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Abstract

Background Neuroendocrine neoplasm (NEN) is a comparatively rare tumor that has been considered indolent. Due to
these characteristics, detailed epidemiological data have not been analyzed in Japan. To elucidate the present status of NEN
diagnosis and treatment in Japan, we started a registry cohort study in January 2015.

Methods Patients pathologically diagnosed with NENSs of the pancreas, gastrointestinal tract, lungs, bronchi, or thymus after
January 2012 were enrolled in this registry after the date of ethics review committee approval in each hospital or institute.
Follow-up was continued for enrolled patients.

Results During 5 years of enrollment between January 2015 and December 2019, a total of 1526 participants from 63 depart-
ments were enrolled in this registry (mean, 305.2 participants/year), covering approximately 5.8% of the annual incidence
of NENs in Japan. For pancreatic NEN, 41.9% of patients had metastasis and the dominant metastatic site was the liver, at
twice the rate of lymph node metastasis in the current registry. In contrast, the frequency of lymph node metastasis from
gastrointestinal (GI)-NEN was similar to that of the liver. The distribution of WHO 2019-based grades varied according to
the primary site. Low-to-intermediate grade (G1-G2) was dominant for duodenal, jejunal/ileal, rectal, and pancreatic NENSs,
whereas high grade (G3 or NEC) was dominant for esophageal, stomach, and colon NENs. For PanNENs, G3 and NEC
accounted only for 1.6% and 2.9%, respectively.

Conclusions These cohort data provide crucial information for clinical research to clarify the characteristics of NENs in
Japan.
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Introduction with gastroenteropancreatic NEN (GEP-NEN) has been

increasing; the annual incidence rose from 1.09/100,000

Neuroendocrine neoplasm (NEN) was defined by the World
Health Organization (WHO) in 2000 as a tumor displaying
positive immunostaining for chromogranin A or synaptophy-
sin and specific histological features. Because of the rarity
of this pathology, relatively little data have been accumu-
lated, including prevalence or incidence, especially in Japan.
According to Surveillance, Epidemiology, and End Results
(SEER) from the United States, the number of patients
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population in 1973 to 5.25/100,000 population in 2004 [1].
This growth in incidence is partially due to improvements
in disease recognition and diagnostic techniques [2]. In
Japan, the annual incidences of pancreatic NEN (PanNEN)
and GEP-NEN were 3.11/100,000 population in 2005 and
6.35/100,000 population, respectively, in 2010 according to
a questionnaire-based survey [3, 4]. A recent population-
based study reported that the annual incidence of GEP-NEN
was 3.56/100,000 population in 2016 in Japan [5]. Although
such studies provide valuable information for conducting
medical practice, more detailed data are necessary to answer
various clinical questions. Moreover, several differences in
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patient characteristics have been reported between Western
countries and Japan. For example, about 30% of GEP-NEN
patients in the United States registered in the SEER database
have tumors in the ileum [1], compared to only around 1%
of GEP-NEN patients in Japan [S]. More precise analyses
using registry-based data are necessary to clarify these char-
acteristics for GEP-NEN patients in Japan.

On the other hand, bronchopulmonary neuroendocrine
tumors (BP-NETs) comprise malignant carcinomas such as
large-cell neuroendocrine carcinoma (LCNEC) and small
cell lung cancer (SCLC), and typical and atypical carcinoid.
Such tumors form a pathologically and clinically hetero-
geneous group [6]. According to statistics from the Japan
Surgical Society in a study of surgical cases in Japan, car-
cinoid was present in 198 patients (0.6%), LCNEC in 492
patients (1.4%), and SCLC in 581 patients (1.7%) among
34,228 primary lung cancer patients in 2011 [7]. LCNEC
has conventionally been handled as a large-cell lung cancer
with a pathology differing from that of SCLC [8]. LCNEC
is a challenging tumor with a poor prognosis related to the
difficulty of preoperative diagnosis.

