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Abstract

Background Gastroenteropancreatic neuroendocrine tumors (GEP-NETs) are a heterogeneous group of tumors with
a broad range of local and systemic treatment options. Still a lack of data regarding treatment sequences exists. The
aim of this study was to analyse outcomes in GEP-NETs depending on stage and treatment steps and compare our
treatment decisions to the latest treatment recommendations of European Society of Medical Oncology (ESMO) 2020
for GEP-NETs.

Methods Patients were included in this retrospective single-center analysis from 2012—2016. All patients suffering
from a GEP-NET, who were screened, treated or evaluated at ENETS Center in Zurich, Switzerland were included in
analysis. Patients with any other diagnosis of NET were not included. We used Kaplan Meier estimator as well as Cox
regression to compare survival rates between different sites of localization, grades or stages and treatment sequences.

Results Overall, we identified 256 GEP-NETs, most in advanced stage (62%) and located in small intestine tract or
pancreatic gland. Survival depended on stage, grade, primary site and duration of response for the early systemic
treatment. On average patients underwent 2.6 different treatment modalities, mostly depending on stage and higher
tumor grade. Surgery was performed early but also in advanced stages, usually followed by Somatostatine-Agonist
modalities.

In distant disease (Stage IV), we investigated a positive effect of PFS after treatment with Somatostatine Analogues
(SSA) (hazard ratio [HR], 0.45; 95% confidence interval [Cl], 0.21 — 0.97; p=0.04) and systemic treatment (HR, 0.51; 95%
Cl,0.26 - 0.99; p=0.047) if patients underwent prior surgery or endoscopic resection.

Kaplan Meier distributions predict shorter OS in distant disease (Stage V), (Figure. 1; HR, 2.06; 95% Cl, 1.46 - 2.89; log-
rank test, p<0.007).

Conclusion This retrospective analysis presents a great overview of all patients, disease and treatment characteristics
of GEP-NETs at ENETS Center in Zurich, Switzerland. We illustrated survival (PFS) depending on implemented thera-
pies. According to these findings, we formed a suggested treatment algorithm for advanced GEP-NETs, which does
not differ from the latest treatment recommendation by ESMO guidelines for GEP-NETs.

The results of this project may define GEP-NET patients’selection for upcoming clinical prospective studies.
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Introduction

Neuroendocrine tumors (NETs) are a rare and heteroge-
neous spectrum of tumors, originating from the embryo-
nal neural crest. Gastroenteropancreatic (GEP)-NETs
represent about 60% to 70% of all NETs and occur at an
age-adjusted incidence of 5.25 cases per 100’000 peo-
ple [1-3]. The annual report by SwissNET showed an
increase by 26% between 2014 and 2015 and a stable
increase of new NETs in Switzerland around 20% in 2020
[4, 5]. Although not fully understood, the rising incidence
may also reflect better diagnostic tools or earlier detec-
tion, e.g. during appendectomy [6]. Apart from the pri-
mary tumor site, histological characteristics define and
predict biological behaviour and prognosis of GEP-NETs
[7-10].

According to the European Neuroendocrine Tumor
Society (ENETS)/World Health Organization (WHO)
grading system, NETs were until 2017 grouped into three
grades according to tumor proliferation markers, includ-
ing Ki-67 index and mitotic count (10 per high-power
field [HPF]). This classification has moved forward in
2017, when the WHO grading system was updated and
the group of NECs was subdivided into well-differen-
tiated G3 NET (Ki-67<55%) and poorly differentiated
NEC (Ki-67 index>55%) [8, 11, 12]. Another update of
the WHO classification in 2019, highlighted a new termi-
nology of mixed neuroendocrine-non-neuroendocrine
tumors (MiNEN), formally classified as mixed adenoneu-
roendocrine carcinoma (MANEC) as well more detailed
classifications of NET G3 and a terminology of appendi-
ceal goblet cell carcinoma/carcinoid [13].

