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neuroendocrine tumor-G3 (pNET-G3) and pancreatic
neuroendocrine carcinoma-G3 (pNEC-G3), with and
without metastases, respectively.

Methods. We analyzed a subgroup of patients from the
Japanese pancreatic NEC study, a Japanese multicenter
case-series study of pNEN-G3. Pathologists subclassified
67 patients as having pNET-G3 or pNEC-G3 based on
morphological features. We compared the overall survival
(OS) rates among patients who were grouped according to
whether they had undergone tumor-targeted surgery for
tumors without (SwoM) or with (SwM) metastases, or non-
surgical procedures (NS).

Results. Data from 21 patients with pNET-G3 (SwoM,
n=6; SWM, n=5; NS, n=10) and 46 patients with
pNEC-G3 (SwoM, n = 8; SwM, n = 5; NS, n = 33) were
analyzed. OS of patients with pNET-G3 was significantly
longer after SwoM and SwM than with NS (p = 0.018 and
p =0.022). In contrast, OS did not significantly differ
between either SwoM or SwM and NS (p = 0.093 and
p = 0.489) among patients with pNEC-G3.

Conclusion. The role of surgery should be considered
separately for pNET-G3 and pNEC-G3. Although SwoM
and SwM can be considered for pNET-G3, caution is
advised before considering SWM and SwoM for pNEC-G3.

Neuroendocrine neoplasm (NEN)-G3 is a rare and
aggressive subgroup of pancreatic NENs (pNENSs), and has
conventionally been equated with neuroendocrine carci-
noma (NEC). NEC is classified according to the WHO
2010 criteria, based only on the Ki67 labeling index (LI;
> 20%) or mitotic count (> 20/10 high-power field), and is
implicitly regarded as poorly differentiated. However,
recent studies have uncovered clinical and genetic differ-
ences between well- and poorly differentiated NEN-G' ™
and NEN-G3 is subclassified by the WHO 2017 criteria
into well-differentiated neuroendocrine tumor (NET)-G3
and poorly differentiated NEC-G3.° Therefore, treatment
strategies should now be determined based on this
subclassification.

Conventionally, even curative surgery has been passive
for NEN-G3 compared with that for NET-G1/G2, and
surgery to treat metastases has not been recommended'®-"!
because the prognosis of poorly differentiated NEC after
surgery'>~'3 is dismal. In contrast, current guidelines sug-
gest the surgical indications for NET-G3 and NEC-G3
should be separated.

The current National Comprehensive Cancer Network
guidelines'® indicate treatment strategies for NEC-G3 are
similar to those for small cell lung carcinoma (SCLC);
curative surgery limited to patients with local tumors, and
surgery for patients with metastases is not recommended.

However, a treatment strategy for NET-G3 might follow
that for NET-G1/G2, i.e. surgery with RO intent for patients
with local or even metastatic tumors is recommended, and
non-curative debulking surgery might be considered for
select patients.

In contrast, the current European Neuroendocrine
Tumor Society (ENETS) consensus guidelines'’ note the
need to distinguish NET-G3 from NEC-G3, but they do not
expressly distinguish the surgical indications. The ENETS
consensus guidelines recommend surgery with adjuvant
chemotherapy for patients with resectable local NEN-G3,
but not for patients with metastatic tumors. Although the
difference between NET-G3 and NEC-G3 is now taken
into account, these guidelines have not yet provided sur-
gical indications for NET-G3 and NEC-G3 with and
without metastases because of scant background data.

We recently performed the Japanese pancreatic NEC
Study, a multicenter, retrospective, case-series study of
100 patients diagnosed with pNEC according to the WHO
2010 criteria, at 31 Japanese institutions. That study
identified clinicopathological and genetic differences
between pNET-G3 and pNEC-G3.'® The present sub-
group analysis of the Japanese pancreatic NEC study
aimed to determine the effects of surgery on pNEN-G3
with and without metastases, distinguishing between
pNET-G3 and pNEC-G3.