Thymic NET is an exceedingly rare cancer, with the
incidence of 0.02/100,000 population annually in the SEER
report [9]. According to the Japan Surgical Society statistics
from the same study of surgical cases in Japan, thymic NET
was seen in only 41 patients (0.9% of 4463 thymic tumors)
[7]. The clinicopathological characteristics of LCNEC and
thymic NEC in Japan remain poorly understood, so detailed
analysis of data for these pathological entities is needed.

With these backgrounds, we established a registry-based
survey of patients with NENs of the pancreas, gastrointes-
tinal tract, lungs, bronchi, or thymus in Japan to explore the
status quo of clinical outcomes for NENs and to analyze the
resulting data with the aim of contributing to future guide-
lines for the diagnosis and/or treatment of these entities in
Japan.

Patients and methods

This registry is a large multi-institutional prospective cohort
study to clarify the actual tumor distribution and clinico-
pathological status in patients with NENs in Japan. Recruit-
ment for this registry began in January 2015 and is planned
to continue until November 2024. Details of the study design
and protocol have been described elsewhere [10].

This study was funded by the Japan NeuroEndocrine
Tumor Society (JNETS; Kyoto, Japan). The ethics review
committee of Kyoto University Hospital, the Transla-
tional Research Informatics Center (TRI) of the Founda-
tion for Biochemical Research and Innovation (Kobe,
Japan) and the individual institutional review boards of all

participating facilities approved this study (trial registration:
UMINO000016380).

Inclusion criteria

1. Patients histologically or pathologically diagnosed with
NENSs of the pancreas, gastrointestinal tract, lungs, bron-
chi, or thymus after 1 January 2012 who continued fol-
low-up after the date of approval from the ethics review
committee of the respective hospital or institute;

2. For GEP-NEN:S, patients pathologically diagnosed with
NET G1/G2, NEC or mixed adenoendocrine carcinoma
according to the 2010 WHO criteria [11];

3. For BP-NETs, patients pathologically diagnosed with
Typical Carcinoid (TC), Atypical Carcinoid (AC), or
LCNEC according to the 2004 WHO criteria [12];

4. For thymic NETs, all participants confirmed histologi-
cally or pathologically;

5. Confirmation of written informed consent from the par-
ticipant (or, if the patient was <20 years old, consent
from a substitute person [an individual considered able
to express the intentions and interests of the patient,
such as a parental authority or legal representative of
the patient]).

Exclusion criteria

1. Patients diagnosed with SCLC,

2. Patients already registered to this study through another
hospital or institution, or

3. Patients assessed as inappropriate for this research due
to other reasons.

Data collection

We collect information on baseline characteristics, clini-
cal assessment including primary lesion, metastatic lesion,
clinical TNM classification (European Neuroendocrine Soci-
ety (ENETS) and Union for International Cancer Control/
American Joint Committee on Cancer (UICC/AJCC)) and
laboratory test results at diagnosis, and pathological find-
ings including pathological TNM classification (ENETS and
UICC/AJCC). Pathological findings are evaluated by local
pathologists at each institution. Clinical stage is assessed
using ENETS [13] and UICC/AJCC TNM Classification of
Malignant Tumors (6th edition) [14].

Additional data on treatment and outcome surveillance
have been collected since 2019 according to the revised pro-
tocol [10], providing additional baseline characteristics and
outcome measurements for surgical or endoscopic resection,
resection of liver metastases, adjuvant therapy, systemic
therapy, locoregional therapy, and outcome surveillance
including survival, progression, and recurrence.
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Clinical data are obtained from medical charts by regis-
tered investigators at each participating institute and entered
from a website prepared by the data center at the TRI.

Statistical analyses

Data on outcomes are collected, including treatment infor-
mation, clinical relapse and survival. Overall and disease-
free survivals will be analyzed using Kaplan—-Meier meth-
ods, and the prognostic impact of clinicopathological
baseline factors on participant survival will be analyzed.

Results
Participant enroliment

During the 5 years of enrollment between January 2015 and
December 2019, a total 1526 participants from 63 depart-
ments were enrolled in this registry (mean 305.2 partici-
pants/year) (Fig. 1). This registry is considered to cover
approximately 5.8% of annual incidences of NENs in Japan,
based on the Japanese National Cancer Registry-based inci-
dence [5]. In 2016, a total of 248 patients were enrolled
in this study. Individually, about 10.5% of pancreas NENs
and 3.8% of GI-NENS, including 1.9% of rectal NENs, were
registered in 2016.

