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Abstract
The traditional diagnostic markers for mixed neuroendocrine-non-neuroendocrine neoplasms (MiNENs) are 
synaptophysin (SYP), chromogranin A (CHGA) and CD56. However, there is still a lack of a large series of article 
focused on the expression of insulinoma-associated protein 1 (INSM1) in gastrointestinal and pancreatic MiNENs. 
This study compared the expression of INSM1 and traditional neuroendocrine markers in MiNENs. In this study, we 
collected 46 cases of gastrointestinal and pancreatic MiNENs and performed immunohistochemical staining for 
INSM1, SYP, CHGA, and CD56. Histologically, the neuroendocrine components of MiNENs were all neuroendocrine 
carcinomas, with small cell neuroendocrine carcinomas accounting for 15.2% (7/46) and large cell neuroendocrine 
carcinomas accounting for 84.8% (39/46). With respect to immunohistochemical expression, the overall sensitivity 
of INSM1 was 80.4% (37/46), which was lower than that of SYP (100%, 46/46), but comparable to that of CHGA 
(67.4%, 31/46) or CD56 (73.9%, 34/46). The overall specificity of INSM1 was 91.3% (42/46), which was greater than 
that of SYP (63.0%, 29/46) and CD56 (69.6, 32/46), but was not significantly different from that of CHGA (82.6%, 
38/46). The proportion of 3 + staining for SYP (100%, 46/46) was greater than that of INSM1 (71.7, 33/46), while the 
proportion of 3 + staining for CHGA (10.9, 5/46) or CD56 (21.7, 10/46) was lower than that of INSM1. In conclusion, 
INSM1 exhibited high sensitivity and specificity in the diagnosis of gastrointestinal and pancreatic MiNENs.
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Introduction
Mixed neuroendocrine-non-neuroendocrine neoplasms 
(MiNENs) are epithelial tumours with a mixture of neu-
roendocrine components and non-neuroendocrine 
components, each accounting for at least 30%. The neu-
roendocrine component and non-neuroendocrine com-
ponent in MiNENs should be clearly distinguished based 
on histology and immunohistochemistry. Commonly 
used neuroendocrine markers include synaptophysin 
(SYP), chromogranin A (CHGA) and CD56. In diges-
tive system MiNENs, the neuroendocrine component is 
usually neuroendocrine carcinoma (NEC), while well-
differentiated neuroendocrine tumours are very rare 
[1]. NEC can be divided into small cell neuroendocrine 
carcinoma (SCNEC) and large cell neuroendocrine car-
cinoma (LCNEC). The non-neuroendocrine components 
of MiNENs are typically adenocarcinoma, squamous cell 
carcinoma, acinar cell carcinoma, or any other definable 
tumour category, as appropriate [2].

The insulinoma-associated protein 1 (INSM1) gene 
encodes a DNA-binding protein with five zinc finger 
domains and is highly evolutionarily conserved. INSM1 
expression exhibits strict tissue specificity. Early stud-
ies using in situ hybridization revealed that INSM1 
transcripts were specifically expressed in the forebrain, 
midbrain, hindbrain, olfactory epithelium, retina, cer-
ebellum, pancreas, thymus, thyroid, adrenal gland, and 
gastrointestinal tract neuroendocrine cells during foetal 
development [3]. INSM1 can be expressed in neuroendo-
crine neoplasms at multiple anatomical sites, such as the 
lung [4–6], digestive system [7–9], head and neck [10], 
skin [11, 12], prostate [13], and uterus [14]. To date, large 
studies on INSM1 expression in MiNENs of the gastroin-
testinal tract and pancreas are lacking. The main purpose 
of this study was to analyse the sensitivity and specificity 
of INSM1 expression in the neuroendocrine components 
of gastrointestinal and pancreatic MiNENs.

Materials and methods
Sample selection
This study was approved by the Fujian Provincial Hospi-
tal institutional review board for the protection of human 
subjects (Protocol code K2023-01-005). All patients were 
selected from the pathological database of Fujian Pro-
vincial Hospital from January 2011 to December 2022. 
According to the fifth edition of the World Health Orga-
nization (WHO) digestive system tumour definition of 
MiNENs (MiNENs are mixed epithelial neoplasms in 
which a neuroendocrine component is combined with a 
non-neuroendocrine component, each of which is mor-
phologically ( poorly formed trabeculae or sheets of 
poorly differentiated cells) and immunohistochemically 
(SYP and/or CHGA expression) recognizable as a dis-
crete component and constitutes > 30% of the neoplasm), 

and excludes neuroendocrine and non-neuroendocrine 
coexpression tumours and collision tumours, all patients 
did not receive neoadjuvant chemotherapy. A total of 
46 MiNEN cases were identified, including 1 case in the 
oesophagus, 17 cases in the oesophagogastric junction, 
23 cases in the stomach, 2 cases in the duodenum, 2 cases 
in the pancreas, and 1 case in the colon.

Immunohistochemical analysis
All tumours in each case were collected and each FFPE 
block of each tumour was subjected to IHC staining. 
The sections were cut at 4  μm and deparaffinized. IHC 
was conducted via the Roche Benchmark XT automated 
system (Roche, Basel, Switzerland) using INSM1, CD56, 
SYP and CHGA antibodies (antibody clones and proto-
cols in Supplementary material Table 1). The FFPE block 
containing the boundary zone between the neuroendo-
crine component and non-neuroendocrine component 
was subjected to Ki-67 IHC staining (antibody clones and 
protocols in Supplementary material Table 1). The per-
centage of tumour cells stained was scored in quartiles. 
No expression (Fig.  1A) was defined as 0, a value less 
than 10% (Fig. 1B) are defined as 1+, a value of 10–50% 
(Fig. 1C) are defined as 2+, and a value greater than 50% 
(Fig. 1D) are defined as 3+. The expression of neuroendo-
crine markers was defined as positive.

