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Introduction: Neuroendocrine neoplasms (NEN) are a rare and heterogenous

group of tumors arising from neuroendocrine cells in multiple organs.

Neuroendocrine tumors (NET) G3 encompass a small subgroup accounting for

less than 10% of all neuroendocrine neoplasms. In contrast to NET G1 and G2 as

well as neuroendocrine carcinomas (NEC), in NET G3 data on treatment and

patient outcomes are still limited. Especially in a metastasized tumor stage, the

role of surgery, peptide receptor radionucleotide therapy (PRRT), and systemic

chemotherapy is not clearly defined.

Methods: In this real-life cohort, we consecutively analyzed clinical outcome in

NET G3 patients receiving different diagnostic and treatment.

Results and discussion: We found that even metastasized NET G3 patients

undergoing surgery, or receiving radiation, somatostatin analogues (SSA), and

PRRT showed a clear survival benefit. Interestingly, all treatment regimen were

superior to classical chemotherapeutic agents. In addition, somatostatin receptor

(SSTR) PET-CT, FDG PET-CT, and repetitive biopsies were shown to be useful

diagnostic and prognostic tools in NET G3. Our study demonstrates that patients

with highly proliferative NET G3 might benefit from less aggressive treatment

modalities commonly used in low proliferative NEN.
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GRAPHICAL ABSTRACT
Introduction

Neuroendocrine neoplasms (NEN) compromise a rare and

heterogeneous group of tumors (1, 2). NEN arise from

neuroendocrine cells of various organs, including gastrointestinal

tract, pancreas, and lungs and are defined by the occurrence of

specific histopathological markers such as synaptophysin,

chromogranin A and CD56 (1–3). In addition to primary tumor

site and tumor stage, the histopathological differentiation (G1–3) is

one of the most relevant prognostic factors for overall survival (OS)

in NEN (1, 2, 4, 5). The histopathological classification includes

morphological criteria for well- and poorly differentiated tumors as

well as a tumor grading based on Ki67 proliferation index and/or

mitotic rate (3, 6). Tumor grading in gastroenteropancreatic (GEP)

NEN is defined as low (G1, Ki67 <3%), moderate (G2, Ki67 3% to

20%), or high (G3 Ki67 >20%) (3, 6, 7). Among all GEP-NEN, the

prevalence of G3 NET has been described from 5.6% to 8% (8–11).

In the lung, four different neuroendocrine epithelial tumors arise:

typical (0 or 1 mitosis per 2 mm2, and absence of necrosis), atypical

carcinoid (2–10 mitoses per 2 mm2, and/or presence of necrosis),

small cell neuroendocrine carcinoma (high mitotic counts), and

large cell neuroendocrine carcinoma (high mitotic counts) (12).

However, especially neuroendocrine neoplasms G3 are

extremely heterogenous, ranging from well-differentiated

neuroendocrine tumors (NET) G3 to poorly differentiated

neuroendocrine carcinomas (NEC) G3 (2). NET G3 are

predominantly defined by a well-differentiated morphology and

Ki67 index ranging from 20% mostly up to 55%, whereas NEC G3

present with a poorly differentiated morphology (large-cell or
Frontiers in Endocrinology 02
small-cell type) and Ki67 index in the majority of cases above

55% (2, 6, 11, 13).

Since the subgroup of NET G3 encompasses less than 10% of all

GEP-NEN, data on treatment and outcome are very limited (2, 14).

