “therapy cohort,” defined by patients with date of first diagnosis between 2010 and 
2023 (open cohort). Mean age of the study population was 58 years (SD 12 years) with 51.7% being men. Most patients had a 
WHO performance score of 0 to 1 (41.4% and 50.5%, respectively). Most NEN cases were of small intestine/pancreatic origin 
(46.3% and 45.3%, respectively) and displayed well/moderate differentiation (55.3%). Ki-67 was generally within the 3% to 20% 
range (57.92%). Most patients presented with metastasis at diagnosis (73.9%). Somatostatin analogs (SSAs), chemotherapy and 
surgery were the most common non-PRRT therapy options (65.3%, 60.2%, and 50.0%, respectively). PRRT was most often 
applied as third- or second-line therapy (42.3% and 36.6%, respectively), usually after surgery and/or SSA treatment. As PRRT 
had been administered using different regimens, tumor response evaluation showed mixed responses. Given the low sample 
size and considerable amount of missing response data, no correlation analysis between PRRT sequencing and tumor response 
could be performed. Overall, the clinical characteristics and treatment patterns tend to follow trends observed in other studies or 
medical guidelines. Finally, this study presents real-world data that more accurately describes GEP-NEN disease in Germany and 
treatment modalities after PRRT’s approval.

Abbreviations: CUP = cancer of unknown primary, EMA = European Medicines Agency, ESMO = European Society for Medical 
Oncology, G1, G2, G3 = grade 1, 2 and 3, GEP = gastroenteropancreatic, IFN-alpha = interferon alpha, MTT = moleculary targeted 
therapy, NEC = neuroendocrine carcinoma, NEN = neuroendocrine neoplasm or neoplasia, NET = neuroendocrine tumor, pNEN = 
pancreatic neuroendocrine neoplasm, pNET = pancreatic neuroendocrine tumor, PRRT = peptide receptor radionuclide therapy, 
SD = standard deviation, SSA = somatostatin analog, SSR = somatostatin receptor, TSF = time to strategy failure, WHO = World 
Health Organization.

Keywords: epidemiology, gastroenteropancreatic neuroendocrine neoplasms, GEP-NEN, GEP-NET, oncology, PRRT, registry, 
treatment patterns
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1. Introduction
Gastroenteropancreatic neuroendocrine neoplasms (GEP-
NENs) are a rare type of malignant neoplasia that derive from 
neuroendocrine cells in the gastrointestinal tract including the 
pancreas. The European Society for Medical Oncology (ESMO) 
claims that 50% of cases are of intestinal origin and 30% are 
of pancreatic origin.[1] GEP-NENs account for approximately 
two-thirds of all NEN cases and have been reported to have an 
overall annual incidence of 3.5 to 4.8 per 100,000 population 
in the past decade (incidences observed in England, Germany, 
Iceland and United States).[2–4] Compared to reported incidences 
from the 1990s and 2000s, there has been a clear global rise 
over time, for the most explained by increased health care utili-
zation and improved diagnostics. However, other factors are to 
be considered including as-of-yet undetermined environmental 
factors and underlying patient biology.[3] Men tend to be slightly 
more affected than women and face worse prognosis.[1] Based 
on the current understanding of the disease, most cases arise 
sporadically, however a small percentage is associated to hered-
itary predisposition syndromes, such as multiple endocrine neo-
plasia type 1, tuberous sclerosis, Von Hippel-Lindau’s disease 
or neurofibromatosis type 1, which tend to be detected earlier 
than the sporadic cases. The reported frequency of hereditary 
backgrounds (multiple endocrine neoplasia type 1, Von Hippel-
Lindau’s disease) is about 5%.[5]

GEP-NENs can be functional or nonfunctional based on 
whether the patient presents with clinical signs due to hormonal 
hypersecretion. The majority of GEP-NENs do not secrete 
enough active hormones or biogenic amines (hormone-like 
substances), and are typically diagnosed at a later stage with 
symptoms related to mass effects or distant metastases.[6] 
Rarely, nonfunctional tumors become hormonally active.[7,8] The 
long period between onset of symptoms and NEN diagnosis, 
as well as the indolent nature of several NENs, which makes 
reaching an accurate diagnosis challenging, has been previously 
discussed.[9,10]

The 2019 World Health Organization (WHO) classification 
of digestive system tumors provides grading of GEP-NENs in 
terms of the growth rate (based on Ki-67 index or mitotic rate), 
distinguishes between well-differentiated neoplasms which are 
called neuroendocrine tumors (NETs) and poorly differentiated 
neoplasms which are called neuroendocrine carcinomas (NECs), 
and allows for classification of NENs of mixed neuroendocrine 
and non-neuroendocrine components. Importantly, GEP-NENs 
that are morphologically well-differentiated and often identical 
to grade 1 (G1) or grade 2 (G2) NET but feature a high Ki-67 
index (>20%) were recognized in this review. These were classi-
fied as NET grade 3 (G3).[2]

Prognosis is mostly influenced by tumor stage and grade, 
however additional significant prognostic factors include age at 
diagnosis, lesion size, levels of biomarkers (e.g., chromogranin 
A, Ki-67 index) and clinical symptoms.[1,11–15] The overall 5-year 
survival rate in GEP-NET is around 70%, ranging from 38% for 
pancreatic NETs (pNETs) to 89% for rectal NETs, and nearly 
100% for small gastric NETs. Patients with locally advanced/
metastatic GEP-NETs have a reported median survival time 
of 12.7 years from the start of first-line therapy. Specifically in 

pNET, the median survival time is approximately 11.3 years in 
cases of localized disease and 2.0 to 3.9 years in cases with dis-
tant metastases. For NETs in the small intestine, the reported 
median survival time is 9.3 years for patients with localized 
disease and 4.7 to 7.9 years when distant metastases are pres-
ent.[16] In contrast, the clinical management of GEP-NECs poses 
a greater challenge: 5-year survival for localized carcinoma is 
25% to 40%, immediate disease progression on first-line treat-
ment is seen in up to 30% of cases and median progression-free 
survival is reaching only 4 to 5 months.[17]