PATIENTS AND METHODS

Patient enrollment, data collection, and histological
evaluations have been described in the primary report.'®
Patients who were diagnosed with pNEC according to the
WHO 2010 classification were recruited from participating
institutions. Pathological review was performed by two
expert pathologists, and tumors diagnosed as other than
pNEC were excluded. Tumors whose cytological features
overlapped with those of NET-G2, in other words the
neoplastic cells displayed a low nuclear to cytoplasmic
ratio and small-sized to medium-sized, ovoid nuclei, pro-
liferating with minimal findings of pleomorphism and
extensive necrosis, were then categorized as pNET-G3. In
contrast, tumors were categorized as pPNEC-G3 when they
showed high-grade cytological atypia, apparent pleomor-
phism, and extensive necrosis, in addition to prominent
mitotic activity.

Immunohistochemistry and Ki67 Labeling Index

Using unstained slides sent from the participating
institutions, immunohistochemistry for Ki67 (clone SP6,
rabbit, 1:200; Neo Markers) and Rb (clone 3H9, mouse,
1:300; MBL) was performed.18
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Mutation Analysis of KRAS

Mutation analysis of KRAS codon 12 was performed
using an ABI PRISM 310 Genetic Analyzer (Applied
Biosystems, Foster City, CA, USA) or the Cycleave PCR
assay (Takara, Otsu, Japan).18

Definition of Surgical Groups and Chemotherapy

Patients who were diagnosed as having pNET-G3 or
pNEC-G3 were subdivided into groups according to whe-
ther they had been treated with tumor-targeted surgery for
pNET-G3 or pNEC-G3 without metastases (SwoM), with
metastases (SWM), or without surgery (NS), and overall
survival (OS) was then compared among the groups. SwoM
was defined as surgery for patients without distant metas-
tases, and with the intent to resect the entire primary tumor
and regional lymph node metastases; SWM was defined as
tumor-targeted surgery for patients with distant metastases
that included both RO intent and surgical reduction of
tumor burden with apparent residual metastatic tumors; and
NS was defined as any regimen of systemic chemotherapy
for patients who did not undergo SwoM or SwM. Patients
who were only treated with best supportive care (BSC) or
palliative surgery were excluded. There was no standard
indication for surgical resection; however, in general, cases
with involvement of major vasculature or massive metas-
tases tended to be considered as a contraindication for
surgery.

Ethical Considerations

The Institutional Review Boards at all 31 participating
institutions approved this study. They waived the require-
ment for informed consent because this was a retrospective
study, no identifiable information was used, and most of
the patients were deceased and relatives could not be
traced. Instead, each patient, where possible, provided
general blanket, written, informed consent about the use of
their clinical and pathological data, and a public
announcement was made regarding the purpose and
method of this study.

Statistical Analysis

Patient characteristics were compared using Fisher’s
exact test or the y* test for categorical data, and the Mann—
Whitney U test for quantitative data. OS, defined as the
amount of time that elapsed between diagnosis and death
due to any cause, was estimated using the Kaplan—-Meier
method and was compared using log-rank tests. The hazard

ratio (HR) and 95% confidence interval (95% CI) were
estimated using a Cox proportional hazards model. Sur-
viving patients were censored at their last follow-up date.
p-values < 0.05 were considered significant. All data were

statistically analyzed using PASW Statistics software ver-
sion 18 (SPSS Inc., Chicago, IL, USA).

RESULTS

Thirty of the 100 patients originally enrolled in this
study were excluded after pathological review, as previ-
ously described.'® The remaining 70 patients were
classified as having pNET-G3 (n =21) or pNEC-G3
(n = 49); however, three patients with pNEC-G3 were
excluded because they only received BSC (n = 2) or pal-
liative surgery involving gastrointestinal bypass (n = 1).
Our final analysis included data from 21 patients with
pNET-G3 and 46 patients with pNEC-G3 (Fig. 1).

Patient Characteristics and Surgical Details

Table 1 shows the characteristics of the 21 patients with
pNET-G3 and the 46 patients with pNEC-G3. Of the
patients with pNET-G3, 6, 5, and 10 underwent SwoM,
SwM, and NS, respectively, and of the patients with pNEC-
G3, 8, 5, and 33 underwent SwoM, SwM, and NS,
respectively (Fig. 1). Table 2 shows details of the surgery
for each group. Surgical resection with curative intent (R0/
1) was achieved in all patients in the pNET-G3 and pNEC-
G3 SwoM groups, and in two of the five patients in each of
the pNET-G3 SwM and pNEC-G3 SwM groups. One of
eight patients with pNET-G3 and four of ten patients with
pNEC-G3 received adjuvant chemotherapy after RO/1
surgery. Platinum-based adjuvant chemotherapy was
administered to only one patient with pNEC-G3, and
neoadjuvant chemotherapy was not administered to any
patients in the present study.