The number of participants enrolled through each institu-
tion ranged from 1 to 166 in this cohort. The 34 departments
that registered more than 10 cases comprised 11 departments
specialized in hepatobiliary pancreatic diseases, 2 in the
gastrointestinal tract, 11 in general digestive organs, 2 in
pulmonary bronchial disease, and 8 in medical oncology.

Fig. 1 Total and monthly num-
ber of enrolled participants

Baseline characteristics of participants are described in
Table 1. Median age at registration was 62 years (range
0-92 years). Females accounted for 46.9% of patients. Of
note, the time of registration was not always consistent with
the time of initial diagnosis; for participants diagnosed
before 2015, when the registry initiated, the time of regis-
tration was several years after initial diagnosis. The median
time from initial diagnosis to registration was 383 days
(range 0-7464 days). Median age at initial diagnosis was
60 years (range 0—88 years). Most participants had perfor-
mance status of 0 (68.7%) or 1 (11.0%).

Functionality and symptoms

Since this registry is ongoing, several types of data for each
participant have yet to be fully inputted. Of the 1526 par-
ticipants, disease characteristics were available for 1242
participants. Most participants had non-functional tumors
(n=1076; 86.6%), whereas 141 (11.4%) had functional
tumors (Table 2). Insulinoma was the most common of the
functional tumors (n=68; 5.5%), followed by gastrinoma,
glucagonoma, and VIPoma. Familial NENs, including
multiple endocrine neoplasia type 1 (MEN1) and Von Hip-
pel-Lindau (VHL), accounted for 4.3% of enrollments in
this registry, similar to the rate reported for 2005, at 4.3%
among PanNENSs [3]. Hormonal or abdominal symptoms
were present at the time of registration in 358 participants
(28.8%).

Primary sites and metastases

Of the 1526 participants, clinical diagnosis of the primary
site was available from the registry database for 1214
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Table 1 General information on participants in the NET registry enrolled from January 2015 to December 2019 (n=1526)
Variables N (%)
General information
Gender
Male 810 (53.1)
Female 716 (46.9)
Age at registration All M? F°
Median 62 64 60
Range 12-92 12-92 17-91
Mean 60.1 61.6 58.5
SD 13.3 12.9 13.5
Initial diagnosis
Before 2010 58 (3.8)
2011 24 (1.6)
2012 98 (6.4)
2013 167 (10.9)
2014 223 (14.6)
2015 240 (15.7)
2016 246 (16.1)
2017 194 (12.7)
2018 146 (9.6)
2019 119 (7.8)
Unknown 11 (0.7)
Age of initial diagnosis
Reported 1511 (99.0)
Median 60
Range 0-88
Mean 58.1
SD 13.6
Unknown date of birth 4(0.3)
Unknown date of initial diagnosis 11 (0.7)
Time from initial diagnosis to registration
Reported 1515 (99.3)
Median (days) 383
Range (days) 0-7464
Mean (days) 710.4
Unknown date of initial diagnosis 11 (0.7)
PS¢
0 1048 (68.7)
1 168 (11)
2 17 (1.1)
3 7(0.5)
4 2(0.1)
Not reported 284 (18.6)

an = 809, the dates of birth of the participant is unclear and is being inquired.

®n =713, the dates of birth of the three participants are unclear and are being inquired.