Regarding survival, OS has been shown to be significantly longer

compared with NEC G3 but shorter than in NET G1 and G2 (2, 3,

15). Due to an enormous heterogeneity in studies evaluating NEN G3

so far, even in limited, non-metastasized tumor stages, the role of

surgery has not been defined and guidelines for different treatment

modalities are largely missing (3, 16). Nevertheless, recent data show

that surgical management of GEP-NEN G3 may lead to survival

benefit in selected cases (16, 17). In advanced NET G3, the optimal

first-line therapy is not defined, considering the paucity of

prospective trials (2, 3). Platinum-based first-line therapies are

commonly used; however, response rates in NEN with a Ki67

index below 55% are lower than those of NEN with a Ki67 index

above 55% (3, 18). Chemotherapeutic regimens commonly used in

NET G2, especially capecitabine combined with temozolomide

(CAPTEM), seem to be an additional therapeutic option for first-

line treatment of NET G3 (2, 3, 19, 20). According to the high

expression of somatostatin receptor (SSTR) commonly observed in

NET G3, also treatment with somatostatin analogues (SSA) and/or

peptide receptor radionucleotide therapy (PRRT) has been described,

although SSTR PET imaging upfront and short-term interval imaging

to assess disease control are needed (3, 19, 21–25). Further

therapeutic options include mTOR inhibitors like everolimus and

tyrosine kinase inhibitors such as sunitinib (3, 26–28). Of note,

clinical trials investigating the benefit of immunotherapy in NET

G3 were disappointing so far (3, 29, 30).
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Given the lack of consecutive clinical data in NET G3 so far, we

here evaluated a real-live cohort of NET G3 patients regarding

clinical characteristics, outcome, and different treatment regimen.

Interestingly, we found that even metastasized NET G3 patients

undergoing surgery or receiving SSA/PRRT showed a significant

survival benefit compared with patients treated systemically with

classical chemotherapeutic agents. In addition, SSTR PET-CT, FDG

PET-CT, and repetitive biopsies were shown to be a useful

prognostic tool in neuroendocrine malignancy NET G3. Our data

provide first evidence that even patients with highly proliferative

NET G3 benefit from less aggressive treatment modalities

commonly used in low proliferative NET G1–2.
Materials and methods

Study population

Patients with the histopathological confirmed diagnosis of a

neuroendocrine tumor G3 at the time point of primary diagnosis,

treated at the ENETS Center of University Hospital Tuebingen,

were included in this retrospective observational study. Between

January 2016 and October 2022, 61 patients (39 male, 22 female,

mean age 57.89 ± 13.14 years) with NET G3 at the time point of

primary diagnosis received diagnostics and treatment at University

Hospital Tuebingen and were consecutively included in this study.

Five out of these 61 patients had mixed neuroendocrine–non-

neuroendocrine (MiNEN) neoplasms with a predominant

neuroendocrine part and Ki67 index above 20%. Since the

outcome of this patients might be driven by the adenocarcinoma

component, we excluded all MiNEN patients from further analysis.

All histopathological diagnoses were at least confirmed by one

reference pathologist (B.S. and/or S.S.). Treatment decisions were

based exclusively on a consent made in the interdisciplinary tumor

board of the University Hospital Tuebingen. Patient characteristics

in detail are shown in Table 1. Treatment schemes in detail are

presented in Table 2 and Supplementary Table 1. The study was

approved by the IRB (ethics committee of the Faculty of Medicine

of the Eberhard Karls University Tuebingen and of the University

Hospital Tuebingen) (reference number 362/2021BO2) and was

conducted in accordance with the Declaration of Helsinki.
Collection of data

For each patient included in the study, the following parameters

were evaluated: sex, age, primary diagnosis, primary tumor site, overall

survival (OS) after initial histological diagnosis of NET G3,

progression-free survival (PFS) after first-line treatment, TNM

classification, UICC stage, histopathology including Ki67 index at

first diagnosis and in the course of disease, treatment schemes in the

first line, second line, and third line, and further therapy lines including

locoregional treatment (surgery of primary tumor site and/or

metastases, radiotherapy of primary tumor site and/or metastases,

SSTR targeting therapies (somatostatin analogues (SSA) and/or

peptide receptor radionucleotide therapy (PRRT)), and further
Frontiers in Endocrinology 03
systemic treatments (cytotoxic chemotherapy (CTX), mTOR

inhibitor everolimus, tyrosine kinase inhibitors such as sunitinib,

immunotherapy, and others). Additionally, laboratory parameters

including lactate dehydrogenase (LDH) in U/L, neuron-specific
TABLE 1 Patient characteristics of the NET G3 cohort.