Overall Survival

Figure 2a shows the OS of all patients with pNET-G3
and pNEC-G3. The median follow-up periods were 13.2
and 9.2 months, respectively. Significantly more patients
with pNEC-G3 had negative Rb expression and Kras
mutation than those with pNET-G3. In addition, the med-
ian Ki67-L1 was significantly higher in patients with
pNEC-G3 than in those with pNET-G3 (Table 1). The
median OS of patients with pNET-G3 and pNEC-G3 was
41.8 and 11.3 months, respectively. OS was significantly
longer for patients with pNET-G3 than patients with
pNEC-G3 (p = 0.004; HR 0.352, 95% CI 0.168-0.741).
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100 patients
originally diagnosed with
pancreatic neuroendocrine carcinoma
based on WHO 2010 calssification
(pancreatic neuroendocrine neoplasm-G3:panNEN-G3)

30 patients

pathological review
70 patients

21 patients
morphologically well-differentiated
pancreatic neuroendicrine tumor-G3

(panNET-G3)

21 patients

eliminated after central

49 patients
morphologically poorly-differentiated
pancreatic neuroendicrine carcinoma-G3
(panNEC-G3)

3 patients
best supportive care

46 patients eliminated

6 patients 5 patients 10 patients 8 patients 5 patients 33 patients
panNET-G3 panNET-G3 panNET-G3 panNET-G3 panNEC-G3 panNEC-G3
Surgery for patients Surgery for patients No Surgery Surgery for patients Surgery for patients No Surgery
without metastasis with metastasis without metastasis with metastasis
(SwoM) (SwM) (NS) (SwoM) (SwM) (NS)

FIG. 1 Enrollment, exclusion, and subclassification of patients.
Among 100 patients enrolled in the Japanese pancreatic NEC study,
30 were excluded after pathological review and three were excluded
because they received only best supportive care, including palliative
surgery. We analyzed data from 21 to 46 patients with pNET-G3 and

TABLE 1 Patient characteristics

pNEC-G3, respectively. Among those patients with pNET-G3, 6, 5,
and 10 underwent SwoM, SwM, and NS (systemic chemotherapy
alone), respectively, and among those patients with pNEC-G3, 8, 5,
and 33 underwent SwoM, SwM, and NS, respectively. NEC
neuroendocrine carcinoma

Total pNET-G3 pNEC-G3 p Value (pNET-G3

[N = 67] [N = 21] [N = 46] vs. pNEC-G3)
Median age, years (range) 64 (30-84) 63 (30-81) 64 (35-84) 0.898
Male/female 43/24 11/10 32/14 0.272
Symptoms (yes/no) 54/13 15/6 39/7 0.318
Functionality (functional/non-functional) 2/65 2/19 0/46 0.177
Tumor location (head/body or tail) 27/40 9/12 18/28 0.788
Median tumor size, cm (range) 40 (11-150) 40 (20-80) 41 (11-150) 0.782
Median Ki67 labeling index 70 (15-100)* 28.5 (15-53)* 80 (22-100) > 0.001
Rb expression (positive/negative) 40/22° 21/0 19/22° > 0.001
Kras mutation (wild/mutated) 41/19¢ 21/0 20/19°¢ > 0.001
ENETS stage (I/IV/III/IV) 0/7/10/50 0/4/2/15 0/3/8/35 0.762¢
Chemotherapy, first-line (platinum-based/other/no chemotherapy) 41/21/5 8/9/4 33/12/1 0.053°
Surgical intervention (yes/no) 11/10 13/33 0.099

Bold values are statistically significant (p < 0.05)
From Hijioka et al.'®

PNEC-G3 poorly differentiated pancreatic neuroendocrine carcinoma-G3, pNET-G3 pancreatic neuroendocrine tumor-G3, ENETS European

Neuroendocrine Tumor Society

“Two patients with Ki67-LI < 20 and six patients whose Ki67-LI could not be evaluated were diagnosed as having neuroendocrine carcinoma,

by mitotic counts

"Rb expression could not be evaluated in five patients
“Kras mutation could not be evaluated in seven patients
9Stage I-IIT versus IV