Currently, surgery is the only curative therapy option for 
NEN. However, not all NEN cases are eligible for surgical 
resection. Advanced/metastatic NENs are often unresectable or 
may only be treated with debulking/palliative surgery and will 
require systemic therapy.[1] For higher grade, well-differentiated 
GEP-NETs there is no consensus on a gold standard for first-line 
therapy. The NETTER-2 trial attempts to fill this gap by assess-
ing the efficacy of peptide receptor radionuclide therapy (PRRT) 
as a first-line therapy compared to treatment with somatostatin 
analog (SSA) and recently met its primary endpoint.[18] Other 
therapy options currently in use and appearing in different 
sequences are interferon alpha (IFN-alpha), chemotherapy and 
molecularly targeted therapies (MTTs) such as everolimus and 
sunitinib. Patients with liver metastases who are not eligible 
for complete surgical resection are advised to undergo vascu-
lar and ablative locoregional therapies, in addition to systemic 
treatment.[1]

PRRT consists of injections of radiolabeled somatostatin ana-
logs in patients with cancers expressing sufficient somatostatin 
receptors (SSRs), which is usually the case of G1 and G2 NETs. 
These radiopharmaceuticals are built with 3 components: a 
radionuclide, a chelator and a somatostatin analog (peptide). 
It is an example of internal radiotherapy.[19] 177Lu-DOTATATE 
(brand name Lutathera® from Novartis) was initially approved 
by the European Medicines Agency (EMA) in 2017 and by 
the Food and Drug Administration in 2018 for the treatment 
of adults with SSR-positive GEP-NETs. In 2024, the Food and 
Drug Administration expanded the indication to children aged 
12 and older.[20] Currently, 177Lu-DOTATATE is the only PRRT 
with marketing authorization, however other radiolabeled 
somatostatin analogs using components similar to the ones 
found in 177Lu-DOTATATE are in use. In fact, physicians in 
Australia, Europe and the United States utilized PRRT at least a 
decade before its official approval based on compassionate use 
of experimental drugs.[21] PRRT is not only of interest for purely 
therapeutical purposes but also in the field of health economics 
and quality of life. Two recent studies based on real-world evi-
dence of PRRT-receiving patients demonstrated lower overall 
costs, lower non-elective hospital stays and improved quality of 
life compared to other treatment arms.[22,23]

There are several new publications describing clinical char-
acteristics and real-world treatment patterns for GEP-NEN 
patients,[16,24–29] however none focus specifically on PRRT-
receiving patients with a wide range of GEP-NEN entities and 
different PRRT formulations, nor show in detail the treatment 
algorithms and outcomes after the first approved GEP-NET 
radiopharmaceutical turned 5 years in the market. Here, we 
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set out to explore this unchartered territory on a national scale 
by making use of the German NET-Registry, which our insti-
tutions are part of. This registry has been described and ana-
lyzed in the past with data collection cutoff in 2010.[30] In view 
of this, the current retrospective study sheds new light on the 
German population with data collected until 2023 and allows 
for updated country-to-country comparisons where differences 
in demographics, diagnostics and therapeutics may be seen. The 
preliminary results of this exploratory data-driven analysis are 
described in this document.

2. Methods

2.1. Database

This retrospective study is based on data extracted from the 
German NET-Registry, a nation-wide survey collecting pseu-
domyzed NEN cases from medical centers all over Germany. 
The study is of exploratory nature. The registry is organized 
by the German Society of Endocrinology and the general mode 
of operation has been previously described.[31] Briefly, after 
registering at the NET-Registry, the participating centers (pri-
vate clinics, teaching, community and regional hospitals) must 
receive approval from the local ethics committees. Additionally, 
approval from the Institutional Review Board at Charité Mitte 
(Berlin, Germany) is obtained. Before recording patient data 
into the registry, signed informed consent must be obtained 
from the NEN patients. In addition to signed informed consent, 
patients need to have a histologically confirmed NEN diagnosis 
and be ≥ 18 years old. To note, in this retrospective study only 
NENs of GEP origin were included and only patients receiving 
antitumoral therapy with at least PRRT being one of them were 
included (further study entry criteria are listed in section 2.2). 
These patients were scheduled for follow-up visits during treat-
ment (at intervals between doses) and in post-treatment (every 
3-6 months, then annually).

Data collection and reporting into the registry was conducted 
by the center personnel using a standardized questionnaire 
designed by a panel of 11 specialists experienced in the care of 
patients with NENs. A minimum set of items was deemed man-
datory including date of diagnosis, sex, age, among others. Some 
items might have been left unanswered if the required infor-
mation from the patient was not available at the center-level 
(e.g., Ki-67 or WHO performance status scores) due to a lost to  
follow-up case, undisclosed information, assessment not done, 
or any other reason. The center personnel were requested to 
input data using the patient medical records as source to prevent 
any memory bias. Following the data submission, further checks 
and validations were conducted to identify any unusual values, 
which were then addressed with the individual who submitted 
the data.

The database is considered representative as distribution 
data are similar to those documented in the published litera-
ture.[31] Further details including previous publications about 
the German NET-Registry can be found in the dedicated website 
of the registry (www.net-register.org).

2.2. Patient selection

The data extract used in this study contains consenting patients 
diagnosed with a GEP-NEN who sought medical attention at 
one of the NET-Registry’s affiliated centers and received PRRT. 
Patients on 177Lu-based PRRT were assigned a standard sched-
ule of approximately 7.4 GBq per cycle, given every 8 weeks for 
a total of 4 cycles. Patients on 90Y-based PRRT were assigned 
a standard schedule of about 3.7 to 4.4 GBq per cycle, given 
every 8 weeks for a total of 2 to 4 cycles. Modifications to the 
schedule and dose were at the physician’s discretion based on 
the patient’s response or tolerance. Surveys of all patients with 

a first diagnosis from 1995 to 2023 were available from 22 cen-
ters across Germany. The inclusion and exclusion criteria that 
were used in this study are listed below. All participants must 
satisfy all the criteria.

Inclusion criteria: male or female patients ≥ 18 years old at 
the time of study inclusion; diagnosis of GEP-NEN between 
1995 to 2023 and receiving PRRT within this period; patients 
who, in the opinion of the investigator, can and will comply with 
the requirements of the study procedures; and patients who are 
able to provide written informed consent, or otherwise written 
informed consent from their caregivers.