A precise staging is critical, as over 50% of GEP-NETs
initially manifest as advanced or metastatic stage. In
addition to metastases in lymph nodes, NET spreads
predominantly into liver, peritoneum, bone and lung
[14]. Different staging systems include the TNM staging
systems of ENETS (mostly used in Europe) or American
Joint Committee on Cancer/Union for International Can-
cer Control (AJCC/UICC, more used in the United States
of America [USA]) [15, 16].

Treatment decisions for localized and advanced stages
are made by a consensus of experts among a NET dedi-
cated multidisciplinary tumor board (MTB) based on
guidelines such as ENETS or ESMO for GEP-NETs [11,
17-23].

Curative treatment of GEP-NETs is only possi-
ble by surgical or endoscopic resection. This also
refers to patients with limited (regional) disease or

oligometastatic situation, whereas palliative surgery
or ablation for symptom relief may also be consid-
ered in selected cases [24—-26]. Over the last decades,
treatment of metastatic NET has dramatically evolved,
providing novel strategies. For example targeting the
somatostatin-receptor by Somatostatin Analogues
(SSA) is one of the best evaluated options [3]. Nowa-
days, long-acting Octreotide or Lanreotide are used to
either control carcinoid symptoms by decreasing hor-
mone and peptide secretion or control tumor growth
and progression [27, 28]. These agents are mostly used
for functional GEP-NETs or for management of well-
differentiated proliferative tumors with expression of
somatostatin receptors (SSTR) [29]. Other essential
systemic therapies include chemotherapy combina-
tions (Streptozotocin [STZ] and 5-fluorouracil [5-FU]
or Capecitabine and Temozolomide [CAPTEM] in G2,
or platin combination with Etoposide in G3 NETs).
Recently, peptide receptor radionucleotide therapy
(PRRT), using radiolabelled somatostatin analogues
for targeting SSTR, enriched the treatment modal-
ity in second or further line [30]. Plus, targeting the
Mechanistic Target of Rapamycin (mTOR) pathway
or tyrosine kinase inhibitors (TKIs) in advanced pan-
creas-NETs (p-NETs), as well as Bevacizumab or inter-
feron-alpha as back-up options has put more variety in
the further-line treatment [3].

All these options are presented in the current guide-
lines of ENETS, ESMO or NCCN [11, 17-23, 31].
According to grading, staging and the origin of GEP-
NET, these guidelines reflect a clear recommendation
for first-line treatment. But no preference or sequence
recommendation is clearly stated for GEP-NETs. While
current treatment options have been approved by pla-
cebo controlled trials, a head-to-head comparison of
active treatments is lacking [30, 32-36]. Thus, real-
world data are highly valuable to contribute survival
and treatment data, especially regarding the rarity of
this disease [17, 20, 37].

Due to this wide range of systemic treatment possi-
bilities, it is highly important to discuss a GEP-NETs
situation among an interdisciplinary setting (if available
at an certified ENETS Center of Excellence [CoE] [17,
38]. Therein, combined or sequential treatment options
should be taken into consideration to improve survival
(3, 11].

In this project we aimed to analyse differences in
treatment and survival outcome of GEP-NET patients
according to their course of treatments.
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Materials and methods

Between 2012 and 2016, patients with a diagnosis of
GEP-NET were screened, treated or evaluated at the
ENETS Center Zurich, Switzerland, including a follow-
up until December 2018. Patients with any other diagno-
sis of NET were not included.

(Appendix Al) All patients’ data was retrospectively
extracted from routinely documented medical history. At
the University Hospital of Zurich, patient data including
diagnostics and therapies were completely documented
by electronic health record (EHR) and managed by a ven-
dor EHR system (KISIM, CISTEC AG, Zurich, Switzer-
land). Missing medical reports of patients with lacking
medical history files in our EHR system were requested
at last attending physician. Patients’ and disease charac-
teristics, such as kind of tumor and metastases, stages,
histologic grades and dates of progression; diagnostics,
dates and kinds of different treatment lines, as well as
dates of follow-up and death were documented in chart
review. Date of progression, including locoregional and
distant metastatic progression, was reviewed in radi-
ologists reports or physician notes. Date of death was
matched with Swiss registry of deaths.