°Chemotherapy, yes versus no
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TABLE 2 Surgical details

pNET-G3 pNEC-G3
SwoM SwM SwoM SwM
[N =6] [N=75] [N =8] [N=75]
Surgical procedure 1 PD 1 DP 4 PD 2 DP
4 DP 3 DP with hepatectomy 4 DP 1 PD with hepatectomy
1 TP 1 DP with distant lymph node resection 1 PD with omentectomy
1 DP with hepatectomy
Resection status (RO/R1/R2) 6/0/0 1/1/3 7/1/0 1/1/3
Adjuvant chemotherapy 1/5 0/5 3/5 1/4

(yes/no)

PNEC-G3 poorly differentiated pancreatic neuroendocrine carcinoma-G3, pNET-G3 pancreatic neuroendocrine tumor-G3, SwoM surgery without
metastases, SwM surgery with metastases, PD pancreatoduodenectomy, DP distal pancreatoduodenectomy, TP total pancreatectomy

Comparison of Characteristics and Overall Survival

(OS) of Patients with pNET-G3 Treated with Surgery
Without Metastasis (SwoM), Surgery with Metastasis
(SwM), and No Surgery (NS)

Table 3 and Fig. 2b compare the characteristics and OS
among patients with pNET-G3 who were treated by SwoM,
SwM, and NS. Tumors were located in the pancreatic head
significantly more often among patients treated with NS
than patients treated by SwM (7 of 10 vs. 0 of 5;
p = 0.025). The prevalence of ENETS clinical stage IV
was significantly higher among patients in the NS group
than patients in the SwoM group (10 of 10 vs. 0 of 6;
p < 0.001). The median Ki67-LI was significantly higher
in the NS group than in the SwoM group (36 vs. 20.5,
p = 0.029). The median follow-up periods of patients with
pNET-G3 after SwoM, SwM, and NS were 39.2, 19.5, and
6.0 months, respectively, and the median OS was not
reached, not reached, and 6.8 months, respectively. OS was
significantly longer for patients with pNET-G3 treated by
SwoM (p = 0.018; HR 0.114, 95% CI 0.013-0.967) and
SwM (p = 0.022; HR 0.114, 95% CI 0.013-1.004) than by
NS.

Comparison of Characteristics and OS Among Patients
with pNEC-G3 Treated by SwoM, SwM, and NS

Table 3 and Fig. 2c compare the characteristics and OS
among patients with pNEC-G3 who were treated by
SwoM, SwM, and NS. Significantly more ENETS clinical
stage IV was identified among patients in the NS group
than in the SwoM group (30 of 33 vs. 0 of §; p < 0.001).
The median Ki67-LI index was significantly higher in the
NS group than in the SWM group (85 vs. 70, p = 0.047).
The median follow-up periods of patients with pNEC-G3
after SwoM, SwM, and NS were 15.9, 9.1, and 7.8 months,

respectively, and the median OS was 16, 9.1, and
9.6 months, respectively. OS tended to be longer after
SwoM than after NS, but the difference was not significant
(p = 0.093; HR 0.485, 95% CI 0.205-1.146). In addition,
OS was not significantly different between patients treated
by SwM and NS (p =0434; HR 0.685, 95% CI
0.233-2.013).

DISCUSSION

This study found that surgical intervention is effective
for pNET-G3. OS of patients with pNET-G3 was signifi-
cantly longer for patients treated with SwoM than patients
treated with NS, although differences in clinical stage were
unavoidable. Alternatively, all patients who underwent
SwM, as well as those who were not surgically treated, had
clinical stage IV pNET-G3. However, OS was significantly
longer for patients treated with SwM than patients treated
with NS.

In contrast, the effectiveness of surgery for pNEC-G3
was questionable. OS tended to be longer for patients with
pNEC-G3 treated with SwoM than patients treated with
NS, but the difference was not significant. Considering that
they were at an earlier clinical stage than patients who did
not undergo surgery, the effectiveness of SwoM for pNEC-
G3 was unclear.

Notably, the clinical stages of patients with SwM and
NS were similar, and OS was not any better for patients
after SWM than after NS. Thus, the indication for SwoM to
treat pNEC-G3 should be considered carefully and be
limited to select patients, whereas SwWM should be avoided.

