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Backgrounds/Aims: In 2019, the grading and staging system for neuroendocrine neoplasms (NENs) was significantly changed. In
this study, we report the clinicopathological characteristics and surgical outcomes of patients with extrahepatic biliary NENs who un-
derwent curative resection with or without adjuvant treatment.

Methods: We retrospectively reviewed a database of 16 patients who developed NENSs, neuroendocrine carcinoma (NEC), and mixed
endocrine non-endocrine neoplasms (MiNENs) after curative resection. Among them, eight patients had ampulla of Vater (AoV) tu-
mors, and eight patients had non-AoV tumors.

Results: G1 and G2 were more frequently observed in the AoV group than in the non-AoV group (12.5% and 62.5%, respectively). In
contrast, NEC and MiNEN were more common in the non-AoV group (50.0%). High Ki-67 index (> 20%) and perineural invasion (PNT)
were more frequently observed in the non-AoV group. Advanced age (> 65 years), mitotic count > 20 per 2 mm”’, and Ki-67 index >
20% were strongly correlated with patient survival (p = 0.018, 0.009, and 0.044, respectively). Advanced age (> 65 years) and mitotic
count > 20 per 2 mm’ were significantly correlated with disease recurrence (p = 0.033 and 0.010, respectively).

Conclusions: AoV and non-AoV tumors had significant differences in the histologic grade, Ki67, and PNI. Patients with non-AoV
tumors had an increased risk for survival and recurrence than those in the AoV group. For extrahepatic biliary NENS, early detection
of tumors, adequate surgery, and aggressive adjuvant treatment for high-risk patients are important to achieve long-term survival and

prevent disease recurrence.
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The incidence rate of neuroendocrine neoplasms (NENs)
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is increasing at an annual rate of 6% [1]. NENs mostly occur
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Table 1. Classification and grading criteria for NENs of the gastrointestinal tract and hepatopancreatobiliary organs

Terminology Differentiation Mitotic count/2 mm? Ki-67 index (%)
NET, G1 Well differentiated <2 <3
NET, G2 Intermediate 2-20 3-20
NET, G3 >20 >20
NEC, small-cell type Poorly differentiated >20 >20
NEC, large-cell type >20 >20
MiNEN Well or poorly differentiated Variable Variable Variable

Cited from the article of Nagtegaal et al. Histopathology 2020;76:182-188 [4].

NEN, neuroendocrine neoplasm; NET, neuroendocrine tumor; NEC, neuroendocrine carcinoma; MiNEN, mixed neuroendocrine-non-neuroendocrine

neoplasm.

nization (WHO) classification. NENs are classified as Grade
1 (G1) (mitotic count < 2 per 2 mm” and/or < 3% Ki-67 index),
Grade 2 (G2) (mitotic count 2-20 per 2 mm®and/or 3%-20%
Ki-67 index), and Grade 3 (G3) (mitotic count > 20 per 2 mm’
and/or > 20% Ki-67 index). Neuroendocrine carcinoma (NEC),
including small-cell and large-cell types, is defined as high
grade and poorly differentiated NENs [4]. A mixed neuroen-
docrine-non-neuroendocrine neoplasm (MiNEN) is defined
when each component is morphologically and immunohisto-
chemically recognizable and constitutes > 30% of the tumor
burden. NEC is a separate disease entity from well-differentiat-
ed neuroendocrine tumors because it has different clinicopath-
ological features, prognoses, and molecular alterations [5]. All
NENSs have malignant potential. Extrahepatic biliary NENs,
except those in the ampulla of Vater (AoV), are difficult to
diagnose preoperatively and clearly distinguish from cholan-
giocarcinomas. There is no standard guideline for treatment of
extrahepatic biliary NENs because their natural characteristics
and prognostic factors remain unclear; however, to date, ag-
gressive multimodal treatments are known to be the only treat-
ment to increase the survival rate [6,7]. In this study, we report
the clinicopathological characteristics and surgical outcomes
of patients with extrahepatic biliary NENs (AoV, gallbladder
[GB], and extrahepatic biliary tract) who underwent curative
resection with or without adjuvant treatment.

