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Abstract
Mixed neuroendocrine-non-neuroendocrine neoplasms (MiNEN) of the gallbladder are rare 
with no established therapeutic strategies. We report a case of recurrent gallbladder MiNEN 
from a population with a low incidence of gallbladder carcinomas, a review of the current 
therapeutic options, and recent updates on the nomenclature proposed by the World Health 
Organization in 2017. © 2021 The Author(s).

Published by S. Karger AG, Basel

Introduction

The gallbladder is an uncommon site for malignant neoplasms. Gallbladder carcinomas 
(GBCs) represent only 0.5% of all malignant tumors [1]. The global annual incidence rate is 
2.2 per 100,000 population [2]. In Saudi Arabia, the incidence rate of GBCs was reported in 
2014 to be lower, with 1.2 per 100,000 population in men, and 1.3 per 100,000 population in 
women [3]. Certain ethnicities show a higher incidence rate, for example South American 
Indian women (16–27/100,000) and East Indians (22/100,000) [4]. Multiple factors are 
considered to increase the GBC incidence rate, including gallstones, obesity, infection, female 
gender, Asian descent, and a low socioeconomic status [4].
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GBCs can arise in any part of the gallbladder, with the fundus the most frequent area 
(60%) [5]. Histopathologically, adenocarcinomas with their variants are the most frequent 
subtypes [1]. Other histological types include squamous cell carcinoma (<3%), small-cell 
carcinoma, and undifferentiated carcinoma. Neuroendocrine carcinomas are a different 
entity representing 0.5% of all GBCs [1]. GBCs are rarely a mixture of any of the epithelial 
variants of neuroendocrine carcinomas. Such tumors with a neuroendocrine and non-neuro-
endocrine carcinoma composition are classified as mixed neuroendocrine-non-neuroendo-
crine neoplasms (MiNENs) [6]. The latest 2017 World Health Organization (WHO) Blue Book 
for the classification of gastrointestinal tumors requires that each component constitute at 
least 30% of the overall tumor cells [6]. This entity is extremely rare and tends to have 
aggressive biological behavior associated with a poor prognosis. Here, we report a new case 
of a gallbladder MiNEN with a brief review of the recent updates in nomenclature and the 
current evidence about their management.

Case Presentation

A 69-year-old Saudi woman was admitted to our hospital with a right upper quadrant 
pain, associated with nausea and loss of appetite for about a month. The pain was aggravated 
by fatty food. Her medical and surgical history included type 2 diabetes mellitus, hyper-
tension, and dyslipidemia. There was no malignancy in the family history. The physical exam-
ination was unremarkable except for a mild tenderness over the right upper quadrant. The 
blood tests indicated an abnormal liver profile, including alanine aminotransferase 105 U/L 
(normal range 6–28), alkaline phosphatase 316 U/L (normal range 39–114), and total bili-
rubin 68.7 Umol/L (normal range 2.1–15.5). An abdominal ultrasonography revealed a 
distended gallbladder (15 × 5 cm) with an impacted stone at the neck of the common bile duct 
with intrahepatic duct dilatation. On the magnetic resonance cholangiopancreatography an 
infiltrative pattern was noticed at the hepatic hilum forming a circumferential thickening of 
the cystic duct, neck of the gallbladder, and the proximal common bile duct. A marked elevation 
of carbohydrate antigen 19-9 was present (1,880 IU/mL, normal range 0–47). She underwent 
an extended open cholecystectomy with a proximal bile duct excision, porta hepatis dissection, 
and hepatojejunostomy.

The pathological evaluation revealed a tumor consisting of two populations of neoplastic 
cells. The first consisted of tumor cells arranged in tubules and solid areas with cells showing 
round nuclei, prominent nucleoli, and a moderately vacuolated cytoplasm. This component 
represented a moderately differentiated adenocarcinoma, which constituted about 60% of 
the tumor. The second population of cells was formed of solid sheets with extensive areas of 
necrosis and scattered viable areas. The viable areas consisted of sheets of smaller-sized 
cells with salt-and-pepper chromatin and scant cytoplasm (Fig. 1). No other histological 
components were identified, in spite of extensive sampling of the tumor at 1 section/cm. 
Immunohistochemical stains showed the second population expressing neuroendocrine 
markers (synaptophysin and chromogranin; Ventana BenchMark Ultra, Ventana Medical 
Systems, Tucson, AZ, USA). The first population was negative for the two immunohisto-
chemical stains (Fig. 2). The Ki-67 score with immunohistochemistry was positive in 90% of 
the small-cell component, significantly higher than the Ki-67 score of 70% in the adenocar-
cinoma component.