Statistical analysis
SPSS 27.0 software (IBM, Armonk, USA) and Prism 10.1 
software (GraphPad Software, California, USA) were 
used for the statistical analyses. Fisher’s exact test or chi-
square test was used to compare the sensitivity and speci-
ficity of different neuroendocrine markers and to analyse 
categorical variables. P < 0.05 was considered to indicate 
statistical significance.

Results
Clinical and pathological characteristics of 46 cases of 
gastrointestinal and pancreatic MiNENs (Table 1)
Histological analysis of MiNENs revealed that all of the 
neuroendocrine components were neuroendocrine 
cancer (NEC). Small cell neuroendocrine carcinoma 
(SCNEC) accounted for 15.2% (7/46) and large cell neu-
roendocrine carcinoma (LCNEC) accounted for 84.8% 
(39/46). The non-neuroendocrine components included 
adenocarcinoma (42/46), squamous cell carcinoma 
(2/46), and acinar cell carcinoma (2/46). The degree of 
differentiation for adenocarcinoma or squamous cell 
carcinoma was mainly moderately differentiated (Sup-
plementary material Table 4). Adenocarcinomas of the 
oesophagogastric junction and the stomach were tubu-
lar adenocarcinomas. We evaluated lymph node metas-
tasis in all cases and found that 37 cases had lymph 
node metastasis, including 5 cases (13.5%) with pure 
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neuroendocrine component metastasis, 25 cases (67.6%) 
with pure non-neuroendocrine component metastasis, 
and 7 cases (18.9%) with neuroendocrine component and 
non-neuroendocrine component metastasis.

Expression of INSM1, SYP, CHGA, and CD56 in the 
neuroendocrine components of gastrointestinal and 
pancreatic MiNENS (Table 2)
The neuroendocrine components of the MiNENs were 
NECs, including 7 cases (15.2%) of SCNEC (Fig. 2A) and 
39 cases (84.8%) of LCNEC (Fig. 2E). The mean for Ki-67 
expression index of the neuroendocrine components 
was 80% (ranged from 70 to 90%) (Supplementary mate-
rial Table 2).We conducted a statistical analysis of the 
expression of four neuroendocrine markers in SCNEC 
and LCNEC. For SCNEC, the expression rates of INSM1 
(Fig. 2B), SYP (Fig. 2C), CHGA (Fig. 2D) and CD56 were 
85.7% (6/7), 100% (7/7), 57.1% (4/7), and 85.7% (6/7), 
respectively. For LCNEC, the expression rates of INSM1 

(Fig. 2F), SYP (Fig. 2G), CHGA (Fig. 2H) and CD56 were 
79.5% (31/39), 100% (39/39), 69.2% (27/39), and 71.8% 
(28/39), respectively. Among all MiNEN neuroendocrine 
components, the overall expression rate of SYP (100%) 
was the highest, followed by INSM1 (80.4%), and the 
expression rates of CD56 (73.9%) and CHGA (67.4%) 
were relatively low. Among the MiNEN neuroendocrine 
components, the proportion of 3 + SYP-stained samples 
was 100% (46/46), but the percentages among INSM1-, 
CHGA-, and CD56-stained samples were 71.7% (33/46), 
10.9% (5/46), and 21.7% (10/46), respectively (Table  3). 
The proportion of 3 + staining of SYP was significantly 
greater than that of INSM1 (p < 0.001), while the pro-
portion of 3 + staining of CHGA (p < 0.001) or CD56 
(p < 0.001) was significantly lower than that of INSM1 
(Fig. 4E).

Fig. 1  Representative immunohistochemical expression levels of INSM1 in neuroendocrine components of gastrointestinal and pancreatic MiNENs. 
Percent of tumor cell staining was interpreted in quartiles: 0 (A), <10% (B), 10–50% (C), >50% (D)
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Expression of INSM1, SYP, CHGA, and CD56 in non-
neuroendocrine components of gastrointestinal and 
pancreatic MiNENS (Table 4)
Among the MiNEN cases analysed, non-neuroendocrine 
components were adenocarcinoma (42/46), squamous 
cell carcinoma (2/46), and acinar cell carcinoma (2/46). 
The mean for Ki-67 expression index of non-neuroen-
docrine components was 71% (ranged from 30 to 90%) 
(Supplementary material Table 2).For adenocarcinomas 
(Fig. 3A), the overall expression rates of INSM1 (Fig. 3B 
and Supplementary material Fig.  6B), SYP (Fig.  3C and 
Supplementary material Fig.  2A), CHGA (Fig.  3D and 
Supplementary material Fig.  2C) and CD56 (Supple-
mentary material Fig.  2D) were 7.1% (3/42), 35.7% 
(15/42), 19.0% (8/42) and 31.0% (13/42), respectively. 
With respect to squamous cell carcinoma (Fig.  3E), 
the expression rate of INSM1 (Fig.  3F) was 50% (1/2), 
whereas SYP (Fig. 3G), CHGA (Fig. 3H), and CD56 were 
not expressed. In acinar cell carcinoma (Fig.  3I), only 

SYP (Fig. 3K) and CD56 staining was observed, with no 
expression of INSM1 (Fig. 3J) and CHGA (Fig. 3L).