MATERIALS AND METHODS

Patients

A total of 16 patients diagnosed with NENs or MiNENs un-
derwent curative resection with or without adjuvant treatment
between 2010 and 2020 at Pusan National University Hospital.
One patient was classified as having G1, five had G2, and none
of the patients had G3. Five patients each were diagnosed with
NEC (small-cell type) and MiNEN, respectively. Large-cell
type NEC was not included in our study. Patients” data were
retrospectively reviewed after approval was obtained from the
relevant institutional review board. The requirement for ob-
taining informed consent from patients was waived due to the

retrospective nature of the study. This retrospective study was
performed in accordance with the relevant guidelines and reg-
ulations, and it was approved by the Pusan National University
Institutional Review Board at Clinical Trial Center (Institu-
tional Review Board number: 2109-004-107).

Surgical procedure

The type of surgery decided by the surgeon was dependent
on the tumor location. Pancreatoduodenectomy was performed
to resect tumors located in the AoV and distal common bile
duct. Extended cholecystectomy was performed to resect tu-
mors located in the GB, and radical bile duct resection was per-
formed to resect mid-distal common bile duct tumors. Lymph-
adenectomy from the left celiac trunk to the hepatoduodenal
ligament, including the retropancreatic region, was routinely
performed. If metastasis or direct invasion was suspected, ad-
ditional tissues were resected.

Histopathology

Histopathological diagnosis was determined based on the
following diagnostic criteria: (1) positive immunohistochem-
ical staining of multiple proteins, including chromogranin
A and synaptophysin, or the cluster of differentiation, which
indicates the presence of neural cell adhesion molecules, and
(2) histopathologic presence of high-grade and small-cell cy-
tologic features, very high cellularity with hyperchromatic nu-
clei, absence of very small nucleoli with scant cytoplasm, high
nuclear-cytoplasmic ratio, and round- or fusiform-shaped cells
(based on the classification of squamous cell carcinomas as
NENSs by the WHO) [6,8-11].

Adjuvant treatment

Adjuvant chemotherapy was administered to treat lymph
node (LN) metastasis, lymphovascular invasion (LVI), or peri-
neural invasion (PNI) among patients with G1 and G2 tumors,
or in patients with NECs or MiNENs. The chemotherapy
regimen included etoposide and cisplatin. In patients with
dominant adenocarcinoma in combined adenoneuroendo-
crine carcinoma, gemcitabine and cisplatin or 5-fluorouracil
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and leucovorin were administered. Combined chemoradiation
therapy was also administered to patients in the adenocarcino-

ma-dominant group.

Statistical analysis

Table 2. Comparison of the clinicopathologic characteristics of patients with NENs

Categorical variables of the AoV and non-AoV groups were
compared, and differences were analyzed using log-rank tests.

Variables Total AoV (n=8) Non-AoV (n = 8) P
Age (yr) 0.039
<65 10 (62.5) 7 (87.5) 3(37.5)
> 65 6(37.5) 1(12.5) 5(62.5)
Sex 0.614
Male 7 (43.8) 4 (50.0) 3(37.5)
Female 9(56.2) 4 (50.0) 5(62.5)
Comorbidities 0.590
Yes 5(31.3) 3(37.5) 2(25.0)
No 11 (68.7) 5(62.5) 6 (75.0)
Symptoms >0.999
Yes 6 (37.5) 3(37.5) 3(37.5)
No 10 (62.5) 5(62.5) 5(62.5)
Mitosis (per 2 mm?) >0.999
<20 12 (75.0) 6 (75.0) 6(75.0)
>20 4(25.0) 2(25.0) 2(25.0)
Ki-67 (%) 0.002
<20 6(37.5) 6 (75.0) 0(0)
> 20 10 (62.5) 2(25.0) 8(100)
Histologic grade 0.022
G1 1(6.2) 1(12.5) 0(0)
G2 5(31.2) 5(62.5) 0(0)
G3 0(0) 0(0) 0(0)
NEC 5(31.2) 1(12.5) 4(50.0)
MiINEN 5(31.2) 1(12.5) 4 (50.0)
T status” >0.999
<T2 10 (62.5) 5(62.5) 5(62.5)
>T2 6(37.5) 3(37.5) 3(37.5)
LN metastasis 0.614
Present 9(56.2) 5(62.5) 4(50.0)
Absent 7 (43.8%) 3(37.5) 4(50.0)
Harvested LNs (median, range)
Total LNs 17 (2-86) 18.5 (10-50) 16 (2-86) 0.680
Metastatic LNs 1(0-4) 1(0-4) 0.5 (0-1) 0.334
LVI 0.590
Present 11(68.7) 5(62.5) 6 (75.0)
Absent 5(31.3) 3(37.5) 2(25.0)
PNI <0.001
Present 7 (43.8) 0(0) 7(87.5)
Absent 9(56.2) 8(100) 1(12.5)
Adjuvant chemotherapy 0.590
Yes 11 (68.8) 6 (75.5) 5(62.5)
No 5(31.2) 2(25.0) 3(37.5)

Values are presented as number (%) or mean (range).