Patient characteristics Total (n=56)

Sex

male, n (%) 35 (62.5)

female, n (%) 21 (37.5)

Age in years at first diagnosis, mean – yr. ± SD (range) 60.66 ± 13.58

OS, mean 40

TNM classification, n (%)

Tumor

Tx 3 (5.36)

T0 12 (21.43)

T1 2 (3.57)

T2 11 (19.64)

T3 15 (27.87)

T4 12 (26.79)

Node

Nx 10 (17.86)

N0 12 (21.43)

N+ 34 (60.71)

Metastases

M0 10 (17.86)

M1 46 (92)

UICC classification, n (%)

I 2 (3.57)

II 2 (3.57)

III 6 (10.71)

IV 46 (92)

Ki67 index at first diagnosis, mean – % ± SD (range) 33.41 ± 8.67

Primary tumor site, n (%)

pancreas 19 (33.93)

CUP 12 (21.43)

lung 6 (10.71)

appendix 3 (5.36)

midgut 5 (8.93)

colorectal 4 (7.14)

miscellaneous 7 (12.5)
CUP, Cancer of unknown primary; G3, grading 3; m, months; M, metastases; n, number; N,
node; NEN, neuroendocrine neoplasm; NET, neuroendocrine tumor; OS, overall survival; SD,
standard deviation; T, tumor; UICC, Union for International Cancer Control; yr., years;
%, percentage.
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enolase (NSE) in µg/L, chromogranin A (CgA) in µg/L, serotonin in

µg/L, absolute neutrophile count (ANC), absolute lymphocyte count

(ALC), hemoglobin (Hb) level in g/dL, and platelet (PLT) count were

determined at timepoint of first diagnosis and frequently in the course

of disease, especially in the case of treatment change. Furthermore,

performance of somatostatin receptor (SSTR) PET imaging and/or

fluorodeoxyglucose (FDG) PET, body mass index (BMI) in kg/m2, and

the occurrence of diabetes were evaluated.
Statistical analysis

Descriptive statistics were applied to characterize patients

according to sex, age, primary diagnosis, primary tumor site,

TNM classification, UICC stage, histopathology including Ki67

index at first diagnosis and in the course of disease, and

treatment schemes in the first line, second line, third line, and

further therapy lines. Prior to performing any statistical test, we

tested for normal distribution using the D’Agostino & Pearson test.

For continuous variables, Student’s t test, Mann–Whitney U test,

one‐way ANOVA, and Friedman’s test were used, and chi‐squared

test or Fisher’s exact test was used for categorical variables. If

significant differences by one-way ANOVA were found,

groupwise comparison was done (Tukey’s multiple comparison

test). If significant differences by Friedman’s test were found,
TABLE 2 Treatment schemes of the NET G3 cohort for first-line,
second-line and third-line therapy.

Treatment schemes Patients

1st line therapy regimen, n (%)

Surgery of the primary
tumor site

13 (23.21)

Surgery of metastases 4 (7.14)

SSA 5 (8.93)

PRRT 7 (12.5), including 3 in combination with
radiosensitizing (CAPTEM)

SIRT 1 (1.79)

RT of metastases 3 (5.36)

Systemic therapies (other than
SSTR-directed)

22 (39.29)

Platinum/etoposide 8 (14.29)

CAPTEM 4 (7.14)

FOLFOX 3 (5.36)

FOLFIRINOX 2 (3.57)

Streptozotocin/5-FU 1 (1.79)

Carboplatin/paclitaxel 1 (1.79)

Everolimus 1 (1.79)

No therapy 2 (3.57)

2nd line therapy regimen, n (%)

Surgery of the primary
tumor site

5 (8.93)

Surgery of metastases 5 (8.93)

SSA 8 (14.29)

PRRT 8 (14.29), including 3 in combination with
radiosensitizing (CAPTEM)

SIRT 1 (1.79)

RT of the primary tumor site 2 (3.57)

RT of metastases 4 (7.14)

Systemic therapies (other than
SSTR-directed)

19 (33.93)