Sensitivity and specificity of INSM1, SYP, CHGA, and CD56 
in neuroendocrine components of gastrointestinal and 
pancreatic MiNENS (Table 5)
Among the neuroendocrine components of MiNENs, the 
overall sensitivity of INSM1 was 80.4% (37/46), which 
was lower than that of SYP (100%, 46/46, p = 0.003), but 
comparable to that of CHGA (67.4%, 31/46, p = 0.154) 
or CD56 (73.9%, 34/46, p = 0.456)(Fig.  4A). Owing to 
differences in tissue morphology between SCNEC and 
LCNEC, we assessed the expression sensitivity of the four 
antibodies. For SCNEC, the overall sensitivity of INSM1 
(85.7%, 6/7) was not significantly different from that of 
SYP (100%, 7/7, p = 0.999), CHGA (57.1%, 4/7, p = 0.559) 
or CD56 (85.7%, 6/7, p = 0.999) (Fig. 4C). For LCNEC, the 
overall sensitivity of INSM1 (79.5%, 31/39) was weaker 
than that of SYP (100%,39/39, p = 0.005), while there was 
no statistically significant difference in overall sensitivity 
compared with CHGA (69.2, 27/39, p = 0.437) or CD56 
(71.8%, 28/39, p = 0.599) (Fig. 4D). Among the neuroen-
docrine components of MiNENs, the overall specificity of 
INSM1 was 91.3% (42/46), which was greater than that 
of SYP (63.0%, 29/46, p = 0.001) and CD56 (69.6, 32/46, 
p = 0.009), but was not significantly different from that of 
CHGA (82.6%, 38/46, p = 0.216) (Fig.  4B). We also anal-
ysed the overall sensitivity and specificity of INSM1, 
SYP, CHGA and CD56 at a 10% cut-off value. The results 

Table 1  Clinical and pathological characteristics of 
gastrointestinal and pancreatic MiNENs (n = 46)
Variable Category n (%)
Gender

Male 38 (82.6)
Female 8 (17.4)

Age
≤ 35 1 (2.2)
35 ~ 60 11 (23.9)
>60 34 (73.9)

Primary tumour site
Oesophagus 1 (2.2)
Esophagogastric 
junction

17 (37.0)

Stomach 23 (50)
Duodenum 2 (4.3)
Pancreas 2 (4.3)
Colorectum 1 (2.2)

Histological type (Neuroendocrine 
components)

SCNEC 7 (15.2)
LCNEC 39 (84.8)

Histological type (Non-neuroendo-
crine components)

Adenocarcinoma 42 (91.4)
Squamous cell 
carcinoma

2 (4.3)

Acinar cell carcinoma 2 (4.3)
Lymph node metastasis

Pure neuroendocrine 
components

5 (13.5)

Pure non neuroendo-
crine components

25 (67.6)

Two components 7 (18.9)
SCNEC: Small cell neuroendocrine carcinoma; LCNEC: Large cell neuroendocrine 
carcinoma

Table 2  Expression of INSM1, SYP, CHGA, and CD56 in the 
neuroendocrine components of gastrointestinal and pancreatic 
MiNENs
Tumor Type Positive No./Total No. (%)

INSM1 SYP CHGA CD56
Oesophagus
SCNEC 1/1 (100) 1/1 (100) 0/1 (0) 1/1 (100)
Esophagogastric 
junction
SCNEC 2/3 (66.7) 3/3 (100) 1/3 (33.3) 2/3 (66.7)
LCNEC 11/14 (78.6) 14/14 

(100)
12/14 (85.7) 10/14 

(71.4)
Gastric
SCNEC 2/2 (100) 2/2 (100) 2/2 (100) 2/2 (100)
LCNEC 18/21 (85.7) 21/21 

(100)
14/21 (66.7) 15/21 

(71.4)
Duodenum
LCNEC 1/2 (50) 2/2 (100) 0/2 (0) 1/2 (50)
Pancreas
SCNEC 1/1 (100) 1/1 (100) 1/1 (100) 1/1 (100)
LCNEC 0/1 (0) 1/1 (100) 1/1 (100) 1/1 (100)
Colorectum
LCNEC 1/1 (100) 1/1 (100) 0/1 (0) 1/1 (100)
SCNEC: Small cell neuroendocrine carcinoma; LCNEC: Large cell neuroendocrine 
carcinoma. SYP: Synaptophysin; INSM1: Insulinoma-associated protein 1; CHGA: 
Chromogranin A
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revealed that the overall sensitivity of INSM1 was 78.3% 
(36/46), less than that of SYP (100%, 46/46, p < 0.001), 
but greater than that of CHGA (43.5%, 20/46, p < 0.001) 
and CD56 (56.5, 26/46, p = 0.026)(Supplementary mate-
rial Fig.  1A and Supplementary material Table 3); the 
overall specificity of INSM1 was 93.5% (43/46), which 
was greater than that of SYP (76.1%, 35/46, p = 0.020), but 
was not significantly different from that of CHGA (95.7%, 
44/46, p = 0.999) or CD56 (87.0%, 40/46, p = 0.485)(Sup-
plementary material Fig. 1B and Supplementary material 
Table 3).