“Proposed by Cooperative Oncology Group (ECOG)
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Table2 General information on participants in the NET registry 4
enrolled from January 2015 to December 2019 (n=1242) g
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Variables N (%)
General information E
w O O OO0 O o o o o oo
Function/non-functional
Functional 141 (11.4) =
Insulinoma 68 (5.5) =
[as] SO O O O O o o o o ao
Gastrinoma 46 (3.7)
Glucagonoma 14 (1.1) °
VIPoma 6 (0.5) g m
m S N O —= O = 1n AN Ao
Others 9(0.7)
Non-functional 1076 (86.6) 8
Unknown 25 (2.0) = g
Gender Ef|lc—~ococooco~vo—~o
Familial 54 (4.3)
MENI 43 (3.5) 5 -
= <o le)) o on
VHL 10 (0.8) - n <t = 0O n AN N ®
TS 1(0.1) &
NFI1 0(0.0) g
Others 0 (0.0) g8
Sporadic 1146 (92.3) E BE8|lec e cc o omo o
Unknown 42 (3.4) in
Symptoms s 3
[=))
Symptomatic 358 (28.8) s §
Hypoglycemia 65 (5.2) E £ O~ o0 o000 —~Aa—~ o O
Diarrhea 31(2.5) g g
o0
Peptic ulcer 38 (3.1) g 8 8
Diabetes mellitus 66 (5.3) ] 'z g
- =
Rush 3(0.2) = g g
g —
Palpitations 2(0.2) ‘; S| 3 -Gl R S N
Abdominal pain 61 (4.9 g
Others 134 (10.8) = PN PR~ PN
. g I T R R
Asymptomatic 884 (71.2) S B A= B 2 0alF 8T d
£ cexrxegtaoygon
g ég_‘momvﬁ_‘gvmm
=] v —_— N <t — = = O N I~ — —
o
=}
subjects. A breakdown of primary sites for these 1214 par- ; g
ticipants is shown in Table 3. The most common primary site =) g N
was the pancreas (n="702; 57.8%), followed by the rectum ;:’ 8 g 5:? § g g E < g'/ g 5 g
(n=188; 15.5%) and duodenum (n=97; 8.0%). A jejunal/ Z 2l |l S F R S5 85HS
ileal origin was seen for only 1.5%, reflecting the far lower g 8
incidence of jejunal/ileal NENs in Japan compared to West- 2 | S |2 PN 5o o
. . . 2] ~ ~ o~ o~ S -~ [e)
ern countries. As a whole, 519 participants (42.8%) had at § u; 2 fgaraaggagd
L 5 8 soengIIIsE L
least one metastatic lesion (Table 3). The most common B8 |82 | IR L S
. . . S(ZISIZ3|vw @ v ta—=8a<F —
sites of metastasis were the lymph nodes and liver. More S
than 60% of participants with NEN of esophageal, stomach, 2
jejunal/ileal, colon, or thymic origin had metastasis. Of note, g gz © o © < a -
.. . . . =2 =2 = = =
42 of the 188 participants (22.3%) with rectal NEN in this ._%D = - = A
registry had liver metastasis. 3 Z .
In our current registry, a slight difference in the distri- £ §0 © . s =
bution of primary sites was seen compared to the national Clg|® i o= B \g -,g I 5
; . m |35 |5 |5 E2 858 .88 2L ¢
cancer registry-based analysis [5]; about 60% of enrollments 2|5 |E|E S EZBE RS E G E @ 3
. = B=) s 2 = 2 =
were for PanNEN, followed by rectal NEN, but the ileum ] § ol& Z 3 A8 FSEEE 3B
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was much less frequent than reported. At least two factors
may have contributed to this discrepancy; the fact that this
study is still in the middle of enrollment, and the variety of
departments participating in this registry. Indeed, half of the
departments specialize in surgery or hepatobiliary pancre-
atic diseases, and such bias may affect patient enrollment.
Apart from the higher enrollment of PanNEN patients, the
rectum is the most common, followed by the duodenum and
stomach, similar to a national cancer registry-based analysis
[5]. The proportions of primary sites differed from reports
from European countries, with PanNEN more frequent, and
jejunal/ileal NEN was rare.

In PanNEN, 41.9% of patients had metastasis. The domi-
nant metastatic site was the liver, at twice the rate of lymph
node metastasis in the current registry. In contrast, the fre-
quency of lymph node metastasis from GI-NEN resembled
that of the liver, and differences in metastatic distribution
according to primary site should be noticed. For rectal NEN,
32.4% of patients had metastasis and both lymph nodes and
the liver were frequent sites of metastasis. The metastatic
rate in this registry was higher compared to those in the Jap-
anese national cancer registry and the SEER database [2, 5].