Platinum/etoposide 10 (17.86)

CAPTEM 3 (5.36)

CAPTEM/bevacizumab 1 (1.79)

FOLFIRI 1 (1.79)

Topotecan 1 (1.79)

Gemcitabine 1 (1.79)

Carboplatin/
paclitaxel/etoposide

1 (1.79)

(Continued)
TABLE 2 Continued

Treatment schemes Patients

3rd line therapy regimen, n (%)

Surgery of the primary
tumor site

4 (7.14)

Surgery of metastases 5 (8.93)

SSA 12 (21.43)

PRRT 4 (7.14), including 2 in combination with
radiosensitizing (CAPTEM)

RT of metastases 2 (3.57)

Systemic therapies (other than
SSTR-directed)

18 (32.14)

Platinum/etoposide 2 (3.57)

CAPTEM 6 (10.71)

FOLFOX 1 (1.79)

FOLFOX/bevacizumab 3 (5.36)

Topotecan 1 (1.79)

Nivolumab/ipilimumab 1 (1.79)
1st, first; 2nd, second; 3rd, third; 5-FU, 5-fluorouracil; CAPTEM, capecitabine/temozolomide;
FOLFIRI, irinotecan; 5-fluorouracil, leucovorin; FOLFIRINOX, oxaliplatin, irinotecan, 5-
fluorouracil, leucovorin; FOLFOX, oxaliplatin, 5-fluorouracil, leucovorin; G3, grading 3; n,
number; NET, neuroendocrine tumor; PRRT, peptide receptor radionucleotide therapy; RT,
radiotherapy; SIRT, selective internal radiotherapy; SSA, somatostatin analogue; SSTR,
somatostatin receptor; %, percentage.
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Dunn’s multiple comparisons test was used. OS and PFS, including

the median, were calculated using the Kaplan–Meier method.

Hazard ratios (HRs) were determined using Cox regression

analysis. OS was calculated from the date of primary diagnosis.

All statistical tests were considered statistically significant when p

was below 0.05. Statistical analysis was performed using GraphPad

Prism (v.9.1.2).
Results

Treatment modalities favoring outcome in
neuroendocrine tumors G3

Even though treatment algorithms are well established in low-

grade neuroendocrine tumors (NET G1 and G2, Ki67 pos. cells

<1%–20%) and highly aggressive NEC, general guidelines for

diagnostic workup and subsequent therapy are largely missing in

the group neuroendocrine tumors G3 (Ki67 pos. cells > 20%). In

order to better define a reasonable diagnostic workup and optimal

treatment for this rare subgroup of NET G3 patients, we

subsequently analyzed 61 patients with histopathologically

confirmed diagnosis of NET G3 treated at the ENETS Center of

Excellence Tuebingen in between January 2016 and October 2022.

36.1% pancreatic neuroendocrine tumors (pNETs) were the most

common subgroup in our patient cohort, followed by carcinoma of

unknown primary (CUP) NET (19.7%), neuroendocrine tumors of
Frontiers in Endocrinology 05
the lung (9.8%), and neuroendocrine tumors with gastrointestinal

origin (Figure 1A). The majority of patients showed advanced

disease stages with lymph node involvement or metastasis at

primary diagnosis. Subsequently, 82% of patients were classified

as UICC stage IV (Figure 1B). Comparable with other studies in

NET G3, the median survival in the entire cohort was 40

months (Figure 1C).

To further investigate the influence of different treatment

modalities on OS in NET G3, we analyzed patients receiving a

locoregional or SSTR directed and systemic first-line treatment.

Locoregional or SSTR targeting treatment included surgery,

radiotherapy, SSA therapy, and PRRT. Systemic treatment comprised

different chemotherapeutic regimen as cis-/carboplatin and etoposide,

capecitabine/temozolomide (CAPTEM), or 5-FU-based treatments

(Table 2). Of note, patients receiving a locoregional or SSTR

targeting treatment showed a significantly prolonged OS compared

with patients with a systemic treatment (HR: 2.9, 95% CI: 1.4–6, p =

0.014, Figure 1D). Since higher proliferation rates in this heterogenous

cohort of NET G3 might impact the previous observation, we analyzed

Ki67 pos. cells in both groups (patients treated with locoregional or

SSTR targeting treatment and patients receiving other systemic

treatments). However, we did not observe significant differences

within the tumor proliferation rates in both groups (Figure 1D).