The role of surgery might be similar for pNET-G3 and
pNET-G1/G2. The outcome of NET-G1/G2 with distant
metastases was favorable after resecting the primary tumor
and distant hepatic metastases,lg*21 and after resecting the
primary site only.??">* Similarly, surgery for patients with
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FIG. 2 Comparison of OS among patients with a pNET-G3 and
pNEC-G3; b pNET-G3 after surgery without metastases, with
metastases, and who were not surgically treated; and ¢ pNEC-G3
after surgery without metastases, with metastases, and who were not
surgically treated. a Median OS of patients with pNET-G3 and
pNEC-G3 was 41.8 and 11.3 months, respectively. OS was
significantly longer for patients with pNET-G3 than for patients
with pNEC-G3 (p = 0.004, log-rank test; HR 0.352, 95% CI
0.168-0.741; Cox proportional hazard model). b Median OS of
patients with pNET-G3 after SwoM, SwM, and NS was not reached,
not reached, and 6.8 months, respectively. OS was significantly
longer for patients with pNET-G3 treated by SwoM (p = 0.018; HR

metastatic pNET-G3 could be an option. In contrast, ref-
erence to SCLC could be justified for pNEC-G3.'®!
Surgical indications could be limited to the early clinical
stage. Although most of the patients (seven of eight)

0.114,95% CI1 0.013-0.967) and SWM (p = 0.022; HR 0.114, 95% CI
0.013-1.004) than by NS. ¢ Median OS of patients with pNEC-G3
after SwoM, SwM, and NS was 16, 9.1, and 9.6 months, respectively.
OS tends to be longer after SwoM than after NS, but the difference is
non-significant (p = 0.093; HR 0.485, 95% CI 0.205-1.146). OS was
not significantly different between patients treated with SwWM and
those treated without surgery (p =0.489; HR 0.685, 95% CI
0.233-2.013). OS overall survival, pNET-G3  pancreatic
neuroendocrine tumor-G3, pNEC-G3 pancreatic neuroendocrine
carcinoma-G3, HR hazard ratio, CI confidence interval, SWoM
surgery without metastases, SwM surgery with metastases, NS no
surgery

treated with SwoM underwent RO resection, the OS of
these patients was relatively short (median 16 months;
3-year survival rate, 20%), which suggested that a pro-
portion of patients who seemed to have completely
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resectable tumors were at a disadvantage for surgery due to
early recurrence and postoperative complications, which
prevents the subsequent administration of chemotherapy.

Some previous studies reported the effects of surgery for
NEN-G3. Crippa et al. found that the median OS was
longer for patients with stage III/IV pNEN-G3 after R0/1
surgery than after R2 surgery or without surgery.”> Fur-
thermore, Haugvik et al. found that OS for patients with
pNEN-G3 was longer after surgery than after chemother-
apy alone, and OS for patients with metastases was not
inferior to that of patients without metastases after surgery.
This study also found that patients with metastases after
surgery had relatively low Ki67-LI values (median 37%),
and thus most of these patients seemed to have NET-G3.2°

Regarding survival after surgery of patients with liver
metastases, two studies have shown that OS of patients
with liver metastases after surgical intervention was shorter
for pNEN-G3 than for pNEN-GI1 or G2.">*’ However,
Galleberg et al. demonstrated that OS was longer for liver
metastatic gastro-entero-pancreatic NEN-G3 patients with
lower Ki67-LI (21-54%) than for those with higher Ki67-
LI (> 55%) after surgery.”®

Most patients with NEN-G3 and a low Ki67-LI seemed
to have NET-G3. However, unlike the present study, these
studies did not distinguish NET-G3 from NEC-G3.
Therefore, the precise proportions of NET-G3 and NEC-
G3 remain unknown, and the effectiveness of surgery for
these tumors cannot be determined from the previous
findings.

The advantages of the present study are that it was a
subanalysis of one of the largest multicenter studies of
pNEN-G3. The central pathological review confirmed the
pathological diagnosis of pNET-G3 and pNEC-G3, and the
significant differences in the Ki67-LI, Rb immunohisto-
chemical expression, and Kras mutation profiles (Table 1)
support a certain degree of accuracy.