Pathological findings

Of the 1526 participants, pathological diagnosis was avail-
able for 1041 of GEP-NENSs and 71 bronchopulmonary and
thymic NETs (Table 4). This registry includes data on Ki67
index and mitotic counts for participants with GEP-NENSs, as
components of the 2019 WHO grade classification [15]. The
distribution of WHO2019-based grades varied according to
the primary site, similar to a previous Japanese national
cancer registry-based analysis. Low-to-intermediate grade
(G1-G2) was dominant for duodenal, jejunal/ileal, rectal,
and pancreatic NENs, whereas high grade (G3 or NEC)
was dominant for esophageal, stomach, and colon NENs.
For pancreatic NENs, G3 and NEC accounted for 1.6% and
2.9%, respectively. Higher grade was associated with more
frequent incidences of metastasis in each primary site. For
bronchopulmonary NETs, LCNEC was dominant (44.3%)
and more than one-third of these cases showed metastatic
disease. Typical and atypical carcinoids accounted for 23.0%
and 14.8%, respectively.

Discussions

This study is the first multicenter prospective cohort study
on NENs of the gastrointestinal tract, pancreas, lungs, bron-
chi, or thymus in Japan. Major university hospitals and high-
volume institutions in Japan are participating, and around
5.8% of patients with NENs of the pancreas, gastrointestinal
tract, lungs, bronchi, or thymus in Japan have been registered

and their detailed data entered. Enrollment of such patients
continues.

Masui et al. reported a population-based study on the epi-
demiology of patients with GEP-NENs from Japan. That
study was based on the database of the national cancer reg-
istry and was registered by many institutions. However, reg-
istry items were comparatively few and NENs may not have
been registered in that study unless considered malignant.

On the other hand, this study is enrolling all tumors diag-
nosed as NENs at participating institutions, regardless of
whether the tumor is diagnosed as benign or malignant. This
study collects more detailed information than the cancer reg-
istry, such as the actual Ki67 index, the degree of patho-
logical differentiation, and treatment methods. The study
enrolled patients diagnosed after 2012 and initially applied
the 2010 WHO classification [11]. The WHO classification
was updated in 2019, and NEC was classified into NET G3
and NEC according to the degree of pathological differentia-
tion. Since both Ki67 index and the degree of pathological
differentiation had been registered in the database for this
study, analyses could be undertaken using the WHO 2019
classification [15]. Furthermore, the prognosis information
is planned to be filled in, and to analyze the relationship of
histopathology, treatment methods, with prognosis.

In the current registry, the distribution of NENs is dif-
ferent from the previous population-based one: there is less
distribution of NENS in the lung field, and 57% of NENs
are registered to be present in the pancreas and 15.5% in
the rectum, which is almost the opposite of what is found
in population-based studies. One reason for this is that our
registry limits pulmonary NENS to typical carcinoids, atypi-
cal carcinoids, and LCNECs. These are minor components
of pulmonary NENSs, but they are categories that have not
been fully analyzed in pulmonary NENs. Another reason is
that small NENSs in the colon are mainly cured by endoscopy
in non-high-volume centers, and the small rate of gastroin-
testinal NENs may be due to differences in the distribution
of registry institutions. Our current registry is being con-
ducted to enroll patients until 2024, with around 5% of NEN
patients in Japan consistently enrolled every year. With this
cohort data, we are able to collect the information necessary
for clinical research to clarify the characteristics of NENs
in Japan and several clinical studies are ongoing. Currently,
we have planned 3 clinical studies: (1) survival outcomes of
non-functioning NEN with hormone-positive results from
immunohistochemistry; (2) detailed analysis of somatostatin
scintigraphy on high-grade NET/NEC; and (3) prognostic
impact of gross typing of pancreatic NEN.