Exclusion criteria: patients without a confirmed histological 
diagnosis of GEP-NEN; incomplete medical records or inabil-
ity to confirm key inclusion data points; and patients who are 
unwilling or unable to participate in required follow-up visits, 
surveys, or tests.

2.3. Study variables

The study variables included patients age and sex, site of primary 
tumor, WHO 2019 grading (for consistency purposes, tumors 
originally classified using previous WHO criteria versions were 
re-classified into the 2019 WHO version when data about Ki-67 
and differentiation were available; histopathology reports were 
reviewed.),[2] presence of metastasis, Ki-67, WHO performance 
status scores,[32] and diagnosis of cancer of unknown primary 
(CUP) (all these determined at first diagnosis of the GEP-NEN, 
except site of primary tumor which could have been determined 
after initial diagnosis of CUP). Further study variables included 
sites of metastasis, therapy lines and type of therapy, and tumor 
response after last intervention (all these determined from the 
moment of patient inclusion into the registry and throughout 
the follow-ups). Routine histology reports and reference pathol-
ogy reports were used as available. As Ki-67 determination for 
grading is standard of care, grading based on Ki-67 determina-
tion is documented within the registry.

Data about the following therapy types were collected: sur-
gery, locoregional therapy, PRRT (including 177Lu-coupled and 
others), radiotherapy and pharmacological therapy (chemother-
apy, IFN-alpha, MTT including everolimus and sunitinib, and 
SSA). Second-line therapy (or any subsequent one) is typically 
defined as any therapy administered for disease progression, 
recurrence, or intolerable adverse effects following administra-
tion of initial therapy.

The study population was characterized using general epide-
miological information and disease-specific information derived 
from the study variables mentioned above. Given the advances 
in medicine and access to healthcare in the past 2 decades, the 
treatment-specific information was only analyzed in an open 
patient cohort consisting of a sample of those with a first diag-
nosis from 2010 to 2023, which will be referred to as the “ther-
apy cohort.”

2.4. Imaging and tumor response to treatment

Target lesions were measured and classified on SSR imaging and 
anatomical imaging, at baseline and within 6 months after each 
intervention (accepted range 1–6 months). Radiology reports 
were used to determine the tumor response. Patients were also 
examined for the presence of new metastases during these  
follow-ups. Whenever tumor response data after last inter-
vention was not available, it was assumed to be progressive if 
patient was found to have expired within the follow-up period 
due to NEN-related causes.

2.5. Time to strategy failure

Time to strategy failure (TSF) is defined as measuring time from 
start of PRRT to start of the next therapy line, progression of 
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disease, or death, whichever occurred first. Median TSF and 
interquartile ranges were calculated.

2.6. Statistical analysis

Descriptive statistics were used to summarize the data. Graphs 
and statistical analyses were performed with Microsoft Excel 
(Microsoft, Redmond), SPSS Statistics (IBM, Armonk), 
GraphPad QuickCalcs (Dotmatics, Boston), Plotly.js (Plotly, Inc, 
Montreal [Quebec], Canada) and Tableau Public (Salesforce, 
San Francisco), with use of standard two-tailed unpaired 
Student t test for normally distributed data, otherwise Kruskal–
Walis test. Normal distribution was tested by Shapiro–Wilk W 
test with an alpha level of .05. P values lower than .05 were con-
sidered statistically significant. In case of missing datapoints, the 
number of unknowns was duly reported or otherwise statistics 
were performed on the number of non-missing datapoints only.

3. Results

3.1. Patient clinical characteristics

The study initially included a total population of 231 patients 
diagnosed with GEP-NENs who received at least one PRRT. 28 
patients meeting the criteria mentioned before were excluded 
from the study due to substantial amounts of data missing 
(e.g., details on histology and demographics), resulting in 203 
patients passing all inclusion and exclusion criteria The mean 
age of the total population at diagnosis was 58 years (SD 12 
years), with a minimum of 25 and a maximum of 84 years. 98 
(48.3%) of patients were female and 108 (51.7%) were male. 
Mean follow-up period was 6.9 years (0.4–33.2; SD 5.5). WHO 
performance status was documented for 99 patients. The major-
ity had a WHO performance status score of 1 or 0 (50.5% and 
41.4%, respectively), while 6 patients had a score of 2 (61%), 
score 3 was only observed in one patient (10%) and score 4 was 
also only observed in one patient (1.0%). Notably, scores 3 and 
4 were G1 and G2 pNET patients (Table 1). A statistical test to 
determine whether one sex is more prone to be diagnosed with 
GEP-NEN earlier and therefore assumed to develop the disease 
earlier revealed no significance (P = .70) (Fig. 1).

Clinical characteristics were also assessed in the therapy 
study cohort. This cohort included 98 patients. The mean age of 
the cohort at diagnosis was 59 years (SD 12 years), with a mini-
mum of 25 and a maximum of 84 years. 48 (49.0%) of patients 
were female and 50 (51.0%) were male. Mean follow-up period 
was 4.4 years (0.4–13.3; SD 2.7). WHO performance status 
was documented for 72 patients. The majority of patients had 
a WHO performance status score of 0 or 1 (40.3% and 51.4%, 
respectively), while 4 patients had a score of 2 (5.6%), score 3 
was only observed in one patient (1.4%) and score 4 was also 
only observed in 1 patient (1.4%). Notably, scores 3 and 4 were 
the same patients identified above as diagnosed with pNET 
(Table 2). A statistical test to determine whether one sex is more 
prone to be diagnosed with GEP-NEN earlier and therefore 
assumed to develop the disease earlier revealed no significance 
(P = .83) (Fig. 2).

3.2. Disease-specific characteristics

The majority of GEP-NEN patients presented stage IV disease at 
diagnosis (73.9%), with liver metastasis being the most common 
(present in 95.7% of stage IV patients). A minority of patients 
were diagnosed with CUP (15.8%). However, it should be noted 
that physicians were then able to determine the primary tumor 
of all of these patients, as confirming a diagnosis of GEP-NEN 
was necessary for study inclusion. Pancreas and small intestine 
were the most common primary tumor sites in the population 
(46.3% and 45.3%, respectively). In terms of sex, pancreatic 

NENs (pNENs) were slightly more often found in male than in 
female patients (55/94 pNEN patients were men). WHO grad-
ing was documented for 170 patients. In this subgroup, primary 
tumors were classified most often as WHO G2 and G1 GEP-
NETs (55.3% and 34.1%, respectively), while 8 patients (4.7%) 
were found to have G3 GEP-NETs and 10 (5.9%) were found 
to have GEP-NECs. Further subclassification into small and 

Table 1 

Clinicohistopathological characteristics of the total study 
population (1995–2023).