Disease characteristics
GEP-NETs were classified according to TNM staging
system of ENETS. Stage I and II were combined in local-
ized disease, Stage III named as regional and Stage IV as
distant disease or both of them combined in advanced
disease [11]. We used ENETS/WHO 2010 grading sys-
tem for classification into different grades according to
proliferation index Ki-67 and mitotic count (10 HPF).
(Appendix A2) [8, 11].

Treatment characteristics and follow-up data can be
found in the supplementary material of this manuscript.
(Appendix A3).

Primary endpoint and outcome
For final analysis, we calculated PFS for each treatment
as primary endpoint and for secondary endpoints we
analysed overall survival (OS) and time to progression
(TTP), all of them in months. (Appendix A4) [39, 40].
Patients who had received at least one therapy line
were included in statistical analysis of treatment char-
acteristics and PFS. PFS was calculated for implemented
treatments and their sequences (Appendix A5) [41, 42].

Statistics

All analyses were performed in IBM SPSS Statistics, ver-
sion 24 (IBM Corp., Armonk, NY, USA). Descriptive
statistics were used to calculate proportions and fre-
quencies for categorical variables, means, medians and
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95% confidence intervals (CI's) for continuous variables.
We used Kaplan Meier curves to evaluate OS, TTP and
PFES rates. We compared these by log-rank test and used
Kaplan Meier estimator as well as Cox regression to com-
pare survival rates between different sites of localization,
grades or stages at first diagnosis and treatment patterns
[43] (Appendix A6) [41, 42]. The level of significance
was set at p<0.05. No multiple testing correction was
adjusted to the p-values.

Ethics

An application for this study was submitted to Swiss Eth-
ics for human research and was adopted by Swiss Ethics
Committees in 2016. (Appendix A7) [44].

Results

Table 1 describes our patient population including
patients, disease characteristics, diagnostics and treat-
ment characteristics.

Patients’ characteristics

Out of 328 NET patients between the age of 8 and
86 years (at first diagnosis), 256 patients with a GEP-NET
were screened and included in analysis. At the beginning
of diagnosis two children with GEP-NET were at age of
13 and 15. All GEP-NET patients have reached adult age
at the end of observation period.

Only 26% were cancer care patients and underwent
diagnostics, therapy and follow-up at USZ. 24% went
through specific therapy at our institution, 41% were sent
for a specific diagnostic and 9% were just presented at the
MTB for second opinion. The average follow-up time was
77 months (range, 0.5 — 291 months). {Appendix A8} 14
patients suffered from a secondary malignancy during
time of observation.

Disease characteristics

A detailed overview of subgroups by origin and grad-
ing of our GEP-NET/(NEC) population is depicted in
Table 1.

55% patients presented with NET-associated symp-
toms. Interestingly, the majority (58%) were symptomatic
only at first diagnosis, while in 3% of cases, the symp-
toms were exclusively caused by metastases. We detected
10% of NEC G3, G1 and G2 were equally presented with
29-31% in our population. Most primary tumors were
detected in pancreas (35%) and small intestine (36%),
whereas one fourth of our GEP-NETs has been detected
at a localized stage and 40% at metastatic stage. Within
metastatic stage, liver involvement (46%), bone (18%)
and peritoneal metastasis (11%) were the most common
detected regions.
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Table 1 Overview of patients, disease
diagnostics and treatment characteristics

characteristics,

Patients’ characteristics

No. of patients (%)

Male 136 (53%)
Female 120 (47%)
BMI, kg/m?