NEN, neuroendocrine neoplasm; AoV, ampulla of Vater; NEC, neuroendocrine carcinoma; MiNEN, mixed neuroendocrine-non-neuroendocrine neoplasm;

LN, lymph node; LVI, lymphovascular invasion; PNI, perineural invasion.
T staging according to the American Joint Committee on Cancer, 8th edition.
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Fig. 1. Overall and disease-free survival rates of patients with neuroendocrine tumors. (A) The 1-, 3-, and 5-year overall survival rates were 87.5%, 81.3%,
and 72.2%, respectively. (B) The 1-, 3-, and 5-year disease-free survival rates were 68.8%, 62.5%, and 62.5%, respectively.

A two-tailed Fisher’s exact test was used to compare the cat-
egorical variables. Statistical significance was set at p < 0.05.
Age, tumor size, and LN ratio were compared using Student’s
t-test and Mann-Whitney U test. Overall survival (OS) and
disease-free survival (DFS) were estimated according to the
Kaplan-Meier method, and survival differences were evalu-
ated using the log-rank test. This work was supported by the
Department of Biostatistics, Biomedical Research Institute,
Pusan National University Hospital. Statistical analyses were
performed using the SPSS software version 20.0 (IBM Corp.).

RESULTS

Clinicopathologic characteristics of patients
The mean age of patients was 57.88 + 13.27 years (range, 36 to
74 years). The non-AoV group had more patients above 65 years
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of age than the AoV group (62.5% vs. 12.5%). Overall, 56.2%
of patients were females and 43.8% of patients were males, re-
spectively. Six patients presented with symptoms, whereas the
remaining patients (62.5%) were incidentally diagnosed during
health screening or evaluation for other diseases. There was
a significant difference in histologic grades between the two
groups. In the AoV group, G1 and G2 were more frequently
observed than in the non-AoV group (12.5% and 62.5% vs. 0%
and 0%, respectively, p = 0.022). In contrast, NEC and MiNEN
were more common in the non-AoV group (50% vs. 12.5%, re-
spectively, p = 0.022). High Ki-67 index (> 20%) and PNI were
more frequent in the non-AoV group (25% vs. 100%, p = 0.002;
and 87.5% vs. 0%, p < 0.001, respectively). There were no sig-
nificant differences in the mitosis, T status, LN metastasis, and
LVI (Table 2).
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Fig. 2. The survival and DFS comparison of the AoV and non-AoV groups. (A) The 1-, 3-, and 5-year postoperative OS rates: 87.5%, 87.5%, and 72.9%;
and 87.5%, 75.0%, and 75.0%, p = 0.782, respectively. (B) The 1-, 3-, and 5-year postoperative DFS rates: 75.0%, 62.5%, and 62.5%; and 62.5%, 62.5%, and
62.5%, p = 0.869, respectively. DFS, disease-free survival; AoV, ampulla of Vater; OS, overall survival.
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Results of survival outcomes

The median follow-up period after surgery was 72 months.
The 1-, 3-, and 5-year postoperative OS rates were 87.5%,
81.3%, and 72.2%, respectively (Fig. 1A). The 1-, 3-, and 5-year
DEFS rates were 68.8%, 62.5%, and 62.5%, respectively (Fig. 1B).

In the survival comparison of the AoV and non-AoV groups,
there was no significant difference between the two groups
(the 1-, 3-, and 5-year postoperative OS rates: 87.5%, 87.5%, and
72.9%; and 87.5%, 75.0%, and 75.0%, p = 0.782, respectively)
(Fig. 2A). In the DFS, there was no significant difference be-
tween the two groups (the 1-, 3-, and 5-year postoperative DFS
rates: 75.0%, 62.5%, and 62.5%; and 62.5%, 62.5%, and 62.5%,
p =0.869, respectively) (Fig. 2B).