Several limitations to this study warrant consideration.
First, potential exists for institutional biases in study participa-
tion. About half of the departments are specializing in surgery
or hepatobiliary pancreatic diseases, and patients with a pan-
creatic origin or more progressive disease such as metastasis
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Table 4 Pathological
information on participants in
the NET registry enrolled from
January 2015 to December 2019
(n=1112)

@ Springer

Variables N (%)

Pathological information

Percentage of WHO classification by primary sit

Metastasis
No Yes Not reported
Esophagus 16
Gl 0 (0.0 0 0 0
G2 0 (0.0 0 0 0
G3 0 (0.0) 0 0 0
NEC 10 (62.5) 3 7 0
MiNEN 1 6.3) 0 1 0
Unknown 5 (31.3) 2 3 0
Stomach 74
Gl 9 (12.2) 9 0 0
G2 9 (12.2) 5 4 0
G3 5 6.8) 1 4 0
NEC 34 (45.9) 3 31 0
MiNEN 6 8.1) 0 6 0
Unknown 11 (14.9) 1 7 3
Duodenum 92
Gl 49 (53.3) 35 13 1
G2 17 (18.5) 6 10 1
G3 3 3.3) 0 3 0
NEC 6 (6.5) 1 5 0
MiINEN 3 3.3) 1 2 0
Unknown 14 (14.9) 8 6 0
Jejunum/ileum 16
Gl 9 (50.0) 3 5 1
G2 5 (27.8) 1 4 0
G3 0 (0.0) 0 0 0
NEC 0 (0.0) 0 0 0
MiINEN 0 (0.0) 0 0 0
Unknown 2 (22.2) 0 2 0
Appendix 5
Gl 2 (40.0) 2 0 0
G2 0 (0.0) 0 0 0
G3 0 (0.0) 0 0 0
NEC 1 (20.0) 0 1 0
MiINEN 0 (0.0 0 0 0
Unknown 2 (40.0) 2 0 0
Colon 14
Gl 1 (7.1) 0 1 0
G2 2 (14.3) 0 2 0
G3 0 (0.0 0 0 0
NEC 6 (42.9) 0 6 0
MiNEN 3 (21.4) 1 1 1
Unknown 2 (14.3) 1 1 0
Rectum 180
Gl 80 44.4) 68 11 1
G2 51 (28.3) 24 27 0
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Table 4 (continued) Variables N (%)
Pathological information
Percentage of WHO classification by primary sit
Metastasis
No Yes Not reported
G3 0 0.0) 0 0 0
NEC 7 3.9 0 7 0
MiNEN 0 0.0 0 0 0
Unknown 42 (23.3) 29 12 1
Pancreas 623
Gl 264 (42.4) 214 44 6
G2 218 (35.0) 98 113 7
G3 10 (1.6) 2 7 1
NEC 18 2.9) 2 16 0
MiNEN 5 (0.3) 2 3 0
Unknown 108 (17.3) 52 55 1
Others 21
Gl 3 (14.3) 3 0 0
G2 2 9.5) 1 1 0
G3 0 (0.0) 0 0 0
NEC 4 (19.0) 1 3 0
MiNEN 5 (23.8) 1 4 0
Unknown 7 (33.3) 5 2 0
Lung/bronchi 61
Typical carcinoid 14 (23.0) 11 1 2
Atypical carcinoid 9 (14.8) 6 3 0
LCNEC 27 (44.3) 16 10 1
Combined LCNEC 11 (18.0) 10 1 0
Others (0.0) 0 0 0
Thymus 10
Typical carcinoid 1 (10.0) 0 0 1
Atypical carcinoid 6 (60.0) 2 4 0
LCNEC 1 (10.0) 0 1 0
Combined LCNEC 0 (0.0) 0 0 0
Others 2 (20.0) 0 2 0
to the liver may be more likely to be enrolled. This reflects Conclusion

the current distribution of primary sites and the frequency of
metastasis. Second, pathological data and imaging findings
were reported from individual institutions and were not cen-
trally monitored or audited, due to the constraints of manpower
and cost. We plan to expand the participating departments/
institutions to reduce institutional biases and intend to perform
an audit to improve the accuracy of the data.

In this cohort, major university hospitals and high-volume
institutions in Japan are participating, and it is thought that
a certain percentage of all cases with NENs of pancreas,
gastrointestinal tract, lungs, bronchi, or thymus will be

registered.
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This cohort will be used to plan clinical studies on the
pathophysiology of NENs of pancreas, gastrointestinal tract,
lungs, bronchi, or thymus.
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