Variable Total number of patients (%)

n 203 (100.0)
Age at Dx
 � Mean age (years), (SD) 58 (12)
 � Median age (years), (range) 59 (25-84)
 � Mode age (years) = 67 12 (5.9)
 � Age group
  �  18–30 3 (1.5)
  �  31–40 14 (6.9)
  �  41–50 35 (17.2)
  �  51–60 55 (27.1)
  �  61–70 65 (32.0)
  �  71–80 29 (14.3)
  �  >80 2 (1.0)
Women 95 (48.3)
Men 108 (51.7)
WHO classification at Dx 

(documented for n = 170)
 � NET, G1 58 (34.1)
 � NET, G2 94 (55.3)
 � NET, G3 8 (4.7)
 � NEC 10 (5.9)
Site of primary tumor
 � Stomach 3 (1.5)
 � Pancreas 94 (46.3)
 � Small intestine 92 (45.3)
 � Caecum 4 (2.0)
 � Colon 4 (2.0)
 � Rectum 6 (3.0)
WHO performance status at Dx 

(documented for n = 99)
 � 0 41 (41.4)
 � 1 50 (50.5)
 � 2 6 (6.1)
 � 3 1 (1.0)
 � 4 1 (1.0)
Metastasis at Dx
 � Yes 150 (74.0)
 � No 16 (7.9)
 � Unknown 37 (18.2)
Site of metastases (n = 163 in 

stage IV)
 � Bones 67 (41.1)
 � Cerebral 4 (2.5)
 � Liver 156 (95.7)
 � Lung 15 (9.2)
 � Lymp nodes 73 (44.8)
 � Other 32 (19.6)
 � Peritoneum 25 (15.3)
Ki-67 (documented for 

n = 183)
 � <3% 58 (31.7)
 � 3–20% 106 (57.9)
 � >20% 19 (10.4)
CUP at Dx
 � Yes 32 (15.8)
 � No 171 (84.2)

CUP = cancer of unknown primary, Dx = diagnosis, G1, G2, G3 = grade 1, 2 and 3, 
NEC = neuroendocrine carcinoma, NET = neuroendocrine tumor, SD = standard deviation, 
WHO = World Health Organization.
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large-cell type NEC was not possible due to lack of data. Full 
disease-specific data with absolute numbers and percentages are 
shown in Table 1.

Disease-specific characteristics were also assessed in the 
therapy study cohort. Here, similar trends were observed as 
with the total study population. 91.8% of cohort patients pre-
sented metastasis at diagnosis and 98.0% presented metastasis 
at diagnosis or at the follow-ups. The small intestine and pan-
creas were the most frequent primary tumor sites (51.0% and 
43.9%, respectively). In terms of sex, pNENs were slightly more 
often found in men than in women (26/43 pNEN patients were 
men). The majority of patients were found to have G2 and G1 
GEP-NETs (48.8% and 39.0%, respectively), while 5 patients 
(6.1%) were classified with G3 GEP-NET and 5 patients (6.1%) 
were classified with GEP-NEC. Full disease-specific data with 
absolute numbers and percentages about the therapy cohort is 
shown in Table 2.

3.3. Therapies

Therapies were analyzed based on type, occurrence and sequence 
(therapy-lines). This information is expected to offer additional 
understanding on the quality and cost of care for GEP-NET 
patients.

Table 3 shows the overall rate of therapies in the therapy 
cohort of the study (n = 98), from first-line therapy to fourth-
line therapy. Of note, 17 patients (17.4%) were reported to con-
tinue with further lines of therapy after fourth line. In PRRT 
receiving patients, SSA and surgery were the most frequent ther-
apies (65.3% and 60.2%, respectively) alongside PRRT. Among 
the pharmacological options, there was a higher occurrence of 
SSA and chemotherapy use than MTT or IFN-alpha (65.3% 
and 50.0% vs 16.3% and 2.0%, respectively). Additionally, 
10.2% of patients received locoregional therapies and 7.1% 
were reported to go through radiotherapy sessions. PRRT was 
found to be mostly used as the formulation that includes radio-
nuclide 177Lu instead of 90Y (95.9% vs 15.7%, respectively). 12 
patients were reported to undergo at least one cycle with both 
forms of PRRT, most of which started PRRT with 90Y and the 
next injection was with 177Lu (data not shown).

The most common first-line therapy was surgery, as seen in 
37 patients (37.8%), followed by SSA in 27 patients (27.6%). 
PRRT as a first-line therapy was found in 13 patients (13.3%). 
Among patients receiving subsequent-line therapies, PRRT was 
always found as the most common option (Table 4).

Table 5 shows the frequencies of therapy types before admin-
istration of PRRT, when PRRT was administered as a second- 
line therapy or a third-line therapy. Among the 34 patients 
receiving PRRT as a second-line therapy, 14 (41.2%) had sur-
gery as a first-line therapy while 12 (35.3%) received SSA as 

a first-line therapy. Among the 30 patients receiving PRRT as 
a third-line therapy, the most common sequence of first and  
second-line treatments was surgery followed by SSA, as seen in 
16 patients (53.3%).

3.4. Tumor response analysis and time to strategy failure

Tumor response after each intervention was assessed via imag-
ing and analyzed in this study for the therapy cohort. Whenever 
tumor response data was not available, it was assumed to be 
progressive if a patient was found to have expired within the 
follow-up period due to NEN-related causes (this was the case 
for 12 patients), otherwise it was deemed unknown (Table 6). It 
was in the interest of the authors to examine the response after 
PRRT was administered as a first, second, third and fourth-line 
therapy. Average imaging follow-up period was 3.5 years (SD 
2.69).