In the analysis of OS, advanced age > 65 years, mitotic count
> 20 per 2 mm’, and Ki-67 index > 20% were strongly correlat-
ed with patient survival (p = 0.018, 0.009, and 0.044, respec-
tively). However, the histologic grade of NEC and MiNENs,
and T status were associated with prognosis, but there were no
statistical significances (p = 0.065 and 0.069, respectively). LN
metastasis, LVI, and/or PNI were not significantly associated
with prognosis. In the analysis of DFS, advanced age > 65 years
and mitotic count > 20 per 2 mm® were significantly correlated
with disease recurrence (p = 0.033 and 0.010, respectively). Ac-
cording to multivariate analysis, mitotic count > 20 per 2 mm®
was a significant predictor for poor OS and DFS (hazard ratio
= 17.48, p = 0.033; and hazard ratio = 17.66, p = 0.033, respec-
tively) (Table 3).

Outcomes of patients with neuroendocrine neoplasms
Table 4 shows, in brief, the clinicopathologic characteristics
and outcomes of each patient with NEN. One patient (case #6)

had a G2 lesion with single hepatic metastasis. He survived
without any recurrence for 32 months postoperatively without
adjuvant treatment. Recurrence was observed in six patients.
The first patient (case #1) with a G2 lesion achieved complete
remission after undergoing palliative chemotherapy (Sutent®,
sunitinib malate, Pfizer) and lived for 110 months without
recurrence. The second patient (case #3) with NEC developed
hepatic metastasis 27 months after complete resection and re-
ceived radiofrequency ablation and chemotherapy (etoposide
and cisplatin). The patient died at 66 months and exhibited
progression after recurrence. The third patient (case #14) with
a GB tumor had MiNEN. He received adjuvant concurrent
chemoradiation therapy (5-fluorouracil and leucovorin-based)
after surgery but did not complete the scheduled course due to
its complications. Nine months after surgery, tumors recurred
in the liver, and partial liver resection was performed. The pa-
tient exhibited no evidence of recurrence for 12 months (Table
4).

DISCUSSION

In 2019, the grading and staging system for NENs was
significantly changed. The first change was a new subset of
well-differentiated NENSs, particularly G3 NEN lesions, which
are well-differentiated but have a high ki-67 index (> 20%) and
mitotic count > 20 per 2 mm®. The second change was a change
in the term from mixed adenoneuroendocrine carcinoma to
MiNEN. MiNEN should comprise at least 30% of non-neuro-
endocrine components [11]. In our study, we had one patient
with G1, five with G2, and five with pure poorly differentiated
carcinoma (small-cell type, G3). We identified two patients

Table 3. Univariate and multivariate analyses of overall survival and disease-free survival rates

Overall survival

Disease free survival

Uni-

Uni-

Variable . Multivariate . Multivariate
variate variate

p HR 95% Cl p P HR 95% Cl p
Age > 65 yr 0.018 0.491 0.018-13.08 0.671 0.033 0.525 0.020-13.56 0.698
Sex (female) 0.437 - - - 0.489 - - -
Tumor location (non-AoV) 0.717 - - - 0.797 - - -
Mitosis > 20 (per 2 mm?) 0.009 17.48 1.269-240.79 0.033 0.010 17.66 1.267-246.06 0.033
Ki67 > 20 (%) 0.044 0.000 - 0.975 0.059 - - -
Histologic grade (G1/G2 vs. NEC/MiNEN) 0.065 - - - 0.081 - - -
T status (T3, T4)” 0.069 - - - 0.068 - - -
LN metastasis 0.456 - - - 0.446 - - -
LVI 0.657 - - - 0.672 - - -
PNI 0.467 - - - 0.548 - - -
Adjuvant chemotherapy 0.886 - - - 0.956 - - -

AoV, ampulla of Vater; NEC, neuroendocrine carcinoma; MiNEN, mixed endorine non-endocrine neoplasm; LN, lymph node; LVI, lymphovascular invasion;

PNI, perineural invasion; HR, hazard ratio; Cl, confidence interval; -, not available.