Discussion
Mixed neuroendocrine-non-neuroendocrine neoplasms 
are tumours that differ in histological morphology and 
immunohistochemical expression from other neuroen-
docrine neoplasms and non-neuroendocrine neoplasms. 
The 2017 WHO Classification of Tumours of Endocrine 

Organs applied the term MiNEN for the first time in the 
classification of pancreatic tumours. Afterwards, in the 
fifth edition of the WHO’s Digestive System Tumours, 
the term MiNEN was also applied to all digestive system 
tumour classifications. In MiNENs, the histology and 
immunomarker expression of neuroendocrine compo-
nents are differ from those of non-neuroendocrine com-
ponents. The typical immunomarkers that distinguish 
neuroendocrine components from non-neuroendocrine 
components include SYP and CHGA. SYP exhibits stron-
ger sensitivity than the CHGA does, but the CHGA has 
stronger specificity [15–17]. Although the combination 
of two antibodies is beneficial for improving the speci-
ficity of neuroendocrine component diagnosis, SYP or 
CHGA is inexplicably expressed in non-neuroendocrine 
components. Therefore, the distinction between the 
neuroendocrine components and non-neuroendocrine 
components of MiNENs should be based not only on the 
expression of neuroendocrine markers but also on neuro-
endocrine morphology. The neuroendocrine components 
of MiNENs can only be identified when their immuno-
histochemical expression and morphology match those 
of neuroendocrine neoplasms. For the positivity of neu-
roendocrine markers in the absence of neuroendocrine 
morphology, the following vocabulary can be used for 
definition, such as carcinoma with interspersed neuroen-
docrine cells, amphicrine carcinoma, or carcinoma with 
variable or diffuse synaptophysin expression [18]. It is 
currently unclear whether the sensitivity and specificity 
of INSM1 meet the diagnostic requirements for neuro-
endocrine components in MiNENs. This study highlights 
several novel findings by analysing the clinical pathology 

Table 3  The staining score of INSM1, SYP, CHGA, and CD56 in 
neuroendocrine components of gastrointestinal and pancreatic 
MiNENs
Marker No. Positive/

Total No. (%)
Immunohistochemical staining No. 
Positive (%)
0 1+ 2+ 3+

INSM1 37/46 (80.4) 9 (19.6) 1 (2.2) 3 (6.5) 33 (71.7)
SYP 46/46 (100) 0 (0) 0 (0) 0 (0) 46 (100)
CHGA 31/46 (67.4) 15 (32.6) 11 

(23.9)
15 
(32.6)

5 (10.9)

CD56 34/46 (73.9) 12 (26.1) 8 (17.4) 16 
(34.8)

10 (21.7)

SYP: Synaptophysin; INSM1: Insulinoma-associated protein 1; CHGA: 
Chromogranin A

Fig. 2  Neuroendocrine component of gastrointestinal and pancreatic MiNEN is divided into SCNEC and LCNEC based on histological morphology. 
SCNEC displays fusiform nuclei with finely granular chromatin, and scant cytoplasm (A); LCNEC has round nuclei, sometimes with prominent nucleoli, 
and moderate amounts of cytoplasm (E). In our cases, SYP immunohistochemistry showed diffuse and strong positivity in both SCNEC (C) and LCNEC (G), 
but the expression of INSM1 (B and F) and CHGA (D and H) varied in different tumour tissues
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of 46 cases of gastrointestinal and pancreatic MiNENs 

and by comparing the expression of INSM1, SYP, CHGA 
and CD56.

In this cohort, MiNENs mainly occurred in the stom-
ach and oesophagogastric junction, accounting for 50% 
and 36.9%, respectively. In other studies, the propor-
tion of MiNENs in the colon and rectum was the highest 
[19, 20], possibly as a result of differences in nationali-
ties, environments, dietary habits or single-centre stud-
ies. Studies have shown that the overall sensitivity of 
INSM1 for gastrointestinal and pancreatic neuroendo-
crine neoplasms is 80.9–100%, with an overall specificity 
of 93–98% [7, 9, 15, 21–23]. The sensitivity of INSM1 in 
gastrointestinal and pancreatic neuroendocrine tumours 

Table 4  Expression of INSM1, SYP, CHGA, and CD56 in non-
neuroendocrine components of gastrointestinal and pancreatic 
MiNENs
Tumor Type Positive No./Total No. (%)

INSM1 SYP CHGA CD56
Oesophagus
Squamous cell carcinoma 1/1 (100) 0/1 (0) 0/1 (0) 0/1 

(0)
Esophagogastric junction
Adenocarcinoma 1/16 (6.3) 4/16 

(25)
3/16 
(18.8)

4/16 
(25)

Squamous cell carcinoma 0/1 (0) 0/1 (0) 0/1 (0) 0/1 
(0)

Gastric
Adenocarcinoma 2/23 (8.7) 10/23 

(43.5)
5/23 
(21.7)

7/23 
(30.4)

Duodenum
Adenocarcinoma 0/2 (0) 0/2 (0) 0/2 (0) 1/2 

(50)
Pancreas
Acinar cell carcinoma 0/2 (0) 2/2 

(100)
0/2 (0) 1/2 

(50)
Colorectum
Adenocarcinoma 0/1 (0) 1/1 

(100)
0/1 (0) 1/1 

(100)
SYP: Synaptophysin; INSM1: Insulinoma-associated protein 1; CHGA: 
Chromogranin A

Table 5  Sensitivity and specificity of INSM1, SYP, CHGA, and 
CD56 in neuroendocrine components of gastrointestinal and 
pancreatic MiNENs