Most patients receiving PRRT as a first-line therapy were 
found to have stable disease at 6 months follow-up (7/12 
patients or 58.3%). In patients receiving PRRT as a second-line 
therapy, clinical benefit (stable disease or remission) was 
observed in 21/35 patients (60.0%), while 4 patients (11.4%) 
were found to show progressive disease and 10 (28.6%) had 
an unknown response. Most patients who received PRRT as a 
third-line therapy had a fairly equal distribution between pro-
gressive disease (9/30 or 30.0%) and stable disease (10/30 or 
33.3%). However, for a substantial number of patients in this 
subgroup the response was unknown (11/30 or 36.7%). Most 
patient receiving PRRT as a fourth-line therapy showed fea-
tures of progressive disease (7/21 or 33.3%), however in this 
subgroup the number of unknown responses is also substan-
tial (8/21 or 38.1%). These and further details are displayed in 
Table 6. Given the large number of unknown responses and the 
small number of patients, it was not possible to perform correla-
tion statistics during this analysis.

To further compare the efficacy of PRRT intervention at 
different timepoints of a treatment sequence, we measured 
TSF (Fig. 3). The median TSF of the patients was 325.5 days 
(IQR: 172–958) with first-line PRRT, 376 days (IQR: 190.6–
1228.5) with second-line PRRT, 276 days (IQR: 84–598) with 
third-line PRRT and 742.5 days with fourth-line PRRT (IQR: 
172.5–1400). PRRT as a second-line therapy was shown to 
have the shortest median time to failure, indicating it may 
be less effective or have a quicker relapse compared to the 
others. Overall, this data revealed that on average patients 
stayed on PRRT, showed no signs of progression or fatal out-
comes for 430 days. Remarkably, 37.1% of patient receiving  
second-line PRRT had no failure in strategy, i.e. no inter-
ruption of PRRT, progression or death, while in the other 
subgroups no failure of strategy was seen in less than 14% 

Figure 1.  Distribution of study population by age and sex (1995–2023). n = 203 patients diagnosed with GEP-NEN. No significant difference was found 
between the ages of men and women (P value = .70). The mean of men minus women = −0.65. 95% confidence interval of this difference: from −4.02 to 2.71. 
GEP-NEN = gastroenteropancreatic-neuroendocrine neoplasia.
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(data not shown). To note, the seemingly large median TSF of 
PRRT as a fourth-line therapy is opposed to the previous rev-
elation that progressive disease was most often seen within 6 
months after receiving fourth-line PRRT. This is explained by 
the fact that many of the tumor responses within 6 months 
of PRRT in this subgroup are unknown, however radiology 
reports of later follow-ups were made available, and these 
skewed the TSF towards longer times. Importantly, the data 
from this analysis failed to achieve statistically significant dif-
ferences (P value = .49).

4. Discussion
Diagnoses of GEP-NENs are on the rise on a worldwide scale. 
Better access to healthcare resources, and particularly the 
increased availability of proper diagnostic tools, are considered 
to contribute to these rising figures.[3] PRRT is an increasingly 
used therapy option entering the field of GEP-NEN disease 
management. First developed in Europe in the early 1990s and 
used on selected patients even before approval through compas-
sionate use programs, PRRT with 177Lu-DOTATATE received 
approval from the EMA in 2017 with an indication for adults 
with SSR-expressing progressive advanced GEP-NENs.[21,33] 
In the present study, we demonstrate real-world evidence of 
clinical and histopathological characteristics of patients diag-
nosed with GEP-NENs in Germany, including treatment pat-
terns, from 1995 to 2023, who received PRRT among other 
therapies. Patient data was retrieved from the German NET-
Registry, the first national registry collecting real-world data on 
NENs across Germany.[31] The data should be representative, 
as they have been contributed by centers of different sizes. As 
mentioned previously, certain GEP-NEN entities are likely to 
become underrepresented given that local practices show they 
are rarely referred to any NET centers (e.g., appendiceal NENs, 
type I gastric NENs, and small rectal NENs including incidental 
findings).[34]

Kasajima et al stated in 2022 that data on high-grade neu-
roendocrine neoplasia including NET G3 and NEC was still 
scarce.[35] The present study includes data about low-grade and 
high-grade NETs, as well as NECs, which should serve the pur-
pose of better understanding NEN disease by filling the data gap 
previously mentioned.

The clinical characteristics of the total patient popula-
tion such as age, gender ratio, WHO performance status and 
cancer stage are consistent with previous findings concerning 
GEP-NEN patients in other European countries[16,36] and larger 
studies.[25] Our results show that there is a fairly equal distribu-
tion of gastrointestinal tract NENs versus pNENs. This has been 
previously observed by other authors.[37] Furthermore, almost 
3 quarter (73.9%) of patients are diagnosed with stage IV dis-
ease. Unfortunately, this is quite common in clinical practice, as 
most NENs are nonfunctional and patients tend to be initially 
diagnosed with an incorrect histopathology.[9] The widespread 
use of modern immunohistochemical techniques should serve to 
circumvent this issue, however it should be noted that patients 
presenting nonspecific symptoms might not be considered for 
referral to NET centers and therefore an underrepresentation of 
early stage GEP-NENs may be occurring in the registry. The lack 
of severe symptomatology would also explain the low WHO 
performance status at diagnosis in spite of the initial presence of 
metastasis. The finding of one pNET patient with WHO score 4 
at first diagnosis who then underwent PRRT represents a rarity 
in the sense that bedbound patients are usually not eligible for 

Table 2 

Clinicohistopathological characteristics of the therapy cohort 
(2010–2023).

Variable Total number of patients (%)

n 98 (100.0)
Age at Dx
 � Mean age (years), (SD) 59 (12)
 � Median age (years), (range) 61 (25–84)
 � Mode = 61 6 (6.1)
 � Age group
  �  18–30 2 (2.0)
  �  31–40 5 (5.1)
  �  41–50 15 (15.3)
  �  51–60 26 (26.5)
  �  61–70 28 (28.6)
  �  71–80 20 (20.4)
  �  >80 2 (2.0)
Women 48 (49.0)
Men 50 (50.0)
WHO classification at Dx (documented for n = 82)
 � NET, G1 32 (39.0)
 � NET, G2 40 (48.8)
 � NET, G3 5 (6.1)
 � NEC 5 (6.1)
Site of primary tumor
 � Stomach 1 (1.0)
 � Pancreas 43 (43.9)
 � Small intestine 50 (51.0)
 � Caecum 2 (2.0)
 � Colon 1 (1.0)
 � Rectum 1 (1.0)
WHO performance status at Dx (documented for 

n = 72)
 � 0 29 (40.3)
 � 1 37 (51.4)
 � 2 4 (5.6)
 � 3 1 (1.4)
 � 4 1 (1.4)
Metastasis at Dx
 � Yes 90 (91.8)
 � No 6 (6.1)
Unknown 2 (2.0)
Site of metastases (n = 96 in stage IV)
 � Bones 39 (40.6)
 � Cerebral 3 (3.1)
 � Liver 92 (95.8)
 � Lung 10 (10.4)
 � Lymp nodes 44 (45.8)
 � Other 16 (16.7)
 � Peritoneum 14 (14.6)
Ki-67 (documented for n = 93)
 � <3% 32 (34.4)
 � 3–20% 49 (52.7)
 � >20% 12 (12.9)
CUP
 � Yes 23 (23.5)
 � No 75 (76.5)

