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Abstract

Objective: Although neuroendocrine neoplasm (NEN) is considered to be rare, the incidence rate of
gastroenteropancreatic NENs (GEP-NENs) has increased recently, based on the United States’ Surveillance,
Epidemiology, and End Results (SEER) and epidemiological data from Japan. However, for the internal organs,
incidence rates of pancreatic NENs (PanNENs) and hindgut-derived NENs were higher in Japan, while that of
midgut-derived NENs was lower, suggesting differences in patient backgrounds between Japan and overseas.
Because of differences in patient backgrounds between Japan and overseas, no previous observational studies on
the prognosis of advanced GEP-NENs exist in Japan. Therefore, the present study aimed to clarify the actual status
of advanced GEP-NENs in Japan by surveying the prognosis of NEN patients diagnosed with curative unresectable
disease or recurrent disease following curative resection.

Methods: This was a multicenter observational study of a historical cohort that would investigate the prognosis of
GEP-NEN patients diagnosed with unresectable disease or having recurrent disease after curative resection based
on imaging results (PROP-UP 1). At enrolment, demographics values, baseline values and survival event
information are electronic case report form via a web-based, and after enrollment, the patient is observed
prospectively. The primary endpoint of this study was overall survival starting from the day of diagnosis as curatively
unresectable or recurrence after curative resection, while the secondary endpoint was progression-free survival
starting from the day of diagnosis as curatively unresectable or recurrence after curative resection.
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Discussion: The PROP-UP 1 study is the first observational study to clarify the actual status of advanced GEP-
NENs in Japan. The results of this study will provide beneficial information on the improvement of the therapeutic
strategy for GEP-NENs.

Keywords: Observational study; Gastroenteropancreatic
neuroendocrine neoplasm; Japan

Introduction
Neuroendocrine neoplasm (NEN) is a generic term for tumors

derived from neuroendocrine cells that occur in organs throughout the
body. Although NEN has been regarded as rare, the incidence rate has
increased 6.4-fold in recent years, from an incidence rate of
1.09/100,000 in 1973 to 6.98/100,000 in 2012, based on the United
States’ Surveillance, Epidemiology, and End Results (SEER) [1]. In
particular, the incidence rate of gastroenteropancreatic
neuroendocrine neoplasms (GEP-NENs) was reported to be
3.56/100,000 [1]. Epidemiological data for 2005 and 2010 have also
shown increasing trends for Japan, with the incidence rate of
pancreatic neuroendocrine neoplasm (PanNEN) increasing from
1.01/100,000 in 2005 to 1.27/100,000 in 2010, while that of
gastrointestinal neuroendocrine neoplasms (GI-NEN) increased from
2.10/100,000 in 2005 to 3.51/100,000 in 2010 [2,3]. Increased
awareness of the disease concept and improved diagnostic techniques
are considered to be factors underlying these increases [4-6].

However, in terms of the internal organs, SEER reports have
described incidence rates for PanNEN, midgut-derived NEN, and
hindgut-derived NEN of 0.32/100,000, 0.98/100,000 and 1.06/100,000
in the United States [7], while the incidences in Japan were
1.27/100,000, 0.15/100,000 and 2.12/100,000 respectively [3]. Thus,
incidence rates of PanNEN and hindgut-derived NEN were higher in
Japan while those of midgut-derived NEN were lower, suggesting
differences in patient backgrounds between Japan and overseas [3,7].
To identify differences between patients in Japan and overseas, the
patient’s background and the results of subgroup analysis regarding
progression-free survival (PFS) in the RADIANT 3 trial targeting
unresectable, advanced pancreatic neuroendocrine tumor (NET)
(which showed a hazard ratio of 0.29 (0.14–0.56) in Asians) were
reported to be useful [8]. Moreover, even in a phase III randomized
trial of sunitinib to target unresectable, advanced PanNET, subgroup
analysis of PFS showed a hazard ratio of 0.35 (0.18–0.70) for non-
whites, including Asians [9]. These results indicate that both drugs
showed a high response rate in Asians. Even in Japan, the effects of
everolimus in the RADIANT 3 trial were shown to differ because the
median PFS in the Japanese patient group was 19.45 months and the
risk-reduction rate for tumor growth was 81% compared with a
median a PFS of 11.0 months overall and a 65% risk-reduction rate for
tumor growth [10]. Additionally, the response rate was 9.3% in a phase
III randomized trial of sunitinib and the median PFS was 11.4 months,
whereas a similar patient group in a Japanese Phase II study showed a
response rate of 50.0% and a PFS rate of 71% at 12 months [9,11].
These studies suggested a difference in response rates between
Japanese and other populations.