No. Positive/Total No. (%)
INSM1 SYP CHGA CD56

Overall sensitivity 37/46 (80.4) 46/46 (100) 31/46 
(67.4)

34/46 
(73.9)

Overall specificity 42/46 (91.3) 29/46 (63.0) 38/46 
(82.6)

32/46 
(69.6)

Sensitivity, SCNEC 6/7 (85.7) 7/7 (100) 4/7 (57.1) 6/7 (85.7)
Sensitivity, LCNEC 31/39 (79.5) 39/39 (100) 27/39 

(69.2)
28/39 

(71.8)
SCNEC: Small cell neuroendocrine carcinoma; LCNEC: Large cell neuroendocrine 
carcinoma. SYP: Synaptophysin; INSM1: Insulinoma-associated protein 1; CHGA: 
Chromogranin A

Fig. 3  In our cases, non-neuroendocrine components of MiNENs included adenocarcinoma (A), squamous cell carcinoma (E), and acinar cell carcinoma 
(I). In adenocarcinomas, the negative rates of INSM1 (B), SYP (C), and CHGA (D) were 92.9%, 64.3%, and 81.0%, respectively. In squamous cell carcinomas, 
the negative rates of INSM1 (F), SYP (G), and CHGA (H) are 50%, 100%, and 100%, respectively. In acinar cell carcinomas, only SYP (K) expression was found, 
while INSM1 (J) and CHGA (L) were not expressed
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and neuroendocrine carcinomas is equivalent, with val-
ues ranging from 82.9 to 86.4% and 76.9–85% [15, 23], 
respectively. However, in these studies of INSM1, the 
number of MiNEN cases accounted for a small propor-
tion and had not yet been extensively reported. By ana-
lysing the expression of neuroendocrine markers in 
gastrointestinal and pancreatic MiNENs, we found that 

the overall sensitivity of INSM1 for gastrointestinal and 
pancreatic MiNEN neuroendocrine components was 
lower than that of SYP, but comparable to that of CHGA 
or CD56. MiNENs are different from non-neuroendo-
crine neoplasms. On the one hand, MiNEN contains both 
neuroendocrine and non-neuroendocrine components, 
and both components have monoclonal origins; on the 

Fig. 4  Sensitivity and specificity of INSM1, SYP, CHGA, and CD56 in neuroendocrine components of gastrointestinal and pancreatic MiNENs. The overall 
sensitivity of INSM1, SYP, CHGA, and CD56 in neuroendocrine components of gastrointestinal and pancreatic MiNENs (A). The overall specificity of INSM1, 
SYP, CHGA, and CD56 in neuroendocrine components of gastrointestinal and pancreatic MiNENs (B). The overall sensitivity of INSM1, SYP, CHGA, and 
CD56 in SCNEC components of gastrointestinal and pancreatic MiNENs. (C). The overall sensitivity of INSM1, SYP, CHGA, and CD56 in LCNEC components 
of gastrointestinal and pancreatic MiNENs (D). The proportion of 3 + staining of INSM1, SYP, CHGA, and CD56 in neuroendocrine components of gastro-
intestinal and pancreatic MiNENs (E)
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other hand, the molecular events of MiNENs differ from 
those of non-neuroendocrine neoplasms [1]. In order to 
better elucidate the specific expression of INSM1, SYP, 
CHGA and CD56 in the neuroendocrine components 
of MiNENs, we did not select non-neuroendocrine neo-
plasms but rather non-neuroendocrine components of 
MiNENs. The results indicated that the overall specific-
ity of INSM1 was greater than that of SYP or CD56, but 
was not significantly different from that of CHGA. In all 
MiNEN cases, the neuroendocrine components were 
all neuroendocrine carcinomas. Neuroendocrine carci-
noma can be divided into small cell neuroendocrine car-
cinoma and large cell neuroendocrine carcinoma based 
on histological morphology. Among our cases, neuroen-
docrine carcinomas were mainly composed of large cell 
neuroendocrine carcinomas. This finding was similar 
to the research results of other scholars [19, 24–29]. In 
MiNENs, it has not been reported whether the sensitivity 
of INSM1 differs from that of SYP, CHGA, or CD56 due 
to histological differences between SCNEC and LCNEC. 
We found that for SCNEC, the overall sensitivity of 
INMS1 was comparable to that of SYP, CHGA, or CD56, 
while for LCNEC, the overall sensitivity of INSM1 was 
weaker than that of SYP and was not significantly differ-
ent from CHGA or CD56.

In addition to confirming the neuroendocrine com-
ponents of MiNENs, another important aspect was 
determining the proportion of the neuroendocrine com-
ponents of MiNENs. Among our cases, SYP showed dif-
fuse positivity in the neuroendocrine components of all 
MiNENs, and the proportion of 3 + SYP-stained samples 
was greater than that of INSM1-stained samples, but 
the proportion of 3 + staining CHGA-stained or CD56-
stained samples was lower than that of INSM1-stained 
samples. When the non-neuroendocrine component was 
differentiated adenocarcinoma, due to the high sensitiv-
ity of SYP and the histological characteristics of neuroen-
docrine components, SYP was the most suitable indicator 
for evaluating the proportion of neuroendocrine compo-
nents. When the non-neuroendocrine component was 
poorly differentiated adenocarcinoma, although SYP 
had higher sensitivity, INSM1 had higher specificity and 
a high proportion of 3 + staining, and for the cases with 
INSM1 3 + staining, especially when SYP and INSM1 
expression were inconsistent, INSM1 was more suitable 
as an indicator to evaluate the proportion of neuroen-
docrine components. However, for MiNEN with poorly 
differentiated adenocarcinoma and INSM1 was not 
expressed or expressed at a low level (1 + or 2+) in neuro-
endocrine component, the proportion of neuroendocrine 
component should be determined by combining the SYN 
positive percentage and histological characteristics of 
neuroendocrine neoplasms.