CUP = cancer of unknown primary, Dx = diagnosis, G1, G2, G3 = grade 1, 2 and 3, 
NEC = neuroendocrine carcinoma, NET = neuroendocrine tumor, SD = standard deviation, 
WHO = World Health Organization.

Table 3 

Frequency of other therapies at any time during the observation 
period in the therapy cohort (2010–2023).

Variable Total number of patients (%)

n 98 (100.0)
Therapy
 � Surgery 59 (60.2)
 � Radiotherapy 7 (7.1)
 � Chemotherapy 49 (50.0)
 � SSA 64 (65.3)
 � IFN-alpha 2 (2.0)
 � MTT 16 (16.3)
 � Locoregional therapy 10 (10.2)

IFN-alpha = interferon alpha, MTT = moleculary targeted therapy (sunitinib, everolimus), SSA = 
somatostatin analog.
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PRRT. We cannot exclude the possibility of a data entry error 
rather than a clinical exception. We do not show functionality 
data as this was not available for most patients in the study. 
This issue has been previously highlighted as a finding from 
the German NET-Registry and probably derives from an error 
in documentation practices from the participating centers.[3] A 
minority of patients presented with CUP at diagnosis (15.8% of 
the total study population and 23.5% of the therapy cohort) and 
all primary tumors were discovered in later follow-ups, which 
made them eligible for this study. However, outside this registry, 
despite numerous advances in diagnostics, it is estimated that 
the primary tumor site remains unknown in around 11% to 
22% of NEN cases.[38]

Given the current emphasis on sex/gender-specific medicine[39] 
and evidence of longer overall survival in women with GEP-
NEN,[40] we were interested to check for any sex-related dif-
ferences in our study population. No sex quotas were used for 
this study. Patients passing eligibility criteria resulted in a fairly 
equal percentage of men and women, both in the total study 
population (51.7% and 48.3%, respectively) and in the ther-
apy cohort (51.0% and 48.9%, respectively). Primary tumor 
distribution was slightly more inclined towards men to have 
pNEN than women both in the total study population (58.5% 
of pNEN patients were men) and in the therapy cohort (60.5% 

of pNEN patients were men). This could be one of the reasons 
why women have been found to exhibit longer overall survival 
in other studies, as pNENs tend to have the worst prognosis.[1] 
No statistical significance was found when determining whether 
one sex is more prone to develop the disease at an earlier age 
than the other. Some other recent studies to elucidate sex-based 
clinicopathological differences as well as outcomes among 
patients with GEP-NEN in Europe have been recently carried 
out and coincidentally found no relevant significant differences 
based on sex.[41,42]

Prognosis of GEP-NEN is heavily determined by histopathol-
ogy,[43] which explains the importance of not only staging but 
Ki-67 and WHO classification. Given that all patients included 
in this study received PRRT, it was expected to find WHO grades 
typically associated with high SSR expression. However, there is 
a small minority of GEP-NET G3 patients found among the 
study population (4.7%). Careful examination of source docu-
ments of each of these 8 cases revealed that 3 patients were diag-
nosed between 2004 and 2009, and 5 were diagnosed in 2010 
or more recently, which should minimize the error of misclassi-
fication given that no diagnoses were performed before the year 
2000. Additionally, the 8 patients come from 3 different centers, 
which annuls the possibility of this issue being a unique center 
characteristic. Seven of these patients had a NEN of pancreatic 

Figure 2.  Distribution of the therapy cohort by age and sex (2010–2023). n = 98 patients diagnosed with GEP-NEN. No significant difference was found 
between the ages of men and women (P value = .83). The mean of men minus women = −0.55. 95% confidence interval of this difference: from −4.61 to 5.71. 
GEP-NEN = gastroenteropancreatic-neuroendocrine neoplasia.

Table 4 

Lines of therapies in patients from the therapy cohort (2010–2023). The first observation (n) takes into account how many patients 
from the total 98-patient cohort received a first, second, third and fourth line of therapy. The second observation (n2) takes into 
account how many patients received each type of therapy, per therapy line. Of note, 17 patients were reported to continue with 
further lines of therapy after fourth-line.

Variable Total number of patients (%)

n 98 (100.0)
Therapy line 1st line 2nd line 3rd line 4th line
 � Any therapy 98 (100.0) 93 (98.9) 71 (72.5) 43 (43.9)

Variable per therapy line 1st line 2nd line 3rd line 4th line

 � n2 98 (100.0) 93 (100.0) 71 (100.0) 43 (100.0)
 � Surgery 37 (37.8) 9 (9.7) 7 (9.9) 6 (14.0)
 � Radiotherapy 0 (0.0) 0 (0.0) 4 (5.6) 3 (7.0)
 � Chemotherapy 20 (20.4) 15 (16.1) 10 (14.0) 4 (9.3)
 � SSA 27 (27.6) 27 (29.0) 9 (12.7) 1 (2.3)
 � IFN-alpha 0 (0.0) 1 (1.1) 0 (0.0) 1 (2.3)
 � MTT 1 (1.0) 4 (4.3) 7 (9.9) 4 (9.3)
 � Locoregional therapy 0 (0.0) 3 (3.2) 4 (5.6) 3 (7.0)
 � PRRT* 13 (13.3) 34 (36.6) 30 (42.3) 21 (48.8)