Additionally, the World Health Organization (WHO) 2010
classification, based on the Ki-67 index (%), classified the degree of
malignancy as Grade 1 (G1), Grade 2 (G2), and neuroendocrine
carcinoma (NEC), and the prognosis worsens as the proliferative
capacity of G1, G2, and NEC increases [12-14]. However, others have
reported that, as a cut off value for G1 and G2, 5% correlates better

with prognosis than 3%, which is stated in the WHO 2010
classification [15,16]. Thus, some researchers have suggested that the
cut off value for Ki-67 index (%) in the current grading method should
be re-examined, and the current grading method may not be optimal
for Japanese populations.

Thus, the present study aimed to clarify the actual status of
advanced GEP-NEN in Japan by surveying the prognosis of NEN
patients diagnosed with curative unresectable disease or recurrent
disease following curative resection. This study was designed with the
aim of providing a cornerstone for further improvements in the
prognosis of patients with advanced NEN. Because this is the first
survey in Japan that evaluates the life prognosis of patients with
advanced NEN, it is unclear whether the findings will resemble results
presented to date from overseas investigations. We, therefore, decided
that we would collect data on life prognosis for this study to plot
survival curves for each Grade and examine whether WHO
classifications reflect the actual status of life prognosis for NEN in
Japan. If they do not, we plan to set new cut off values for the Ki-67
index. Therefore, through this historical cohort study (PROP-UP 1),
we will estimate cut off values for G1/G2 classifications based on the
Ki-67 index. Additionally, molecular biological differences between
well-differentiated neuroendocrine tumors (WDNETs) and poorly
differentiated neuroendocrine carcinomas (PDNECs) have been
revealed, suggesting that these diseases may have different origins.
Differences in the incidences of abnormal RB1, TP53, BCL2, and
DAXX/ATRX gene expression between WDNETs and PDNECs have
also been reported, supporting the hypothesis of different origins for
these types of cancer [17]. NEC, as defined by the WHO 2010
classification, includes diseases that have the same disease concept as a
disease group that is similar to WDNETs (NET-G3), which have high
cell-proliferative capacities, and to PDNECs (NEC-G3) [18]. These
diseases show molecular biological differences, such as differences in
the frequency of RB expression and the presence or absence of KRAS
mutation [19]. NET-G3 has also been shown to have a difficult
pathology, because it does not respond to platinum, nor does PDNEC
[20]. Thus, in this PROP-UP study, we analyzed the NEC category in
the WHO 2010 classification by dividing it into histologically well-
differentiated and poorly differentiated disease groups.

Methods and Analysis

Study design
The PROP-UP 1 study is designed to survey NEN patients

diagnosed with curatively unresectable disease or recurrent disease
following curative resection, with the objective of elucidating the actual
status of advanced NEN in Japan.

At enrolment, demographics values, baseline values and survival
event information are electronic case report form (e-CRF) via a web-
based, and after enrolment the patient is observed prospectively. Thus,
this study is a multicenter observational study of a historical cohort
that will investigate the prognosis of GEP-NEN patients diagnosed
with unresectable disease or having recurrent disease after curative
resection based on imaging results.
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The study data center which performs data management and
statistical analyses for the observed clinical data of registered patients
is the Translational Research Center for Medical Innovation (TRI)
Data Center. The study data center provided e-CRF via a web-based.