Our study has some limitations. First, although the 
analysis was used a retrospective design with a limited 
sample size, our sample size is the largest compared to 
previous reports. Second, there was relatively small num-
ber of MiNENs in the colon and pancreas. Third, Our 
study belonged to a single-centre research, and further 
validation of the sensitivity and the specificity of INSM1 
in the neuroendocrine components of gastrointesti-
nal and pancreatic MiNENs was needed from multiple 
centres.

In conclusion, INSM1 exhibited high sensitivity and 
specificity in the diagnosis of gastrointestinal and pancre-
atic MiNENs, and the combined application of INSM1, 
SYP, and CHGA was beneficial for improving the the cor-
rect diagnosis of neuroendocrine components in gastro-
intestinal and pancreatic MiNENs.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13000-024-01568-0.

Supplementary Material 1: Supplementary material Table 1: Immunohisto-
chemistry methodology.

Supplementary Material 2: Supplementary material Table 2: The Ki-67 ex-
pression index of neuroendocrine components and non-neuroendocrine 
components of gastrointestinal and pancreatic MiNENs.

Supplementary Material 3: Supplementary material Table 3: Sensitivity and 
specificity of 10% cut-off for INSM1, SYP, CHGA, and CD56 in neuroendo-
crine components of gastrointestinal and pancreatic MiNENs.

Supplementary Material 4: Supplementary material Table 4: The degree 
of differentiation for adenocarcinoma and squamous cell carcinoma in 
gastrointestinal and pancreatic MiNENs.

Supplementary Material 5: Supplementary material Fig. 1: Sensitivity and 
specificity of 10% cut-off for INSM1, SYP, CHGA, and CD56 in neuroendo-
crine components of gastrointestinal and pancreatic MiNENs. The overall 
sensitivity of INSM1, SYP, CHGA, and CD56 in neuroendocrine components 
of gastrointestinal and pancreatic MiNENs (A). The overall specificity of 
INSM1, SYP, CHGA, and CD56 in neuroendocrine components of gastroin-
testinal and pancreatic MiNENs (B).

Supplementary Material 6: Supplementary material Fig. 2: The expression 
of SYP (A), INSM1 (B), CHGA (C), and CD56 (D) in adenocarcinoma.

Supplementary Material 7: Supplementary material Fig. 3: The ROC curve 
illustrated the diagnostic performance of INSM1 when comparing neuro-
endocrine components and non-neuroendocrine components in MiNENs. 
Area under the curve (AUC) was found for INSM1: 0.89 (95% CI, 0.82–0.97).

Acknowledgements
None.

Author contributions
Gao rui, and Zhang Xi collected patient data and samples, and participated 
in the writing of the manuscript. Chen Xi, Jin Long and Lin Ying performed 
histopathological and immunohistochemical analyses. Yu Xunbin and Zheng 
Huawei performed tissue sectioning and immunohistochemical staining.

Funding
The current study was supported by Startup Fund for scientific research, Fujian 
Medical University (Grant No. 2022QH1288).

https://doi.org/10.1186/s13000-024-01568-0
https://doi.org/10.1186/s13000-024-01568-0


Page 9 of 9Gao et al. Diagnostic Pathology          (2024) 19:144 

Data availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Institutional Review Board of Fujian Provincial 
Hospital (protocol code No.K2023-01-005) and obtained the consent of all 
participants.

Competing interests
The authors declare no competing interests.

Received: 8 August 2024 / Accepted: 24 October 2024

References
1.	 IARC WHO Classification of Tumours. WHO Classification of Tumours. Diges-

tive System Tumours. Fifth Edition—WHO—OMS—(Volume 1) WHO; Lyon, 
France. (2019).

2.	 Frizziero M, Chakrabarty B, Nagy B et al. Mixed Neuroendocrine Non-Neuro-
endocrine Neoplasms: A Systematic Review of a Controversial and Underesti-
mated Diagnosis. J Clin Med. (2020) Jan 19;9(1):273. https://doi.org/10.3390/
jcm9010273

3.	 Duggan A, Madathany T, de Castro SC et al. Transient expression of the 
conserved zinc finger gene INSM1 in progenitors and nascent neurons 
throughout embryonic and adult neurogenesis. J Comp Neurol. (2008) Apr 
1;507(4):1497 – 520. https://doi.org/10.1002/cne.21629

4.	 Mukhopadhyay S, Dermawan JK, Lanigan CP, Farver CF. Insulinoma-associ-
ated protein 1 (INSM1) is a sensitive and highly specific marker of neuroendo-
crine differentiation in primary lung neoplasms: an immunohistochemical 
study of 345 cases, including 292 whole-tissue sections. Mod Pathol. 
2019;32(1):100–9. https://doi.org/10.1038/s41379-018-0122-7.

5.	 Fujino K, Motooka Y, Hassan WA, et al. Insulinoma-Associated Protein 1 Is a 
Crucial Regulator of Neuroendocrine Differentiation in Lung Cancer. Am J 
Pathol. 2015;185(12):3164–77. https://doi.org/10.1016/j.ajpath.2015.08.018.