<185 8 (3%)

18.5-24.99 61 (24%)

25-29.99 40 (16%)

>30 16 (6%)

Mean, £ SD (range)

Age, years 556,415.36 (13 - 86)

Disease characteristics
Site of GEP-NET

No. of patients (%)

Small intestine 93 (36%)
Pancreas 88 (35%)
Appendix 9 (7.5%)
Stomach 6 (6%)
Rectum 1 (4%)
Colon or Cecum 7 (3%)
Gallbladder 1(0.5%)
Unknown primary site 21 (8%)
Stage (ENETS)
| 33 (13%)
Il 32 (12%)
1l 57 (22%)
% 101 (40%)
Unknown 33 (13%)
Grade (ENETS/WHO 2010)
G1 0 (31%)
G2 75 (29%)
G3 5 (10%)
Unknown 6 (30%)
Number of metastatic sites
0 122 (48%)
1 69 (27%)
2 44 (17%)
Metastatic sites
Lymph node 139 (54%)
At first diagnosis 50 (37%)
At distant stage 10 (8%)
At first diagnosis and at distant stage 74 (55%)
Liver 117 (46%)
Bone 45 (18%)
Peritoneal 9 (11%)
Lung (5%)
Symptoms
Pain 97 (38%)
Diarrhea 31 (12%)
Nausea/Vomitus 23 (9%)
Flush 20 (8%)
Weight loss 16 (6%)
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Table 1 (continued)
Constipation 8 (3%)
Fatigue 6 (2%)
Acid Reflux/Gastritis 5(2%)
Hypoglycaemia 3(1%)
Hypertension 3(1%)
Diagnostic imaging
8 Ga-DOTATATE-PET-CT 188 (73%)
At first diagnosis 101 (54%)
At metastatic disease 63 (33%)
At first diagnosis and at metastatic disease 24 (13%)
cT 167 (65%)
MRI 89 (35%)

Treatment characteristics No. of patients (%)

Kind of therapy (all subsequent lines)

Surgery 172 (67%)
RO resection 91 (53%)
SSA (Octreotide, Lanreotide, Pasireotide) 77 (30%)
PRRT 57 (22%)
Chemotherapy 40 (16%)
Endoscopic resection 29 (11%)
SIRT 25 (10%)
Everolimus 23 (9%)
Watch and wait 8 (7%)
Radiotherapy 3 (5%)
Sunitinib (3%)
RFA 7 (3%)
TAQE 7 (3%)

For the sections “disease characteristics” (esp. metastatic sites and symptoms),
“diagnostic imaging” and “treatment characteristics” multiple options per patient
are possible

Abbreviations: % Ga Gallium, BMI Body mass index, CT Computed tomography,
ENETS European neuroendocrine tumor society. G1 - G3 Grade 1 - Grade 3, GEP-
NET gastroenteropancreatic neuroendocrine tumor, MRI Magnetic resonance
imaging, PRRT Peptide receptor radionucleotide therapy, RFA Radiofrequency
ablation, SIRT Selective internal radiation therapy, SSA Somatostatin analogues,
TA(C)E Transarterial (chemo-) embolization, WHO World Health Organization

Patients with p-NET, NET of small intestine (s-NET)
and of unknown primary site were commonly diagnosed
in advanced stage and suffered significantly more from
distant metastases than patients with NET of other local-
izations (p <0.001) (Appendix A9).

Treatment characteristics

Two hundred forty-four patients underwent at least one
therapy line and all patients had been discussed at least
once at our MTB. In our study population a patient
received averagely 2.6 different treatment sequences
(range 1 to maximum of 13 therapies). The amount of
therapy sequences increased significantly with higher
stages (p<0.001) and higher grades (p=0.004) at first
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Fig. 1 Treatment sequences showed by Sankey diagram [41, 33, 34]. Notes: 12 patients without any documented treatment were excluded from
treatment pattern analysis. Lines ending without declarations of treatment represent patients who were not treated any further. Multiple treatment
options per patient are possible. Abbreviations: CTx, chemotherapy; ER, endoscopic resection; LDT, liver directed therapy (radiofrequency ablation
[RFA], selective internal radiation therapy [SIRT], transarterial [chemo-] embolization [TA(C)E]); mTOR, mTOR-inhibitors; PRRT, peptide receptor
radionucleotide therapy; RT, radiotherapy; SSA, somatostatin analogues; SX, surgery; TKI, tyrosine kinase inhibitor; WW, watchful waiting

diagnosis. A Sankey diagram (Fig. 1) shows different
treatment sequences. (Appendix A10).