Taking into account that locoregional treatment in UICC I–III stages

has curative potential, we performed subgroup analyses in NET G3

patients presenting with UICC I–III vs. UICC IV stages. All patients

with UICC I–III received locoregional treatment in the first line, and
B C

D E F

A

FIGURE 1

Treatment modalities favoring outcomes in neuroendocrine malignancies (NET G3). (A) Distribution of different histopathological subtypes in the
NET G3 study cohort. (B) Tumor staging (T,N,M) and UICC stages at primary diagnosis. (C) Kaplan–Meier curves estimates for OS (in months) in the
entire study cohort of NET G3 patients (n=63). (D) Kaplan–Meier curves estimates of OS (in months) in patients receiving a locoregional/SSTR
directed (blue) and systemic treatment (red) as first line therapy. Ki67 pos. cells in patients receiving a locoregional/SSTR directed and systemic
treatment. (E) Kaplan–Meier curves estimates of OS (in months) in UICC I-III patients receiving a locoregional treatment. Ki67 pos. cells in patients
receiving a locoregional/SSTR targeting treatment. (F) Kaplan–Meier curves estimates of OS (in months) in UICC IV patients receiving a locoregional/
SSTR targeting (blue) and systemic treatment (red) as first line therapy. Ki67 pos. cells in patients receiving a locoregional/SSTR directed and
systemic treatment.
frontiersin.org

https://doi.org/10.3389/fendo.2023.1285529
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Hinterleitner et al. 10.3389/fendo.2023.1285529
compared with the entire cohort, we observed a prolonged median

survival of 61 vs. 40 months (Figure 1E). Similar to the entire cohort, in

patients with UICC IV, we observed a significant OS benefit for

patients receiving a locoregional treatment (HR: 2.4, 95% CI: 1.1–5.2,

p = 0.035, Figure 1F). Again we did not observe a difference in tumor

proliferation rates within both groups (Figure 1F).

To further dissect the influence of the different first-line

treatment modalities on PFS and OS in NET G3, we performed

subgroup analyses in patients receiving surgery, radiotherapy, SSA

and/or PRRT, or other systemic treatment. With a median PFS of

15.6 months for patients treated with SSA and/or PRRT and 13.2

months for patients who underwent surgery, both groups showed

prolonged PFS compared with patients treated with radiotherapy

(10 months) or chemotherapy (5 months) (Figure 2A). Overall

survival analysis revealed a benefit for patients undergoing surgery

(median OS: 115 months), followed by patients receiving SSA/

PRRT (median OS: 44 months) and patients with radiotherapy

(median OS: 33 months). Patients with a systemic treatment

showed only a median OS of 24 months (Figure 2B). In order to

identify cofactors influencing our observations, we analyzed tumor

proliferation rates (Figure 2C), LDH level (Figure 2D), NSE level

(Figure 2E), and CgA concentrations (Figure 2F) at primary

diagnosis. We did not observe differences in between Ki67 pos.
Frontiers in Endocrinology 06
cells, LDH level, or NSE level in the different groups. Interestingly,

patients undergoing a radiotherapy showed an elevated CgA level

(Figure 2F). In the second- or third-line treatment, SSA and/or

PRRT remained to be associated with a prolonged OS (median OS:

40 months). Here, with a median OS of 24 months, surgery showed

no benefit compared with systemic therapy (median OS: 24 months,

Supplementary Figure 1A). In conclusion, NET G3 patients treated

with locoregional treatment regimen including surgery and/or

radiotherapy or SSTR targeting treatment (SSA and/or PRRT) in

the first line showed a significant OS and PFS benefit. Interestingly,

patients treated with aggressive systemic treatment regimen

commonly used in highly aggressive NEC did not show OS or

PFS benefit (Supplementary Figure 1B). Of note, all subgroups were

balanced with regard to tumor proliferation rate (Ki67 level), LDH

level, and NSE level. Since more prospective clinical data and a

better accessibility of specific treatments including PRRT changed

the treatment landscape of neuroendocrine tumors over time, we

analyzed the use of different treatment strategies between 2016 and

2022. Interestingly in our small patient cohort, we were not able to

identify a significant change in between the different treatment

strategies over time (Supplementary Figure 2A). In addition, we did

not obverse a significant association of the use of CTX, RT, SSR/

PRRT, or surgery and patient age (Supplementary Figure 2B). Of
B

C D E F

A

FIGURE 2

Locoregional treatments increase survival in neuroendocrine malignancies (NET G3). (A) Kaplan–Meier curves estimates of PFS (in months) in
patients receiving surgery, CTX, SSA/PRRT or RT as first-line therapy. (B) Kaplan–Meier curves estimates of OS (in months) in NET G3 patients
receiving surgery, CTX, SSA/PRRT or RT as first-line therapy. (C) Ki67 pos. cells in different treatment groups. (D) LDH levels (U/L) in different
treatment groups. (E) NSE levels (µg/L) in different NET G3 treatment groups. (F) Chromogranin A level (µg/L) in different treatment groups.
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note, larger patient cohorts and longer observation periods might be

needed to adequately address this topic.
SSTR and FDG PET-CT serve as prognostic
factors in NET G3

In a second step, we comparatively analyzed the diagnostic

workup in our patient cohort. Even though SSTR PET-CT scans are

not routinely performed in NET G3 patients, 79.2% of patients with

UICC IV received a SSTR PET-CT scan at primary diagnosis.

Taking into account that an SSTR-positive lesion is a prerequisite

for a targeted therapy (SSA/PRRT), patients who received an SSTR

PET-CT showed a significant better OS (HR: 3.4, 95% CI: 1.1–10.8,

Figure 3A). In accordance with this observation, patients presenting

at least one pos. lesion also showed a significant increased OS

(HR:2.1, 95% CI: 0.9–4.8, Figure 3B). Of note, SSTR pos. lesions

where not associated with decreased Ki67 or LDH level (Figure 3C).

In 39.6% of patients (UICC IV), an FDG-PET CT was performed

at primary diagnosis. Patients with FDG-PET-positive lesions showed

not only a higher Ki67 level (Figure 3D). A positive lesion was

additionally associated with a shorter OS (HR: 5.4, 95% CI: 1.9–15.5)

(Figure 3D). We did not observe a difference of Ki67 level in between

patients receiving an SSTR- or FDG-PET-CT scan at primary
Frontiers in Endocrinology 07
diagnosis (Figure 3E). In conclusion, we observed that patients

receiving an SSTR PET-CT scan at primary diagnosis and

particularly patients with SSTR pos. lesions showed a clear OS

survival benefit. FDG-CT scans efficiently identified patients with

higher proliferative NET G3, and correspondingly FDG-PET pos.

lesions were associated with a worse OS.
Consecutive biopsies serve as a useful
prognostic tool in NET G3

In 29 patients (46%), a subsequent biopsy of the primary tumor

was performed. Overall, we observed a significant decrease in Ki67

pos. cells in the follow-up tumor biopsy (mean Ki67 pos. cells (%)