6.	 Švajdler M, Mezencev R, Šašková B, et al. Triple marker composed of p16, 
CD56, and TTF1 shows higher sensitivity than INSM1 for diagnosis of 
pulmonary small cell carcinoma: proposal for a rational immunohistochemi-
cal algorithm for diagnosis of small cell carcinoma in small biopsy and 
cytology specimens. Hum Pathol. 2019;85:58–64. https://doi.org/10.1016/j.
humpath.2018.10.016.

7.	 Takase Y, Naito Y, Okabe Y, et al. Insulinoma-associated protein 1 expression 
in pancreatic neuroendocrine tumours in endoscopic ultrasound-guided 
fine-needle aspiration cytology: An analysis of 14 patients. Cytopathology. 
2019;30(2):194–200. https://doi.org/10.1111/cyt.12640.

8.	 Tanigawa M, Nakayama M, Taira T, et al. Insulinoma-associated protein 1 
(INSM1) is a useful marker for pancreatic neuroendocrine tumor. Med Mol 
Morphol. 2018;51(1):32–40. https://doi.org/10.1007/s00795-017-0167-6.

9.	 González I, Lu HC, Sninsky J, et al. Insulinoma-associated protein 1 expression 
in primary and metastatic neuroendocrine neoplasms of the gastrointestinal 
and pancreaticobiliary tracts. Histopathology. 2019;75(4):568–77. https://doi.
org/10.1111/his.13899.

10.	 Rooper LM, Bishop JA, Westra WH. INSM1 is a Sensitive and Specific Marker of 
Neuroendocrine Differentiation in Head and Neck Tumors. Am J Surg Pathol. 
2018;42(5):665–71. https://doi.org/10.1097/PAS.0000000000001037.

11.	 Lilo MT, Chen Y, LeBlanc RE. INSM1 Is More Sensitive and Interpretable than 
Conventional Immunohistochemical Stains Used to Diagnose Merkel Cell 
Carcinoma. Am J Surg Pathol. 2018;42(11):1541–8. https://doi.org/10.1097/
PAS.0000000000001136.

12.	 Rush PS, Rosenbaum JN, Roy M, et al. Insulinoma-associated 1: A novel 
nuclear marker in Merkel cell carcinoma (cutaneous neuroendocrine carci-
noma). J Cutan Pathol. 2018;45(2):129–35. https://doi.org/10.1111/cup.13079.

13.	 Xin Z, Zhang Y, Jiang Z, et al. Insulinoma-associated protein 1 is a novel sensi-
tive and specific marker for small cell carcinoma of the prostate. Hum Pathol. 
2018;79:151–9. https://doi.org/10.1016/j.humpath.2018.05.014.

14.	 Kuji S, Watanabe R, Sato Y, et al. A new marker, insulinoma-associated 
protein 1 (INSM1), for high-grade neuroendocrine carcinoma of the uterine 
cervix: Analysis of 37 cases. Gynecol Oncol. 2017;144(2):384–90. https://doi.
org/10.1016/j.ygyno.2016.

15.	 McHugh KE, Mukhopadhyay S, Doxtader EE et al. INSM1 Is a Highly Specific 
Marker of Neuroendocrine Differentiation in Primary Neoplasms of the 
Gastrointestinal Tract, Appendix, and Pancreas. Am J Clin Pathol. (2020) May 
5;153(6):811–820. https://doi.org/10.1093/ajcp/aqaa014

16.	 Sakakibara R, Kobayashi M, Takahashi N, et al. Insulinoma-associated Protein 
1 (INSM1) Is a Better Marker for the Diagnosis and Prognosis Estimation 
of Small Cell Lung Carcinoma Than Neuroendocrine Phenotype Markers 
Such as Chromogranin A, SYPaptophysin, and CD56. Am J Surg Pathol. 
2020;44(6):757–64. https://doi.org/10.1097/PAS.0000000000001444.

17.	 Staaf J, Tran L, Söderlund L et al. Diagnostic Value of Insulinoma-Associated 
Protein 1 (INSM1) and Comparison With Established Neuroendocrine Markers 
in Pulmonary Cancers. Arch Pathol Lab Med. (2020) Sep 1;144(9):1075–1085. 
https://doi.org/10.5858/arpa.2019-0250-OA

18.	 Rindi G, Mete O, Uccella S et al. Overview of the 2022 WHO Classification 
of Neuroendocrine Neoplasms. Endocr Pathol. (2022) Mar;33(1):115–154. 
https://doi.org/10.1007/s12022-022-09708-2

19.	 Milione M, Maisonneuve P, Pellegrinelli A, et al. Ki67 proliferative index of the 
neuroendocrine component drives MANEC prognosis. Endocr Relat Cancer. 
2018;25(5):583–93. https://doi.org/10.1530/ERC-17-0557.

20.	 Frizziero M, Wang X, Chakrabarty B, et al. Mixed adeno-neuroendocrine 
carcinoma (MANEC) of the gastroenteropancreatic (GEP) tract: A multicentre 
retrospective study. Ann Oncol. 2017;28. https://doi.org/10.1093/annonc/
mdx368. Suppl. 5).

21.	 Fujino K, Yasufuku K, Kudoh S, et al. INSM1 is the best marker for the diagnosis 
of neuroendocrine tumors: comparison with CHGA, SYP and CD56. Int J Clin 
Exp Pathol. 2017;10(5):5393–405.