?According to American Joint Committee on Cancer 8th edition.
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Table 4. Clinicopathologic characteristics and outcomes of patients with NENs
Crpe  SodEEE Gemmeslliyy Tll;Taor e L Ofiiéa_ SO N e A?i::?-nt Dr:éej:e Status
(yr) symptom tion grade count method status®  status ment  rence

#1 M/62 +/- AoV NET, G2 1 5 PD 2 0(0/50) - - + + Ned

#2 M/36 -/- AoV NET, G2 4 4 PD 3 1(4/200 + - + - Ned

#3 M/59 +/jaundice AoV MiNEN 102 70 PPPD 3 1(1/200 + - + + Expired
#4 F/58 +/- AoV NET, G2 5 3 PPPD 2 1017) - - + - NED
#5 F/47 -/- AoV NET, G1 1 1 PPPD 2 0(0/12) + - + - NED

#6 M/43 +/pain AoV NET, G2 2 2.2 HPD 2 0(0/10) + - NA - NED

#7 F/74 +/dyspepsia AoV NEC 250 80 PD 3 101715 + + + Expired
#8 F/38 -/- AoV NET, G2 1 47 PPPD 2 1(1/23) - NA - NED
#9 F/49 -/- GB NEC 2 30 RC 2 0(0/15) + + + - NED
#10 M/66 +/- GB NEC 8 25 RC 2 1(1/2) -+ NA - NED
#11 F/74 +/- GB NEC 15 30 RC 3 101/49) + + NA + Expired
#12 F/71 +/- GB MiINEN 52 70 RC 2 0 (0/6) + o+ NA - NED
#13 F/44 —/pain GB MINEN 0 60 HPD 4 1(1/86) + - + - NED
#14 M/74 +/- GB MiINEN 0 90 RC 3 1(1/17) + + + + NED
#15 M/64 +/jaundice EBD NEC 20 60 PPPD 2 0(0/21) + + + - NED
#16 F/67 +/pain EBD MiNEN 23 90 rBDR 2 0(0/8) + + + Expired

NEN, neuroendocrine neoplasm; AoV, ampulla of Vater; GB, gallbladder; EBD, extrahepaticbile duct; NET, neuroendocrine tumor; MiNEN, mixed
neuroendocrine-non-neuroendocrine neoplasm; NEC, neuroendocrine carcinoma; PD, pancreaticoduodenectomy; PPPD, pyrolus preserving
pancreaticoduodenectomy; RC, radical cholecystectomy; HPD, hepatopancreaticoduodenectomy; rBDR, radical bile duct resection; LN, lymph node; LVI,

lymphovascular invasion; PNI, perineural invasion; NA, not available.

T staging according to the American Joint Committee on Cancer, 8th edition.

with combined carcinoma, which made up < 30% of the tumor
burden, and three patients with MiNEN. In each, the final cat-
egory was poorly differentiated small-cell type carcinoma.

It is difficult to diagnose NENs preoperatively due to their
low incidence. A nationwide study for NEN reported that 1.8%
of all NENs originated from the biliary tract [12]. Several diag-
nostic imaging techniques, such as computed tomography (CT),
magnetic resonance image (MRI), and positron emission to-
mography, have been used to evaluate patients with NENs, but
each has some limitations, especially in cases of extrahepatic
bile duct NENs [12]. Endoscopic ultrasound or endoscopic ul-
trasound-guided biopsy has been effective in some specific cas-
es, such as in patients with tumors of AoV origin or those with
direct liver invasion [13]. Even in patients with tumors of AoV
origin, the biopsy confirmation rate for submucosal lesions
is relatively low, ranging from 14% to 66%. Also, a definitive
diagnosis using the mitotic count preoperatively is difficult
due to its low availability and accuracy [12]. In our study, six
patients were diagnosed with NENs preoperatively by biopsy;
however, accurate grading was not possible.

NEN management is complex; hence, adequate staging of the
lesion is needed for making a correct decision. Burns and Edil
[14] demonstrated that complete resection of resectable locore-
gional NENs achieved good outcomes. However, no rational
surgical strategy exists for several reasons, including the rarity
of the disease, inability to predict progression, and limited un-

derstanding of the biology of the lesion or predictive prognostic
factors [6]. In our study, two patients with GB and AoV lesions
underwent hepatopancreatoduodenectomy. They remained re-
currence-free for 153 months and 32 months, respectively. Our
outcomes indicate that surgery for patients with locoregional
NENs may improve the odds of survival if complete resection
is possible.