The present study has limitations due to its retrospective
design and the inclusion of various patients over a long
period. Treatment strategies were not prearranged and only
a few patients underwent adjuvant chemotherapy, which is
recommended for patients with NEC-G3.'®!” The survival
of some patients with NEC-G3 might be improved after
surgery with adjuvant chemotherapy. Selective bias
regarding the indication for surgery was unavoidable. For
example, patients with metastatic tumors other than liver or
lymph nodes, as well as patients with ENETS T4 tumors,
had a tendency not to undergo surgery. Furthermore,
patients with metastatic pNEN-G3 could not be assigned to
undergo surgery with RO intent, as well as surgery to
reduce tumor burden with apparent residual metastatic
tumors, because there was an insufficient number of
patients. Therefore, whether surgery to reduce tumor bur-
den with apparent residual tumor is effective for pNET-G3

remains unknown. A large, prospective trial is required to
generate concrete evidence about the effectiveness of sur-
gery for pNET-G3 and pNEC-G3; however, this might be
impossible because pNEN-G3 is quite rare and is often
identified only after reaching an advanced clinical stage,
when surgery is likely to be contraindicated. Thus, we
believe that this retrospective study has important clinical
relevance.

Another concern is that pNET-G3 and pNEC-G3 are
usually diagnosed based on pathological morphology of
surgical specimens after surgery, whereas surgical indica-
tions must be determined before surgery. Preoperative
endoscopic ultrasound-guided fine-needle aspiration or
percutaneous biopsy is obviously required. Nevertheless,
we cannot always obtain a sufficient amount of specimen to
diagnose pNET-G3 or pNEC-G3, especially for differential
diagnosis of pNET-G3 or large-cell pNEC-G3. Some
studies, including our previous report, showed genetic
differences, such as Kras mutation or Rb immunohisto-
chemistry differences, between pNET-G3 and PNEC-
G3.>*!® These genetic differences can be detected using a
relatively small amount of specimen obtained preopera-
tively by fine-needle aspiration. Thus, this may play an
important role for determining surgical indications.

CONCLUSIONS

We concluded that surgery has different roles in pNET-
G3 and pNEC-G3. Surgery for patients with and without
metastases can be considered as a treatment option for
pNET-G3. On the other hand, surgery for pNEC-G3
without metastases should be considered with extreme
caution, and effort is needed to identify appropriate sur-
gical indications and to improve outcomes.

ACKNOWLEDGMENT This research was supported by the Japan
Agency for Medical Research and Development (AMED) under
Grant Number JP15ck0106138h0002, and by a Grant from the Japan
Society for the Promotion of Science (JSPS) KAKENHI (Grant No.
JP26461041). The main analysis of the Japanese pNEC study was
reported by Hijioka et al.'®

DISCLOSURES Junji Furuse fully declares any financial or other
potential conflicts of interest as follows: honoraria from Taiho,
Chugai, Yakult, Sumitomo Dainippon, Eli Lilly Japan, Astellas, Ono,
Pfizer, Bayer, Novartis, Merck Serono, Takeda, Eisai, MSD, Shio-
nogi, J-Pharma, Daiichi Sankyo, Mochida, Nippon Kayaku, EA
Pharma, Sawai, Teijin Pharma; consulting or advisory role with
Taiho, Chugai, Yakult, Sumitomo Dainippon, Eli Lilly Japan,
Astellas, Ono, Pfizer, Bayer, Novartis, Merck Serono, Takeda, Eisai,
MSD, Shionogi, J-Pharma, Daiichi Sankyo, Kyowa Hakko Kirin,
Sanofi, Sandoz, Otsuka, Zeria, Fujifilm, Astra Zeneca, Asahi Kasei,
Shire; and research funding from J-Pharma, Taiho, Sumitomo
Dainippon, Janssen, Daiichi Sankyo, MSD, Yakult, Takeda, Chugai,
Ono, Astellas, Zeria, Novartis, Nanocarrier, Shionogi, Onco Therapy
Science, Eli Lilly Japan, Bayer, Bristol-Myers Squibb, Merck Serono,