initial biopsy 28.5 vs. 24.6 follow-up, Figure 4A). Even though the

majority of patients showed a decrease in Ki67 levels, we identified a

subgroup of patients with increased levels of Ki67. In order to

further characterize these patients, we calculated the ratio of Ki67

pos. cells at primary diagnosis and Ki67 pos. cells in the follow-up

biopsy. Here, we observed an overall decrease (ratio Ki67 expression

<1) in 16 patients (55.1%), two patients (6.9%) showed no changes

(ratio Ki67 expression = 1) and 11 (37.9%) showed an increase of

Ki67 pos. cells over time (ratio Ki67 expression > 1, Figure 4B). Of

note, Ki67 ratios were not dependent on the initial level of Ki67 pos.
B C

D E

A

FIGURE 3

SSTR PET-CT favoring outcomes in neuroendocrine malignancies (NET G3). (A) Kaplan–Meier curves estimates of OS (in months) in patients
receiving a SSTR PET-CT scan. (B) Kaplan–Meier curves estimates of OS (in months) in patients showing a SSTR PET-positive lesion. (C) Ki67 pos.
cells and LDH level (U/L) in patients showing a SSTR PET-positive lesion. (D) Kaplan–Meier curves estimates of OS (in months) in patients showing a
FDG PET-positive lesion. Ki67 pos. cells in patients with a FDG PET-positive vs. negative lesion. (E) Ki67 pos. cells in patients receiving a FDG PET-CT
vs. SSTR PET-CT scan.
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cells (Supplementary Figure 3). This suggests that treatment-

associated changes in tumor proliferation rates were independent

from the initial Ki67 level.

Interestingly, the ratio of the Ki67 expression (<1 vs. >1) served

as a reliable prognostic marker to predict OS in our cohort of NET

G3 patients (Figure 4C). We further used the Ki67 ratio to detect

changes in tumor proliferation in different treatment modalities.

Whereas patients who underwent a surgical procedure showed

predominantly positive Ki67 ratios, we detected a significant

decrease (Ki67 ratio <1) in patients treated with SSA and/or

PRRT (Figure 4D). In patients treated with chemotherapy, we

observed two populations (Ki67 ratio >1 and <1). This might

reflect the overall response to the respective treatment. Patients

receiving a radiotherapy showed a slight decrease of Ki67 ratios.

Even though our patient samples were limited, we showed here that

repetitive tumor biopsies and subsequent calculation of the Ki67

ratio can serve as a useful prognostic tool in NET G3.

Finally, we performed a multivariate analysis in our NET G3

cohort. Whereas gender (mean OS female: 71.6 months vs. mean OS
Frontiers in Endocrinology 08
male: 36.4 months), surgery, and SSA and/or PRRT were shown to be

significantly associated with a prolonged survival, chemotherapy, age,

the occurrence of metastasis, and elevated platelet counts were negative

predictors for OS (Figure 4E).

In conclusion, our study implicates, that patients with NET G3

strongly benefit from locoregional therapies in the first-line.

Interestingly, even UICC IV patients with surgery showed a clear

OS and PFS benefit. In addition, SSA and/or PRRT had remarkable

effects on OS and PFS. Taking this into account, the implementation

of a SSTR PET-CT in the routine diagnostic workup seems useful in

NET G3 patients. Finally, sequential tumor biopsies and concomitant

Ki67 ratios might be useful as novel prognostic marker in NET G3.
Discussion

Real-world data constantly analyzing patient survival and

treatment outcome are curricle for the development of treatment

guidelines in cancer. However, in rare and heterogenous tumor types
B C

D E

A

FIGURE 4

Consecutive biopsies serve as useful prognostic tool in NET G3. (A) Comparison of Ki67 pos. cells in primary vs. follow up biopsy. (B) Ki67 ratio (Ki67
pos. cells at primary diagnosis/Ki67 pos. cells in follow up biopsy) in all NET G3 patients with one consecutive biopsy. (C) Kaplan–Meier curves
estimates of OS (in months) in patients showing a Ki67 ratio >1 vs. <1. (D) Ki67 ratios in different treatment conditions. (E) Multivariate comparative
analysis for factors associated with a prolonged survival. * = p<0.05.
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large clinical data sets are missing. Neuroendocrine neoplasms

encompass a rare and heterogeneous group of tumors arising from

neuroendocrine cells in various organs (1, 4, 5). Within the group of

NEN most data are existing for GEP-NET with low to moderate

proliferation rates (NET G1-2) and neuroendocrine carcinomas

(NEC) (1, 4, 31). In localized NEN surgical tumor resection is the

best curative option (5, 32). For low NET G1-2 tumors expressing

SSTR, SSA and/or PRRT show favorable response rates, significantly

prolonging patient survival (5). For highly proliferative NEC

platinum-based first-line therapies are well established and

commonly used (5). However, due to limited availability of clinical

data for the sparse subgroup of NET G3 (Ki67 >20%) no general

treatment guidelines have been established so far. In our real-world

cohort of 61 NET G3 patients we consecutively analyzed clinical

characteristics, treatment schedules and patient outcomes.