Ethics and registration
This study will be performed in accordance with the Declaration of

Helsinki and the ethics guidelines of the Ministry of Health, Labour
and Welfare for medical research on human subjects. Each facility
participating in this study will conduct this research after obtaining
approval from its ethics review board. This study has been registered
with the University Hospital Medical Information Network (UMIN)
Clinical Trials Registry (UMIN000015976).

Enrolment
From January 2012 until the date that ethics approval was obtained

at each facility, enrolment was conducted for patients with GEP-NEN
diagnosed with curatively unresectable disease or recurrent disease
after curative resection. All patients met the study entry criteria
described below.

Eligibility criteria for inclusion: Inclusion criteria for this study were
as follows: 1) Histological diagnosis of NET G1/G2, NEC or mixed
adenoendocrine carcinoma (MANEC); 2) Diagnosis of curatively
unresectable or recurrent disease after curative resection from January
2012 until the date that ethics approval was obtained at each facility; 3)
Primary tumor site was either the pancreas or the gastrointestinal tract;
4) Age ≤ 80 years at the time informed consent was obtained; 5)

Informed consent to participate in the study obtained from the patient
or from a representative, such as an individual with parental authority
over the patient or a person who was able to speak on behalf of the
patient’s intention and in the interest of the patient, in cases where the
patient was ≤ 20 years old.

Eligibility criteria for exclusion: Exclusion criteria for this study
were as follows: 1) Patients treated for NEN within 1 year before
diagnosis of curatively unrespectable disease or with recurrence after
curative resection (however, patients will be excluded if they undergo
curative resection, or receive pre- or postoperative adjuvant therapy);
2) Patients with double-cancers (synchronous); 3) In recurrent cases
after curative resection, patients who could undergo radical resection;
4) Patients who had already been registered to the study at another
medical institution; and 5) The physician-in-charge determined that
participation in this study was inappropriate for any other reason.

Study period and schedule
The patient enrolment period was 2 years, from January 1, 2014

through December 31, 2015. The observation end-date will be
December 31, 2018 (3 years from the end of case registration). It is
assumed that the observation period for this study will be extended to
December 31, 2021.

At enrolment, patient’ data included demographics values, baseline
values and survival event information are recorded in e-CRF.
Following enrolment, prospectively, annual data will be collected once
each year, on December 31, until the observation end-date (Table 1).

Item At diagnosis of unresectable/
recurrent disease

At enrolment At time of scheduled reporting

2016 2017 2018 2019 2020 2021

Patient background
characteristics

○

Anamnesis/complications ○

Disease information ○

Histopathological diagnosis ○

Overall condition ○ ○ ○ ○ ○ ○ ○ ○

Information at onset (only for
patients with recurrence after
curative resection)

○

Treatment information for NEN ○ ○ ○ ○ ○ ○ ○

Outcome ○ ○ ○ ○ ○ ○

Exacerbation of NEN ○ ○ ○ ○ ○ ○ ○

*It is assumed that the observation period of this study will be extended to December 31, 2021. NEN, neuroendocrine neoplasm○To be performed, checked, or
observed

Table 1: Schedule for observation, testing and reporting

Endpoints
The primary endpoint of this study is overall survival (OS) starting

from the day of diagnosis as curatively unresectable or recurrence after
curative resection, while the secondary endpoint is the PFS starting
from the day of diagnosis as curatively unrespectable or recurrence

after curative resection. As an important stratification item, the Ki-67
index (%) will be stratified according to the WHO classification (G1, ≤
2%; G2, 3 to 20%; NEC, >20%). Stratification will then be performed
using 2%, 5%, 10%, or any other arbitrary value as cut off values for
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G1/G2, and analysis will be performed to determine the cut off value
that is most appropriate for predicting prognosis of NET patients.