Surgery for Pancreatic NET-G3 and NEC-G3

1393

Kyowa Hakko Kirin, Eisai, NanoCarrier, Mochida, Baxalta, and
Sanofi. Nobumasa Mizuno fully declares any financial or other
potential conflicts of interest as follows: honoraria from Taiho,
Novartis, Ono Pharmaceutical, Yakult, and Teijin Pharma; advisory
role with Teijin Pharma; and research funding from Taiho, Merck
Serono, AstraZeneca, Zeria Pharmaceutical, NanoCarrier, Eisai,
MSD, Novartis, Dainippon Sumitomo Pharma, ASLAN Pharmaceu-
ticals, Pharma Valley Center, Incyte Inc., and Yakult. Tsukasa
Yoshida, Susumu Hijioka, Waki Hosoda, Makoto Ueno, Masayuki
Furukawa, Noritoshi Kobayashi, Masafumi Ikeda, Tetsuhide Ito,
Yuzo Kodama, Chigusa Morizane, Kenji Notohara, Hiroki Taguchi,
Masayuki Kitano, Kei Yane, Yoshiaki Tsuchiya, Izumi Komoto,
Hiroki Tanaka, Akihito Tsuji, Syunpei Hashigo, Tetsuya Mine,
Atsushi Kanno, Go Murohisa, Katsuyuki Miyabe, Tadayuki Takagi,
Nobutaka Matayoshi, Masafumi Sakaguchi, Hiroshi Ishii, Yasushi
Kojima, Keitaro Matsuo, Hideyuki Yoshitomi, Shoji Nakamori, Hir-
oaki Yanagimoto and Yasushi Yatabe declare they have no conflicts
of interest that could be perceived as prejudicing the impartiality of
the research reported.

REFERENCES

1. Basturk O, Tang L, Hruban RH, et al. Poorly differentiated
neuroendocrine carcinomas of the pancreas: a clinicopathologic
analysis of 44 cases. Am J Surg Pathol. 2014;38(4):437-47.

2. Basturk O, Yang Z, Tang LH, et al. The high-grade (WHO G3)
pancreatic neuroendocrine tumor category is morphologically and
biologically heterogenous and includes both well differentiated
and poorly differentiated neoplasms. Am J Surg Pathol.
2015;39(5):683-90.

3. Yachida S, Vakiani E, White CM, et al. Small cell and large cell
neuroendocrine carcinomas of the pancreas are genetically sim-
ilar and distinct from  well-differentiated  pancreatic
neuroendocrine tumors. Am J Surg Pathol. 2012;36(2):173-84.

4. Sorbye H, Welin S, Langer SW, et al. Predictive and prognostic
factors for treatment and survival in 305 patients with advanced
gastrointestinal neuroendocrine carcinoma (WHO G3): the
NORDIC NEC study. Ann Oncol. 2013;24(1):152-60.

5. Reid MD, Balci S, Saka B, Adsay NV. Neuroendocrine tumors of
the pancreas: current concepts and controversies. Endocr Pathol.
2014;25(1):65-79.

6. Heetfeld M, Chougnet CN, Olsen IH, et al. Characteristics and
treatment of patients with G3 gastroenteropancreatic neuroen-
docrine neoplasms. Endocr Relat Cancer. 2015;22(4):657-64.

7. Velayoudom-Cephise FL, Duvillard P, Foucan L, et al. Are G3
ENETS neuroendocrine neoplasms heterogeneous? Endocr Relat
Cancer. 2013;20(5):649-57.

8. Hijioka S, Hosoda W, Mizuno N, et al. Does the WHO 2010
classification of pancreatic neuroendocrine neoplasms accurately
characterize pancreatic neuroendocrine carcinomas? J Gas-
troenterol. 2015;50(5):564-72.

9. Lloyd RV, Osamura RY, Kloppel G, Rosai J. WHO classification
of tumours of endocrine organs. 4th ed. Lyon: International
Agency for Research on Cancer (IARC); 2017.

10. Kulke MH, Shah MH, Benson AB, Bergsland E, Berlin JD, et al.
NCCN guidelines version 2.2016: neuroendocrine tumor of the
pancreas. National Comprehensive Cancer Network; 2016.

11. Strosberg JR, Coppola D, Klimstra DS, et al. The NANETS
consensus guidelines for the diagnosis and management of poorly
differentiated (high-grade) extrapulmonary neuroendocrine car-
cinomas. Pancreas. 2010;39(6):799-800.

12. Casas F, Ferrer F, Farrus B, Casals J, Biete A. Primary small cell
carcinoma of the esophagus: a review of the literature with
emphasis on therapy and prognosis. Cancer. 1997;80(8):1366-72.

13. Brenner B, Tang LH, Klimstra DS, Kelsen DP. Small-cell car-
cinomas of the gastrointestinal tract: a review. J Clin Oncol.
2004;22(13):2730-39.

14. Fischer L, Bergmann F, Schimmack S, et al. Outcome of surgery
for pancreatic neuroendocrine neoplasms. Br J Surg.
2014;101(11):1405-12.