Subsequent to the pathological report of MiNEN, a full radiological and laboratory workup 
for possible metastasis was performed but none was revealed. Twelve weeks later, she was 
admitted with a recurrent local extensive disease and ascending cholangitis. An abdominal 
CT scan (Fig. 3) showed extensive soft tissue thickening at the level of the gallbladder bed at 
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the region of the hepatojejunostomy, which demonstrated infiltration into segment 5 of the 
liver, which surrounds and infiltrates the confluence of the right and left hepatic ducts, causing 
significant intrahepatic biliary channel dilatation. The multidisciplinary team decision was 
not to start systemic therapy as the patient had a poor performance status, indicating possible 
poor tolerance and detrimental treatment effects. The patient was referred to palliative care 
services.

Fig. 2. Immunohistochemistry of the diffuse sheets of small-size tumor cells exhibit strong granular cytoplas-
mic and membranous positivity for synaptophysin (A) and nuclear positivity for Ki-67 in around 70% of tu-
mor cells (B). Original magnification, ×200.

Fig. 1. Histological section at the interface between adenocarcinoma and neuroendocrine components. Tu-
mor cells arranged in a tubular architecture, a feature of adenocarcinoma, infiltrate the muscularis propria 
of the gallbladder wall (black arrow). The neuroendocrine component at the interface shows infiltration of 
the gallbladder wall with morphologically distinct higher-grade tumor with areas of necrosis (arrow head), 
and few viable areas (asterisk). HE stain, ×100. Inset Viable areas of neuroendocrine component consisting 
of a nest of tumor cells in diffuse sheets formed of small round cells with round nuclei exhibiting salt-and-
pepper chromatin with frequent mitosis (>20 mitosis/hpf) and apoptosis. HE stain, ×200.
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Discussion

The concept of dual differentiation (exocrine and neuroendocrine) in gastrointestinal 
tumors was first introduced in 1924 [7]. In 1987, Lewin suggested a classification of mixed 
differentiation tumors including 3 classes: combined, collision, and amphicrine [8]. In 2010, 
the WHO classification for tumors considered any tumor with exocrine and nonendocrine 
components as mixed adenoneuroendocrine carcinoma (MANEC) [9]. However, in 2017, this 
nomenclature was changed from MANEC to MiNENs [6].

The redefined term avoids the confusion resulting from the MANEC terminology. The 
MANEC terminology only considered the adenocarcinoma component and excluded other 
non-adenocarcinoma components such as acinar or squamous cell carcinoma. In addition, 
MANEC confuses the mixed adenocarcinoma and neuroendocrine component with other 
entities such as goblet cell carcinoid (adenocarcinoid), which are less aggressive tumors. The 
term MiNENs is more inclusive and encompasses other non-adenocarcinoma components 
that can be present concurrently with neuroendocrine tumor components.

The MiNENs terminology requires that each individual component contain at least 30% 
of the total tumor cell population [6]. Our case histopathology consisted of an adenocar-
cinoma component occupying 60% of the tumor, with the remaining 40% occupied by the 
small cell neuroendocrine component. No other squamous cell or acinar components were 
identified. This cut-off value has been assigned arbitrarily to indicate the tumor load that is 
thought to affect the prognosis. When the neuroendocrine component does not comply with 
this condition (i.e., <30%), the tumor is known as a non-neuroendocrine neoplasm with a 
focal neuroendocrine component.

Generally, neuroendocrine tumors are assumed to stem from neural crest cells, frequently 
present in the respiratory and gastrointestinal tracts [1]. However, the origin of the neuroen-
docrine component in the gallbladder is uncertain because neuroendocrine cells are infre-
quently present in the gallbladder wall. Many theories have been proposed to describe the 
histogenesis of these tumors in the gallbladder. One theory suggests the independent devel-
opment of each component in the metaplasia-dysplasia-carcinoma sequence from dysplastic 
gastrointestinal or biliary epithelium [10]. A second theory is that MiNENs are the result of 
the trans-differentiation of adenocarcinomas [10, 11] and, lastly, the possibility that they 
originate from cancerous stem cells [1].