22.	 Kim D, Viswanathan K, Goyal A, Rao R. Insulinoma-associated protein 1 
(INSM1) is a robust marker for identifying and grading pancreatic neuro-
endocrine tumors. Cancer Cytopathol. 2020;128(4):269–77. https://doi.
org/10.1002/cncy.22242.

23.	 Wang J, Wang B, Gou S, et al. Diagnostic value of INSM1 in gastroenteropan-
creatic neuroendocrine neoplasms. Chin J Clin Exp Pathol. 2019;35:407–11.

24.	 Watanabe J, Suwa Y, Ota M, et al. Clinicopathological and Prognostic Evalua-
tions of Mixed Adenoneuroendocrine Carcinoma of the Colon and Rectum: 
A Case-Matched Study. Dis Colon Rectum. 2016;59(12):1160–7. https://doi.
org/10.1097/DCR.0000000000000702.

25.	 Woischke C, Schaaf CW, Yang HM, et al. In-depth mutational analyses of 
colorectal neuroendocrine carcinomas with adenoma or adenocarcinoma 
components. Mod Pathol. 2017;30(1):95–103. https://doi.org/10.1038/
modpathol.2016.150.

26.	 Nie L, Li M, He X et al. Gastric mixed adenoneuroendocrine carcinoma: cor-
relation of histologic characteristics with prognosis. Ann Diagn Pathol (2016) 
Dec;25:48–53. https://doi.org/10.1016/j.anndiagpath

27.	 Carboni F, Valle M, Russo A. Mixed adenoneuroendocrine carcinoma of 
the cecum. Clin Res Hepatol Gastroenterol. 2019;43(6):627–9. https://doi.
org/10.1016/j.clinre.2019.02.002.

28.	 Farooq F, Zarrabi K, Sweeney K, et al. Multiregion Comprehensive Genomic 
Profiling of a Gastric Mixed Neuroendocrine-Nonneuroendocrine Neoplasm 
with Trilineage Differentiation. J Gastric Cancer. 2018;18(2):200–7. https://doi.
org/10.5230/jgc.2018.18.e16.

29.	 Chen I, Zhang D, Velez M, et al. Poorly differentiated neuroendocrine carcino-
mas of the gastrointestinal tract: A single-institute study of 43 cases. Pathol 
Res Pract. 2021;226:153614. https://doi.org/10.1016/j.prp.2021.153614.

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

https://doi.org/10.3390/jcm9010273
https://doi.org/10.3390/jcm9010273
https://doi.org/10.1002/cne.21629
https://doi.org/10.1038/s41379-018-0122-7
https://doi.org/10.1016/j.ajpath.2015.08.018
https://doi.org/10.1016/j.humpath.2018.10.016
https://doi.org/10.1016/j.humpath.2018.10.016
https://doi.org/10.1111/cyt.12640
https://doi.org/10.1007/s00795-017-0167-6
https://doi.org/10.1111/his.13899
https://doi.org/10.1111/his.13899
https://doi.org/10.1097/PAS.0000000000001037
https://doi.org/10.1097/PAS.0000000000001136
https://doi.org/10.1097/PAS.0000000000001136
https://doi.org/10.1111/cup.13079
https://doi.org/10.1016/j.humpath.2018.05.014
https://doi.org/10.1016/j.ygyno.2016
https://doi.org/10.1016/j.ygyno.2016
https://doi.org/10.1093/ajcp/aqaa014
https://doi.org/10.1097/PAS.0000000000001444
https://doi.org/10.5858/arpa.2019-0250-OA
https://doi.org/10.1007/s12022-022-09708-2
https://doi.org/10.1530/ERC-17-0557
https://doi.org/10.1093/annonc/mdx368
https://doi.org/10.1093/annonc/mdx368
https://doi.org/10.1002/cncy.22242
https://doi.org/10.1002/cncy.22242
https://doi.org/10.1097/DCR.0000000000000702
https://doi.org/10.1097/DCR.0000000000000702
https://doi.org/10.1038/modpathol.2016.150
https://doi.org/10.1038/modpathol.2016.150
https://doi.org/10.1016/j.anndiagpath
https://doi.org/10.1016/j.clinre.2019.02.002
https://doi.org/10.1016/j.clinre.2019.02.002
https://doi.org/10.5230/jgc.2018.18.e16
https://doi.org/10.5230/jgc.2018.18.e16
https://doi.org/10.1016/j.prp.2021.153614

	﻿Comparison of insulinoma-associated protein 1 (INSM1) with traditional neuroendocrine markers in gastrointestinal and pancreatic mixed neuroendocrine-non-neuroendocrine neoplasms (MiNENs)
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Sample selection
	﻿Immunohistochemical analysis
	﻿Statistical analysis

	﻿Results
	﻿Clinical and pathological characteristics of 46 cases of gastrointestinal and pancreatic MiNENs (Table ﻿1﻿﻿﻿﻿﻿)
	﻿Expression of INSM1, SYP, CHGA, and CD56 in the neuroendocrine components of gastrointestinal and pancreatic MiNENS (Table ﻿2﻿﻿﻿﻿﻿)
	﻿Expression of INSM1, SYP, CHGA, and CD56 in non-neuroendocrine components of gastrointestinal and pancreatic MiNENS (Table ﻿4﻿﻿﻿﻿﻿)
	﻿Sensitivity and specificity of INSM1, SYP, CHGA, and CD56 in neuroendocrine components of gastrointestinal and pancreatic MiNENS (Table ﻿5﻿﻿﻿﻿﻿)

	﻿Discussion
	﻿References