Surgery was in general the most abundant therapy with
a total of 233 surgical operations in 172 (67%) patients
and by far the most performed first-line therapy. 53%
of all surgeries were reported as RO resected. Advanced
GEP-NETs underwent a higher number of surgical oper-
ations than patients with locoregional disease, while
these underwent surgery more frequently as a solitary
treatment.

30% of GEP-NETs underwent therapy with SSA, mostly
received during first-line setting (Appendix A11) [45, 46].

Relatively few patients received targeted therapies
like mTOR (Everolimus [9%]) or tyrosine kinase inhibi-
tors (Sunitinib, [3%]). These treatments were only used
in advanced disease, higher grading of G2 and mostly as
third-line or subsequent therapy.

PRRT for GEP-NETs has been commonly used in our
population. 22% patients were treated at least once with
PRRT. 44 (77%) of them suffered from distant disease at
time of first diagnosis (Appendix A12).

16% of patients were treated with chemotherapy, and
pancreatic NETs (p-NETs) as well NETs of unknown
origin received more often classical chemotherapy than
well-differentiated extra-pancreatic NETs in their medi-
cal history. 18 patients were treated more than once
with at least one of these agents (either CAPTEM, Car-
boplatin/Cisplatin and Etoposid or STZ plus 5-FU),
whereas 22% resulted in first- or second-line treatment.
CAPTEM was mostly used in G2 NETs. The combination
of Carbo- or Cisplatin with Etoposide was mostly given

in G3 NETs/NEC or as a subsequent treatment in G2
NETs. Chemotherapy with Streptozotocin/5-FU was only
implemented in G2 NETs.

Secondary endpoints and outcome

Median OS of all patients was 181 months (95% CI,
106 — 256 months). The OS curves differed significantly
between different sites of GEP-NET (p<0.001). The
longest median OS was observed in p-NET patients
(251 months; 95% CI, 104 — 399 months), the shortest
median OS in patients with NET of unknown primary
site (78.5 months; 95% CI, 1 — 156 months), (HR =0.40;
95% CI, 0.20 — 0.80; p=0.009).

The OS distributions also differed between stages
(p<0.001), ((Fig. 2) and grades. While in localized disease
(Stage 1I) the median OS was 144 months (95% CI, 116
— 172 months), in distant disease (Stage IV) we observed
a median OS of 109 months (95% CI, 77 — 142 months),
(HR=0.31; 95% CI, 0.12 — 0.79; p=0.0I). In G1 GEP-
NETs, median OS was 139 months (95% CI, 126 —
152 months), in moderately differentiated disease (G2)
we observed a median OS of 114 months (95% CI, 77 —
153 months), while in G3 GEP-NETs or -NECs median
OS was with 40 months (95% CI, 7 — 73 months) shorter
(G1 versus G3; HR=0.27; 95% CI, 0.13 — 0.54; p<0.001;
G2 versus G3; HR=0.45; 95% CI, 0.23 — 0.88; p=0.02)
(Appendix A13).

Median TTP of all patients was 84 months (95% CI,
52 — 116 months). TTP curves differed also between dif-
ferent sites of GEP-NET (log-rank test, p<0.001), with
an extended median TTP from p-NETs of 107 months
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(95% CI, 64 — 150 months), while for a NET of unknown
primary site resulted in the shortest median TTP of
34 months (95% CI, 0 — 73 months) was observed
(HR=0.33; 95% CI, 0.19 — 0.59; p< 0.001).

TTP differed between different grades and stages at
time of first diagnosis (both, log-rank test, p <0.001). We
observed a significantly longer median TTP for Stage III-
GEP-NETs with 109 months (95% CI, 72 — 146 months)
than for Stage IV-GEP-NETs of 23 months (95% CI, 14
— 31 months; HR=0.27; 95% CI, 0.17 — 0.44; p<0.001)
(Appendix A14).