Fig. 3. A contrast-enhanced CT scan of the abdomen (axial, A, and coronal, B) post-gallbladder resection and 
common bile duct stent insertion, showing an infiltrative soft tissue mass (black arrow) at the gallbladder 
bed and porta hepatis around the stent and portal vein.
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Patients with gallbladder MiNEN usually present with non-specific clinical manifesta-
tions such as abdominal pain and jaundice. Laboratory and imaging tests, including ultra-
sound, abdominal CT scan, and magnetic resonance imaging, can be suggestive of ongoing 
neoplastic changes. In a case series of neuroendocrine tumors in the gallbladder, CT findings 
indicative of neuroendocrine tumors indicated the existence of large heterogeneous masses 
inside the gallbladder with enlarged metastatic lymph nodes [12].

MiNENs cannot be confirmed preoperatively as a pathological examination with immu-
nohistochemical staining for markers, most importantly synaptophysin and chromogranin, is 
required. Synaptophysin is a glycoprotein component of neuroendocrine secretory granules. 
A broad-spectrum neuroendocrine marker, SY38 antibody, is an immunohistochemical 
marker of synaptophysin, which has a higher sensitivity for neuroendocrine differentiation 
but a lower specificity than chromogranin. Positivity for synaptophysin alone is not enough 
to determine the neuroendocrine lineage. Within the proper histomorphological background, 
it is a useful marker of neuroendocrine differentiation. In one study, small-cell lung carci-
nomas were stained with synaptophysin in 79% of the cases, whereas chromogranin was 
positive in 47–60% of the cases [13, 14].

Our patient was diagnosed with recurrent extensive local disease. The non-specific 
symptoms, with the aggressive behavior of such tumors, delay the diagnosis in the early 
stages and worsen the prognosis. Unfortunately, due to the shortage of literature about locally 
recurrent gallbladder MiNEN, appropriate treatment is still debatable and usually person-
alized depending on each case’s clinical circumstances. Hepatectomy is a potential cure. 
Currently, there are two main management pathways. The first is the latest WHO recommen-
dation to treat MiNEN as adenocarcinomas or, secondly, to treat such tumors on the basis of 
which histological component is more aggressive, which is more frequently followed in biliary 
MiNENs due to the grade heterogeneity of both components [9, 15].

A patient with localized, histologically proven MiNENs with a high Ki-67, indicating aggressive 
disease, should consider surgery followed by adjuvant chemotherapy. Data of using systemic 
chemotherapy in recurrent/advanced MiNENs are lacking. The chemotherapy regimens used are 
usually extrapolated from larger series treating gastroenteropancreatic poorly differentiated 
neuroendocrine carcinomas [16–18]. Patients with advanced poorly differentiated gastroentero-
pancreatic neuroendocrine carcinomas are often treated as small cell carcinoma and have a high 
response to chemotherapy. Such a patient should be offered systemic chemotherapy as soon as 
they are clinically fit, since the performance status is considered an important prognostic factor. 
Other predictive factors for the response to chemotherapy include a higher level of Ki-67 [17]. 
Platinum (either cisplatin or carboplatin) and etoposide is a frequently used regimen with a 
median survival of 11 months [17, 18]. Other regimens include irinotecan and platinum, proven 
effective in patients of Asian descent [19]. Similar to small-cell lung cancer, patients with advanced 
MiNENs with a poorly differentiated neuroendocrine component tend to relapse quickly and the 
response to subsequent therapy is poor. Options include topotecan as a single agent versus a 
rechallenge with platinum and etoposide, if the relapse is more than 3 months after the first-line 
therapy [20]. Whenever it is possible, referral to a specialized center with a high volume of the 
specific disease may be a good alternative to improve the outcome.

Conclusion

We report a rare case of recurrent gallbladder MiNEN from a low-incidence population 
of GBCs, using the new 2017 WHO classification. More documentation of this rare entity of 
tumors would broaden our knowledge of its morphological types and direct future studies to 
investigate the histogenesis of these tumors, optimizing the current treatment.
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