IFN-alpha = interferon alpha, MTT = moleculary targeted therapy (sunitinib, everolimus), PRRT = peptide receptor radionuclide therapy, SSA = somatostatin analog.
* PRRT cycles with radionuclides 177Lu or 90Y. 95.92% of PRRT-receiving patients used the formulation with 177Lu; 15.68% of PRRT-receiving patients used the formulation with 90Y.
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origin, which is the most common origin of G3 NETs accord-
ing to the WHO.[2] Notably, 6 G3 GEP-NET patients either had 
the primary tumor detected via SSR-based imaging, or imaging 
follow-ups were performed with SSR-based imaging (SSR scin-
tigraphy, PET or combined tomography). One case involved a 
pancreatic tumor first diagnosed as poorly differentiated endo-
crine carcinoma (PDEC) according to WHO 2000 classifica-
tion with Ki-67 = 25%, which years later was re-classified as 
G3 NET. While not a typical characteristic of G3 NETs, there 
have been prior cases reported in the literature of patients with 
G3 NETs exhibiting a positive SSR imaging uptake and receiv-
ing PRRT.[44,45] 2 of these G3 NET patients were treated with 
177Lu-DOTATATE after EMA approval, which would indicate 
clinician’s decision to use PRRT off-label or for investigational 
purposes as done in the NETTER-2 trial.[18]

As mentioned previously, treatment patterns and outcomes 
were analyzed in the therapy cohort (2010–2023). The occur-
rences of each therapy option are in line with pan-European 
NEN patient studies.[37] The 2 most common first-line ther-
apies in our study were surgery and SSA, which follows the 
same trend observed in a recent study in Sweden[16] as well as 
the trend observed in the German NET-Registry up to 2010.[30] 
This trend is aligned with the therapies of choice as recom-
mended by ESMO.[1] Radiotherapy and IFN-alpha were the 2 
least frequent therapies observed in our study. Radiotherapy is 
usually administered in the form of palliative treatment of bone 

metastasis.[46] Accordingly, the radiotherapy-receiving patients 
in our study presented with bone metastasis. IFN-alpha, proba-
bly due to its side effects, was administered only to 2 patients in 
the therapy cohort, after use of SSA in a prior therapy line. This 
modality would follow the established approach of administer-
ing IFN-alpha in second-line as an add-on treatment to SSA in 
patients with refractory syndrome,[47] or when other therapeu-
tical options have been exhausted or are not appropriate, par-
ticularly in midgut NETs where therapeutical options are more 
limited in contrast to those for pNETs.[1] Of note, both patients 
had iliac NEN, one G1 and one G2, and were treated in differ-
ent centers. No information on presence of refractory carcinoid 
syndrome was made available.

All patients in our study received PRRT, as required per study 
inclusion criteria, however the complexity in treating GEP-NEN 
patients is observed in the several, different combinations of 
treatment lines and therapy options besides PRRT cycles. The 
therapy cohort revealed that most patients required surgical 
resection (37.8%) as a first-line therapy, however most patients 
from this subgroup required further treatment in the sense of 
biological therapy (e.g., SSAs) in addition to cycles of PRRT. 
PRRT as a second or third-line therapy is common in clinical 
practice as the recommendation is to consider it after failure 
of other therapies.[48] Of note, not all surgeries prior to PRRT 
should be considered as failed attempts at curing, as currently 
there is an interest in using surgery before PRRT to remove 
bulky lesions which are unlikely to result in shrinkage from the 
therapy. To that effect, a phase IV clinical trial is currently ongo-
ing (clinicaltrials.gov identifier: NCT06016855). PRRT as first-
line therapy in our study was the least frequent option, coming 
after surgery and pharmacological therapy. This was expected 
due to the clinical practice recommendations, however it should 
be noted there is current interest in considering PRRT as a first-
line therapy, including clinical trials.[1,18,49] Of note, this anal-
ysis on therapy lines does not discriminate between curative, 
adjuvant, neoadjuvant or palliative therapies. This is because 
in a retrospective study it is difficult to confirm the purpose of 
each therapy, as the possibility of contacting each treating phy-
sician does not exist. Nonetheless, this analysis should provide 
an updated snapshot of the quality of GEP-NEN patients and 
could trigger future cost of care research.

It should be noted that one of the aims of this study was 
not to evaluate overall or long-term patient survival but rather 
tumor response within 6 months after PRRT. This provides an 
idea about the short-term progression-free survival time, partic-
ularly important for PRRT as it has been recommended as an 
alternative when patients respond with progression while on 
other agents. We observed PRRT being administered either as a 
first, second, third or fourth-line therapy. Tumor response based 
on radiology reports revealed a result of mostly stable disease 
when PRRT was applied as a first, second or third-line therapy. 
Unfortunately, the large number of unavailable follow-up imaging 
data does not allow for statistical correlation analysis or time to 
progression/remission analysis. Additionally, analyzing response 
based on Chromogranin-A levels could not be performed for the 

Table 5 

Frequencies of therapies before peptide receptor radionuclide 
therapy in the therapy cohort (2010–2023).

Total number of patients (%)

Second-line: PRRT 34 (100.0)

First-line:
 � Surgery 14 (41.2)
 � Radiotherapy 0 (0.0)
 � Chemotherapy 8 (23.5)
 � SSA 12 (35.3)
 � IFN-alpha 0 (0.0)
 � MTT 0 (0.0)
 � Locoregional therapy 0 (0.0)

Third-line: PRRT 30 (100.0)

First and second-line sequences:
 � Surgery and SSA 16 (53.3)
 � Sugery and chemotherapy 1 (3.3)
 � SSA and surgery 5 (16.7)
 � Chemotherapy and chemotherapy* 3 (10.0)
 � SSA and MTT 3 (10.0)
 � SSA and locoregional therapy 2 (6.7)

IFN-alpha = interferon alpha, MTT = moleculary targeted therapy (sunitinib, everolimus), PRRT = 
peptide receptor radionuclide therapy, SSA = somatostatin analog.
* Sequence of 2 different chemotherapies not part of the same therapy line.

Table 6 

Response rate by peptide receptor radionuclide therapy according to line of therapy. Data is represented as n (% of patients in the 
line of therapy). No complete remissions or recurrences were observed. Average imaging follow-up period was 3.5 years (SD 2.69).