The incidence rate of LN metastases is approximately 50%
[15], resulting in recommendations with respect to the proce-
dure of choice for NEN treatment, such as radical LN dissec-
tion. But LN metastases was not a significant factor for long-
term survival. The American Joint Committee on Cancer TNM
and European Neuroendocrine Tumor Society staging systems
are limited in predicting the prognosis; thus an advanced stage
does not predict a worse prognosis. However, surgical resection
combined with regional LN dissection has been recommended
for treatment and staging [16]. Nine patients had LN metastases
in our study, and there was no significant difference in long-
term survival.

The stage-for-stage prognosis of gut NENs is better than that
for adenocarcinoma at similar sites. Poor prognostic factors
include advanced age, incomplete surgical resection, tumor
spread, and high-grade or poorly differentiated histology
[12,17]. In our analysis, advanced age (> 65 years), mitotic count
(> 20 per 2 mm?), and Ki67 > 20% had significant prognostic
values for OS rates. DFS-related factors were advanced age
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(> 65 years) and mitotic count (> 20 per 2 mm°).

Interestingly, in contrast to AoV lesions, non-AoV lesions had
pathologically different classifications according to the WHO
guidelines. NENs are slow growing in nature, and their early
detection during health screening or evaluation for other dis-
eases may not be easy. In our study, patients with advanced age
(> 65 years) were more frequently found in the non-AoV group
than in the AoV group (62.5% and 12.5%, p = 0.039). High Ki-
67 index (> 20%) and PNI were also more common in non-AoV
patients than in AoV patients (100% vs. 25%; and 87.5% vs. 0%,
respectively). One patient underwent R1 resection for a non-
AoV lesion remaining in the adenocarcinoma portion of the
remnant bile duct and died 12 months postoperatively.

Preoperative diagnosis of NENs remains difficult despite
developments in imaging studies. Cholangiocarcinoma pres-
ents significantly similar characteristics and morphology as
NENs when evaluated using various modalities, including
ultrasound, CT, or MRI. Endoscopic ultrasound-guided biopsy
is considered more useful in specific conditions [18]. However,
preoperative biopsy cannot accurately determine whether the
tumor is a NEN or NEC. In our study, preoperative biopsy con-
firmation was possible in only six patients and one patient in
the AoV and non-AoV groups, respectively.

Chromogranin A is elevated in 90% of gut NENs and is as-
sociated with tumor burden and recurrence. Therefore, serum
chromogranin A could be an effective biomarker for a more
accurate preoperative diagnosis of NENs. However, it has a
limitation of cost-effectiveness due to the rarity of extrahepatic
biliary NENs [19].

Clear treatment guidelines for NEN have not yet been clearly
established; however, complete surgical resection should be
performed for long-term survival, similar to other hepatobili-
ary malignant tumors. According to our experience, aggressive
adjuvant treatment can help to prevent recurrence of disease,
such as NEC or MiNEN. But, the roles of adjuvant radiother-
apy and chemotherapy in the management of NEC or MiNEN
remain unclear. Traditional radiotherapy is generally inef-
fective for treating NENs [20]. Iwasa et al. [21] retrospectively
examined the clinical data of 21 patients with unresectable or
recurrent poorly differentiated NEC arising from the hepatobi-
liary tract and pancreas and who received combination chemo-
therapy with cisplatin and etoposide as the first-line treatment.
Although no complete responses were obtained, three patients
had partial responses, resulting in an overall response rate of
14%.

The limitations of studies on NENs are mostly caused by the
rarity of the disease. In this study, we found several possible
predictive factors for survival and disease recurrence; however,
most of them could not be demonstrated accurately due to the
small number of patients. For these reasons, large-scale multi-
center studies are required.

In conclusion, AoV and non-AoV tumors had significant dif-
ferences in the histologic grade, Ki67, and PNI. Patients with

https://doi.org/10.14701/ahbps.23-045

non-AoV tumors had more risk factors for survival and recur-
rence than those with AoV tumors. Early detection of tumors,
adequate surgery, and aggressive adjuvant treatment for high-
risk patients are important to achieve long-term survival and
prevent the recurrence of extrahepatic biliary neuroendocrine
tumors.
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