Our patient cohort encompasses 59.1% NET with a

gastroenteropancreatic origin, followed by CUP-NET and pulmonary

NEN. This is in line with previous larger cohorts of NEN (1, 2, 20),

confirming the representative nature of our study cohort. In our cohort

only 18% of patients presented with a limited disease stage. All of these

patients underwent surgery in the first line, leading to a 48 months

recurrence-free survival of 81.8%. Even if these data are promising and

in line with previous published data (32, 33), the majority of our

patients (82%) presented with metastasis at primary diagnosis.

Especially in this cohort various chemotherapeutic agents have been

tested, with mixed results (20). In our cohort we observed that patients

undergoing locoregional treatment or SSTR based therapies showed a

significant survival benefit compared with patients receiving

conservative chemotherapeutic therapy regimes including platinum/

etoposide, CAPTEM, STZ/5-FU or FOLFOX. Of note, the Ki67 levels

in both groups of patients didn’t differ significantly. This observation is

remarkable, since in clinical practice NET G3 tumors showing higher

proliferation rates are regularly treated according to the guidelines of

high proliferative NEC (2, 3). However, the observation that surgery in

patients presenting with metastasis can significantly prolong survival

has made in several solid tumors including colorectal cancer, sarcomas

and ovarian cancer (34–38). Our study shows that surgery in

metastasized NET G3 patients represents a suitable treatment option,

which is in line with previous results summarized by Holmager and

colleagues (17). In addition, our data showed that SSA and/or PRRT,

two treatment options commonly used for NET G1-2, showed a clear

PFS and OS benefit in NET G3. This observation is in line with

previous small cohorts evaluating SSA/PRRT in NET G3 (39). Due to

the expected prolonged time to response compared with classical

chemotherapeutic agents SSA and/or PRRT are still barley used in

high proliferative NEN so far (3). The survival benefit of SSA and/or

PRRT in our cohort is also reflected by the predictive value of the

availability of a SSTR PET and the occurrence of SSTR pos. lesions.

In contrast, FDG PET positivity negatively correlates with OS,

in accordance with previously published studies (40). Finally, our

data reveal that consecutive biopsies and the determination of Ki67

and the ratio of Ki67 level (primary diagnosis/follow up) in NET G3

can serve as useful prognostic and potential predictive biomarker in

NET G3. This is especially important in the subgroup of NEN, since

an accelerated tumor proliferation clearly has therapeutic

consequences (40). Overall we observed a decreased proliferation
Frontiers in Endocrinology 09
after treatment with conventional chemotherapy and SSA/PRRT.

This is remarkable, since to our knowledge, SSA/PRRT in NET G3

has not yet been shown to decrease Ki67 levels significantly.

In conclusion, our study shows that NET G3 patients clearly

benefit from treatment options commonly used for low proliferative

NET G1-2. This might indicate that, even if NET G3 patients show

higher proliferation rates (Ki67 level), the tumor biology is more

comparable with NET G1-2 then to NEC (41, 42). Even if no

consecutive clinical data comparing treatment regimen in this

subgroups are existing so far, comparative genetic data reveal that

NEC and NET G3 show two distinct genetic subgroups (42).

Nonetheless, our study has some limitations. The retrospective

characteristic of the study only allows for correlations rather than

causal relationships between the individual factors. The small

sample size might act as additional confounding factor here.

Overall, larger prospective and multicenter studies are urgently

needed to further investigate the role of surgical interventions, SSA/

PRRT and radiation in patients with highly proliferative NET G3.
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modalities and patient age.

SUPPLEMENTARY FIGURE 3
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