Influence of treatments and their sequences to progression
free survival
Patients who underwent systemic treatment or were
treated with SSA showed negative outcome (shorter PFS)
after a following operative intervention (systemic treat-
ment; HR=3.44; 95% CI, 1.85 — 6.38; p<0.001; SSA;
HR=3.41; 95% CI, 2.09 — 5.56; p < 0.001).

SSA-related PFS was shorter if patients were addition-
ally treated with systemic treatment (HR=2.05; 95% CI,
1.12 — 3.78; p=0.02). PFS of PRRT was shorter if patients

underwent systemic treatment during time of disease
(HR=2.02; 95% CI, 1.02 — 4.01; p=0.04).

Patients undergoing non-surgical interventions like
radio-frequency ablation (RFA), selective internal radi-
otherapy (SIRT), radiotherapy or transarterial (chemo)-
embolization (TA(C)E) had a shorter PFS after systemic
treatments (HR =3.35; 95% CI, 1.27 — 8.84; p=10.02).

In Stage IV, we found a positive effect of PFS after
treatment with SSA (HR=0.45; 95% CI, 0.21 — 0.97;
p=0.04) and systemic treatment (HR, 0.51; 95% CI,
0.26 — 0.99; p=0.047) if patients underwent prior sur-
gery or endoscopic resection.

In G2 NETs, treatment with SSA showed a longer PFS
if patients were also treated with a non-surgical inter-
vention (RFA, SIRT, radiotherapy or TA(C)E), (HR,
0.33; 95% CI, 0.12 — 0.97; p=0.04). On the other hand,
in G1 NETs we found shorter PFS of patients undergo-
ing this treatment sequence (HR, 3.52; 95% CI, 1.05 —
11.8; p=0.04).

In patients with G1 and G2 NETs, shorter PES after
operative interventions was shown, if patients were
treated with prior PRRT (G1 NETs; HR =3.06; 95% CI,
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1.19 - 7.87; p=0.02; G2 NETs; HR=3.12; 95% CI, 1.17
—8.29; p=0.02).

Discussion

In this real-life study at an ENETS CoE, we succeeded in
evaluating efficacy of treatment (PFS) according to pri-
mary site, stage and grade of tumor [3, 47]. To the best
of our knowledge, this is the first analysis in this field
with focus on long treatment sequences of GEP-NETSs
as well as on subanalyses of different types of GEP-NETs
and multi-sequence treatments. There have been other
studies that also focused on treatment patterns in GEP-
NETs, but rather on fewer treatments and did not dif-
fer between various stages, grades or sites of neoplasm,
which is relevant for daily clinical practice [39, 48].

Most studies exploring this rare and heterogene-
ous tumors are placebo-controlled intervention studies
exploring a single treatment. The comparison of differ-
ent treatment options in this real-life population study
therefore is a valuable addition and helps clinical decision
making [27, 32, 49] (Appendix A15).

In our data collection, most patients were of normal
weight or overweight. There are studies, which have
observed that medications (mMTOR-Inhibitors or PRRT)
are not ideally calculated according to BMI [50-52].

Frequency and survival rates of different primary
sites differed remarkably compared to well-known
prevalence and outcome of GEP-NETs [6]. In our
cohort, rectal NETs (4%) and NETs of colon (3%) are
underrepresented in comparison to generally known
epidemiological data in US population (26 — 34% rec-
tum, 16 — 18% colon), whereas pancreatic NETs with
35% are overrepresented (12% in US population) [8, 53,
54]. One of the reasons might be, that our data was col-
lected in a ENETS CoE, respectively a tertiary hospital
(Appendix A16).

Against expectations, the longest median OS of our
population was seen in p-NET patients (Fig. 3), even
though p-NET patients were overrepresented in the
reported NET-related deaths. One possible explana-
tion, why p-NETs in our study achieved a much better
outcome than other primary sites might be the higher
presentation in localized stages in comparison to other
sites (31% versus 18% in rectal NET), (Table B1) [6]
(Appendix A17) [3, 11, 24, 55].