15. Cho CS, Labow DM, Tang L, et al. Histologic grade is correlated
with outcome after resection of hepatic neuroendocrine neo-
plasms. Cancer. 2008;113(1):126-34.

16. Kulke MH, Shah MH, Benson AB, Bergsland E, Berlin JD, et al.
NCCN guidelines version 3.2017; neuroendocrine tumors.
National Comprehensive Cancer Network; 2017.

17. Garcia-Carbonero R, Sorbye H, Baudin E, et al. ENETS con-
sensus  guidelines for high-grade gastroenteropancreatic
neuroendocrine tumors and neuroendocrine carcinomas. Neu-
roendocrinology. 2016;103(2):186-94.

18. Hijioka S, Hosoda W, Matsuo K, et al. Rb loss and KRAS
mutation are predictors of the response to platinum-based
chemotherapy in pancreatic neuroendocrine neoplasm with grade
3: A Japanese multicenter pancreatic NEN-G3 study. Clin Cancer
Res. 2017;23(16):4625-32.

19. Mayo SC, de Jong MC, Pulitano C, et al. Surgical management of
hepatic neuroendocrine tumor metastasis: results from an inter-
national —multi-institutional  analysis. Ann  Surg  Oncol.
2010;17(12):3129-36.

20. Glazer ES, Tseng JF, Al-Refaie W, et al. Long-term survival after
surgical management of neuroendocrine hepatic metastases. HPB
(Oxford). 2010;12(6):427-33.

21. Lesurtel M, Nagorney DM, Mazzaferro V, Jensen RT, Poston GJ.
When should a liver resection be performed in patients with liver
metastases from neuroendocrine tumours? A systematic review
with practice recommendations. HPB (Oxford).
2015;17(1):17-22.

22. Huttner FJ, Schneider L, Tarantino I, et al. Palliative resection of
the primary tumor in 442 metastasized neuroendocrine tumors of
the pancreas: a population-based, propensity score-matched sur-
vival analysis. Langenbecks Arch Surg. 2015;400(6):715-23.

23. Keutgen XM, Nilubol N, Glanville J, et al. Resection of primary
tumor site is associated with prolonged survival in metastatic
nonfunctioning pancreatic neuroendocrine tumors. Surgery.
2016;159(1):311-18.

24. Hill JS, McPhee JT, McDade TP, et al. Pancreatic neuroendocrine
tumors: the impact of surgical resection on survival. Cancer.
2009;115(4):741-51.

25. Crippa S, Partelli S, Bassi C, et al. Long-term outcomes and
prognostic factors in neuroendocrine carcinomas of the pancreas:
Morphology matters. Surgery. 2016;159(3):862-71.

26. Haugvik SP, Janson ET, Osterlund P, et al. Surgical treatment as
a principle for patients with high-grade pancreatic neuroen-
docrine carcinoma: a nordic multicenter comparative study. Ann
Surg Oncol. 2016;23(5):1721-28.

27. Partelli S, Inama M, Rinke A, et al. Long-term outcomes of
surgical management of pancreatic neuroendocrine tumors with
synchronous liver metastases. Neuroendocrinology.
2015;102(1-2):68-76.

28. Galleberg RB, Knigge U, Tiensuu Janson E, et al. Results after
surgical treatment of liver metastases in patients with high-grade
gastroenteropancreatic neuroendocrine carcinomas. Eur J Surg
Oncol. 2017;43(9):1682-89.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Surgery for Pancreatic Neuroendocrine Tumor G3 and Carcinoma G3 Should be Considered Separately
	Abstract
	Background
	Methods
	Results
	Conclusion

	Patients and Methods
	Immunohistochemistry and Ki67 Labeling Index
	Mutation Analysis of KRAS
	Definition of Surgical Groups and Chemotherapy
	Ethical Considerations
	Statistical Analysis

	Results
	Patient Characteristics and Surgical Details
	Overall Survival
	Comparison of Characteristics and Overall Survival (OS) of Patients with pNET-G3 Treated with Surgery Without Metastasis (SwoM), Surgery with Metastasis (SwM), and No Surgery (NS)
	Comparison of Characteristics and OS Among Patients with pNEC-G3 Treated by SwoM, SwM, and NS

	Discussion
	Conclusions
	Acknowledgment
	References