PRRT line of therapy Patients treated Progressive disease* Stable disease Partial remission Unknown

1st 12 2 (16.7%) 7 (58.3%) 1 (8.3%) 2 (16.7%)
2nd 35 4 (11.4%) 16 (45.7%) 5 (14.3%) 10 (28.6%)
3rd 30 9 (30.0%) 10 (33.3%) 0 (0.0%) 11 (36.7%)
4th 21 7 (33.3%) 4 (19.0%) 2 (9.5%) 8 (38.1%)

PRRT = peptide receptor radionuclide therapy.
* Whenever tumor response data was not available, it was assumed to be progressive if patient was found to have expired within the follow-up period due to NEN-related causes. This was the case for 12 
patients.
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same reason. While most therapeutical protocols for NEN recom-
mend follow-up scans every 6 months or, particularly for PRRT, 
cross-sectional imaging 2-3 and 6 months after the last cycle, this 
may not always be feasible in real-world clinical practice.[47,50] 
Lost to follow-up cases should also be accounted for the missing 
data. Hence, this study is based on documented clinical obser-
vations, and the various forms of progression following PRRT 
reported in this study may necessitate additional investigations. 
Notably, RECIST 1.1 criteria do not take into account the phe-
nomenon of pseudo-progression in response evaluation. Use of 
RECIST 1.1 in the presence of pseudo-progression is a possible 
confounder. Pseudo-progression should be considered when there 
is an increase in tumor size observed during or after undergo-
ing PRRT.[51] This phenomenon, first observed in gliomas treated 
with temozolomide combined with radiotherapy, and now largely 
associated with cancer immunotherapy, likely stems from radio-
genic edema and inflammation, and does not accurately reflect 
the tumor’s response to the therapy.[52,53] Functional imaging, such 
as PET/CT, can aid in distinguishing between genuine progression 
and pseudo-progression when the latter is suspected.[54] Given the 
retrospective nature of this study, there was no control on the 
choice of imaging technology used by the physicians in the par-
ticipating centers.

To the best of our knowledge, there has been no report on 
TSF, progression-free survival or overall survival with regards to 
PRRT used in four-line treatment sequences. TSF has been pro-
posed as a surrogate endpoint for overall survival in other can-
cers where multiple drugs are also used sequentially, such as non 
small-cell lung cancer and colon cancer.[55,56] As this retrospective 
study did not involve long-term follow up of patients with any 
kind of therapy but rather the PRRT cycles, emphasis was placed 
on PRRT TSF. Nevertheless, the patient numbers studied here 
were insufficient to achieve enough statistical power. Additionally, 
the large number of unavailable data resulted in much variability.

It is the opinion of the authors that this study reveals the 
landscape of NEN disease and care in Germany with focus on 
patients receiving PRRT among other therapies. The results can 
be applied to bigger-scale epidemiological, pharmacoepidemi-
ologic and health economics research. Additionally, we plan 

on continuing this exploratory, retrospective study to extend it 
beyond the data extract and harness the database’s full poten-
tial. The heterogeneity in treatment patterns that are described 
in this document speaks about the different efforts currently 
pursued by healthcare providers in managing this difficult and 
rare disease. Given how frequent patients are diagnosed at an 
advanced stage, and that most cases are not part of familial syn-
dromes, we recommend conducting research to find out markers 
predisposing individuals to developing NEN. This would allow 
for the implementation of routine screening practices in risk 
groups. Finally, and echoing the words of the ESMO Clinical 
Practice Guidelines for GEP-NEN,[1] we recommend conducting 
research to determine definite predictive markers. Meanwhile, 
we strongly advise following a personalized medicine approach 
based on a multidisciplinary board decision, individual patient 
characteristics, histopathological characteristics (including 
molecular profiling), as well as SSR imaging.

The current study has limitations. The foremost limitation is the 
retrospective nature of the study which is based on registry data 
sourced from different centers. Other limitations include the rela-
tively small sample size, which is explained by the rarity of NENs, 
and this sample size is common for most other studies as clari-
fied by Lesén et al, 2019.[16] Because this study encompasses cases 
from 1995 to 2023, the possibility of bias resulting from recent 
diagnostic developments as well as changing WHO classifications 
throughout the years cannot be excluded. Particularly, older cases 
had to be reevaluated in terms of histopathology using the WHO 
2019 classification for consistency. This limitation explains why it 
was decided to have different cohorts. Patients with localized dis-
ease stages which are not typically referred to oncologists could 
be missing in the registry and thus could have been missed in this 
study. However, little or no impact is expected in the study results 
as PRRT is typically used for GEP-NENs with metastasis. The 
range of time between follow-up scans was variable, which could 
have affected the tumor response results. In addition, limited over-
all follow-up duration and the choice of PRRT (177Lu or 90Y-based) 
could have influenced the results of the TSF analysis. RECIST 1.1 
criteria, when used by physicians, poses certain limitations applied 
to NENs, including confounding from pseudo-progression.[55] 

Figure 3.  Boxplot showing the time to failure of strategy of peptide receptor radionuclide therapy in the therapy cohort (2010–2023), according to line of ther-
apy. Median time to strategy failure is illustrated. First-line PRRT: 325.5 days (IQR: 172–958); second-line PRRT: 376 days (IQR: 190.6–1228.5); third-line PRRT: 
276 days (IQR: 84–598); fourth-line PRRT: 742.5 (IQR: 172.5–1400). No significant difference was found between the groups (P = .49). IQR = interquartile range, 
PRRT = peptide receptor radionuclide therapy.
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Finally, absent variables such as genetic factors and socioeconomic 
status are to be noted. Nevertheless, this retrospective study pres-
ents a comprehensive and up-to-date characterization of registry 
data including treatment patterns that may serve as the foundation 
for future clinical research.

5. Conclusions
In summary, our data show that GEP-NENs are mostly diag-
nosed in stage IV. Surgery and SSA are the most common therapy 
options as part of the range of therapy lines in patients receiving 
PRRT. PRRT is still largely used as a subsequent line of therapy, 
i.e. not in a first-line setting. Such data contribute to an up-to-
date picture of GEP-NEN (pharmaco)epidemiology in Germany 
and should spark new epidemiological, pharmacoepidemiologic 
and health economics research to advance the diagnostics and 
management of patients living with this disease.
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