Our analysis used pathologic reports before the
updated WHO 2017 classification, whereas separation
of G3 NET and G3 NEC was not made as well we could
not translate our data to the updated WHO 2019 clas-
sification [13]. Plus, no additional pathologic features
on high grade GEP-NEN and GEP-NEC, which have
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nowadays an impact for systemic treatment choices as
Platinum and Etoposide or CAPTEM based regimens
were available and as represented now in the updated
ESMO 2020 guidelines [17, 56].

Our study showed more surgical interventions in
advanced setting than in localized disease in contrary
to our expectation. The overrepresentation of surgical
interventions in this subgroup is most probably based
on metastatic resection, liver surgery combined with
liver directed therapy (SIRT, RFA, TA(C)E) or urgent
surgery, since advanced disease commonly makes local
complications like intestinal obstruction or bleed-
ing. However, we were able to demonstrate a benefit
of treatment-adjusted PFS (especially for SSA and sys-
temic therapies) in Stage IV if patients underwent prior
surgical intervention, against expectations and in con-
trast to other literature [55] (Appendix A18), (Appen-
dix A19), (Appendix A20) [3, 11, 25, 39, 55, 57, 58].

On the contrary, in highly selected cases the choice
for the right timing of liver surgery in oligometastatic
GEP-NETs improves survival and the liver-directed
strategy should be discussed among an expert team in
NET and liver surgery, mostly placed at ENETS CoE
[26, 59, 60]. In advanced disease, we investigated a ben-
efit of PES after treatment with SSA and systemic treat-
ment, if patients underwent prior surgery or endoscopic
resection. Patients with initial operative treatment in
distant disease underwent probably a cytoreductive
treatment or were generally in a high performance sta-
tus before undergoing surgical interventions, which
concludes in longer PES after subsequent treatments.

Page 8 of 12

These results are very encouraging for the role of sur-
gery in advanced GEP-NET and should be evaluated in
future clinical trials.

In G2 NETs, treatment with SSA showed longer PES if
patients were also treated with a non-surgical interven-
tion (RFA, SIRT, Radiotherapy or TA(C)E).

In our study, G1 and G2 NETs showed shorter PFS
after surgical interventions if they were treated with prior
PRRT. But independently from surgical interventions,
PRRT may affect outcome in a positive way if using it in
an early phase of treatment sequence. This is currently
investigated in clinical trials [61, 62].

Given the character of this retrospective study with
multiple potential biases, care must be taken to apply
these results for clinical practice [63].

According to the findings based on our results, we sug-
gest following treatment algorithm (Fig. 4) for advanced
GEP-NETs [3, 11, 24, 55, 57]. Interestingly, our recom-
mendation in Fig. 4 for our patient collective of a period
from 2012-2016 is in line with the recent recommenda-
tion by ESMO and NCCN for GEP-NETs [17, 31]. Again,
predictive biomarkers for GEP-NETs are quite limited
and remain still to origin of the primary, grading and
SSTR2 positivity. For sure, whole genome sequencing,
as the study by Scarpa et al. revealed highly interesting
data for pancreatic NET for diagnosis and mostly for pre-
diction. Some analysis even directed to the prediction of
mTOR pathway or MGMT status in favour for CAPTEM.
But this has to be proven within clinical trial and these
biomarkers have been again highly discussed among the
annual ENETS conference in 2022 [64, 65].

ducti
W o Stage Il and IV
» +/- RFA
g
1st line 2nd line 3rd line 4th line
>80% of tumor Everolimus/ .
burd table [ |} PRRT || fremee || Temozolomide +
NIRRT G1 SSA +I- SSA Sunitinib Capecitabine
+/- SSA
2
Everolimus/ Streptozotocin + ’ Carboplatin/
G2 Sunitinib ~ }—| 5-FU —{ Temozolomide + | | Cisplatin +
+/- SSA +/- PRRT +/- PRRT P Etoposide
Temozolomide + Carboplatin/
G3 Capecitabine | Cisplatin +
+/- PRRT Etoposide
Carboplatin/ Oxaliplatin-/
NEC Cisplatin + [ Irinotecan-/
Etoposide 5-FU-based