Sample size
A 2010 epidemiological survey reported 355 patients treated

annually for unrespectable PanNET and 265 patients treated annually
for GI-NET, for a total of 620 new patients during the year [21].
Because this study uses retrospective enrolment during 2 years, about
1/12th of the number of patients treated per year are estimated to be
enrolled. Thus for this study, the target number of enrolled patients
was set at 100. When the 5-year survival rate for NET patients is
estimated 27%, the 100 patient’s cohort can be observed 57-89 death
case with over 95% probability. This is the number of patient cases for
which it is possible to analyze factors related to event occurrence.

Statistical analysis
Based on the WHO 2010 classification, enrolled patients will be

divided into three groups, and for OS and PFS the cumulative survival
curve using the Kaplan–Meier method, event incidence rate (per
person year), and the 95% confidence interval based on a Poisson
distribution are estimated. We will also perform analysis using G1/G2
cut off value combinations ≤ 5% for G1 and 6-20% for G2, and ≤ 10%
for G1 and 11-20% for G2.

We will apply the proportional hazard model including the Ki-67
index, demographic variables and baseline variables as covariates to
examine factors affecting survival. Summary statistics for the Ki-67
index classification stratified by these covariates will also be calculated,
and uniformity will be examined by analysis of variance. On non-NEC
patients with a Ki-67 index <20%, time-dependent receiver operating
characteristic (ROC) curves with censored survival time data will be
created by gradually increasing the cut off for G1/G2 from lowest to
highest value. ROC curves will be created with both using an
unadjusted hazard ratio and an adjusted hazard ratio, which includes
as covariates the factors that are considered to be strongly related to
prognosis and that are independent of the Ki-67 index (%). Based on
these results, we will estimate the G1/G2 cut off for the Ki-67 index.
Next, using these estimated G1/G2 cut off values, patients will be
divided into three groups (G1, G2, or NEC) and the cumulative
survival curves using the Kaplan–Meier method, event incidence rate,
and 95% confidence intervals will be estimated.

Additionally, patients will be stratified by primary site (i.e., pancreas
or digestive tract) and divided into three groups (G1, G2, or NEC)
based on the estimated G1/G2 cut off value above method. Cumulative
survival curves using the Kaplan–Meier method, event incidence rate,
and 95% confidence intervals will then be estimated. Similar stratified
analyses will be also performed for cut off value based on the WHO
2010 classification.

Discussion
The ongoing PROP–UP Study consists of the PROP–UP 1 Study and

the prospective PROP–UP 2 Study. The PROP–UP 1 Study is a
historical cohort study investigating the life prognosis of patients with
NEN in the gastroenteropancreatic area and who are diagnosed as
curatively unresectable or as having recurrence after curative resection.
Differences such as patient background and effects of
pharmacotherapy have been clarified for NEN patients between Japan
and the West. However, in Japan, no observational studies have
reported on the life prognosis and similar results for advanced NEN

patients, and the actual life prognosis status with this disease is not well
understood. The present study aims to elucidate that status and also to
investigate whether the grading system proposed by the WHO is
appropriate for Japanese populations. Additionally, we intend to clarify
the optimal Ki-67-based grades to use with Japanese patients. In the
2017 WHO classification, the NEC category from the WHO 2010
classification has been reclassified histologically into well-
differentiated tumors and poorly differentiated tumors. The well-
differentiated type has been revised to NET G3, while the poorly
differentiated type has been changed to NEC G3. In the PROP–UP 1
Study, the NEC category in the WHO 2010 classification will be
histologically classified as well-differentiated tumors (NET G3) and
poorly differentiated tumors (NEC G3), and then examined. This will
be the first report of a prognostic survey conducted that is consistent
with NET G3 and NEC G3, as defined in the WHO 2017 classification,
and the findings should be useful. Finally, to verify the results of
PROP-UP 1, we have planned the PROP-UP 2 study, which is
multicenter observational study that will investigate the prognosis of a
GEP-NEN patients diagnosed as unresectable or with recurrent disease
after curative resection based on imaging results (Figure 1).

Figure 1: Study concept for the PROP-UP study. GEP-NENs,
gastroenteropancreatic neuroendocrine neoplasms; G1, grade 1; G2,
grade 2
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