Fig. 4 Flow chart shows suggested treatment algorithm for advanced GEP-NETSs (Stage Il and IV, ENETS) according to the finding in our study
and recommendations of other studies [3, 11, 24, 35, 40]. Abbreviations: 5-FU, 5-Fluorouracil, ENETS, European Neuroendocrine Tumor Society;
G1-G3, grade 1 - grade 3; GEP-NETSs, gastroenteropancreatic neuroendocrine tumor; NEC, neuroendocrine carcinoma; PRRT, peptide receptor
radionucleotide therapy; RFA, radiofrequency ablation; SSA, somatostatin analogues
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A demanding and unmet need will be to characterize
patients in the planned course of systemic treatment
by chemotherapy, for example the CAPTEM combina-
tion [66, 67]. Therefore, options either to treat by fixed
courses or continuous treatment until progression are
possible. However, our study was underpowered in
numbers and subtypes of GEP-NET to give an insight
within our patient population to this dedicated and
demanding field. This should be focused on upcoming
clinical trials.

Another fact to this treatment scenarios compared
to the latest guidelines still is the lack of new treatment
options within the last years. Promising results of the
DUNE trial for G3 NET and NEC reflected a trend
in survival for the checkpoint blockade combination
durvalumab and tremilimumab and new TKI as suru-
fatinib in the SANET and SANET-p trial demonstrated
significant improvements in GEP-NETs with advanced
staged. But these therapies did not receive an EMA or
SwissMedic approvement so far [68-70].

Strength and limitation of the study

Although USZ was at the time of study analysis the
only certified ENETS CoE in Switzerland, the cohort
of this study contains of a relatively small study popu-
lation that induces limited explanatory power in sta-
tistical analyses. Nevertheless, in the present study a
great overview of all patients’ disease and treatment
characteristics, as well as survival rates at our center
over the last years was shown. Due to this, it is now
possible to compare this data collection of GEP-NETs
at USZ with those of other international ENETS CoE
within the planned registry of the ENETS group in the
future.

The main limitation of this study is the retrospec-
tive nature, especially regarding the comparison of
PFS after different treatments [63]. Further, data of
our patients was collected within clinical routine,
which may cause additional biases and delimitates the
explanatory power of our results.

Thus, we lack of information for all completed treat-
ment lines or transformation into higher grade in
progression of disease, which resulted in an incom-
plete statement about treatment-decisions in our
population.

A detailed statement of further minor limitation is
placed at the appendix of study (Appendix A21) [3, 11, 58].

Based on our data, the best survival for a spe-
cific treatment sequence cannot be defined, since
an insufficient number of patients received identical
treatment sequences in this relatively small cohort.
Above-noted treatment algorithm has been matched
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with recommendations of other studies [3, 11, 24, 55,
57] (Appendix A22) [11, 57, 58].

Conclusions
Treatment with SSA is still the primary choice of first-
line therapy in well-differentiated GEP-NETs (G1).
PRRT gained importance as an alternative or combi-
nation option to other treatments in low (G1) or inter-
mediate grade (G2) GEP-NETs and may affect outcome
in a positive way if using it in an early phase of treat-
ment sequence [61, 71]. Inhibitors of mTOR or tyrosine
kinase (in this cohort everolimus or sunitinib) alone or
in combination with SSA are considered the best third-
line treatment in G1 NETs or in first-line therapy in G2
NETs, also in combination with PRRT. Despite all these
emerging treatments, we are still reliant upon systemic
and cytostatic chemotherapy for treating high-grade
GEP-NETs (G3 or -NECs).

With this study we expect to build a platform for
future investigation and for developing future prospec-

tive and randomized studies of treatment sequences for
GEP-NETs.
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