
The Journal of Pathology: Clinical Research
J Pathol Clin Res November 2023; 9: 498–509
Published online 22 August 2023 in Wiley Online Library
(wileyonlinelibrary.com). DOI: 10.1002/cjp2.339

ORIGINAL ARTICLE

High expression of insulinoma-associated protein 1 (INSM1)
distinguishes colorectal mixed and pure neuroendocrine
carcinomas from conventional adenocarcinomas with diffuse
expression of synaptophysin
Anne-Sophie Litmeyer1†, Björn Konukiewitz2,3†, Atsuko Kasajima3, Sebastian Foersch4, Felix Schicktanz3,
Maxime Schmitt3, Franziska Kellers2, Albert Grass1, Paul Jank1 , Bettina Lehman5, Thomas M Gress6,
Anja Rinke6, Detlef K Bartsch5, Carsten Denkert1, Wilko Weichert3, Günter Klöppel3 and
Moritz Jesinghaus1,3*

1Institute of Pathology, Phillips University Marburg and University Hospital Marburg, Marburg, Germany
2Department of Pathology, University Hospital Schleswig-Holstein, Campus Kiel, Christian-Albrechts-Universität zu Kiel, Kiel, Germany
3Institute of Pathology, Technical University of Munich, Munich, Germany
4Institute of Pathology, University Hospital Mainz, Mainz, Germany
5Department of Surgery, Phillips University Marburg and University Hospital Marburg, Marburg, Germany
6Department of Gastroenterology, Endocrinology and Infectious Diseases, Phillips University Marburg and University Hospital Marburg,
Marburg, Germany

*Correspondence to: Moritz Jesinghaus, Institute of Pathology, Phillips University Marburg and University Hospital Marburg, Marburg, Germany.
E-mail: moritz.jesinghaus@uni-marburg.de

†These authors contributed equally to this work.

Abstract
Complementary to synaptophysin and chromogranin A, insulinoma-associated protein 1 (INSM1) has emerged
as a sensitive marker for the diagnosis of neuroendocrine neoplasms. Since there are no comparative data
regarding INSM1 expression in conventional colorectal adenocarcinomas (CRCs) and colorectal mixed
adenoneuroendocrine carcinomas/neuroendocrine carcinomas (MANECs/NECs), we examined INSM1 in a large
cohort of conventional CRCs and MANECs/NECs. In conventional CRC, we put a special focus on conventional
CRC with diffuse expression of synaptophysin, which carry the risk of being misinterpreted as a MANEC or a
NEC. We investigated INSM1 according to the immunoreactive score in our main cohort of 1,033 conventional
CRCs and 21 MANECs/NECs in comparison to the expression of synaptophysin and chromogranin A and
correlated the results with clinicopathological parameters and patient survival. All MANECs/NECs expressed
INSM1, usually showing high or moderate expression (57% high, 34% moderate, and 9% low), which distin-
guished them from conventional CRCs, which were usually INSM1 negative or low, even if they diffusely
expressed synaptophysin. High expression of INSM1 was not observed in conventional CRCs. Chromogranin A
was negative/low in most conventional CRCs (99%), but also in most MANECs/NECs (66%). Comparable
results were observed in our independent validation cohorts of conventional CRC (n = 274) and MANEC/NEC
(n = 19). Similar to synaptophysin, INSM1 expression had no prognostic relevance in conventional CRCs, while
true MANEC/NEC showed a highly impaired survival in univariate and multivariate analyses (e.g. disease-
specific survival: p < 0.001). MANECs/NECs are a highly aggressive variant of colorectal cancer, which must be
reliably identified. High expression of INSM1 distinguishes MANEC/NEC from conventional CRCs with diffuse
expression of the standard neuroendocrine marker synaptophysin, which do not share the same dismal prognosis.
Therefore, high INSM1 expression is a highly specific/sensitive marker that is supportive for the diagnosis of true
colorectal MANEC/NEC.
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Introduction

Colorectal mixed adenoneuroendocrine carcinomas
(MANECs) and neuroendocrine carcinomas (NECs)
are rare histological subtypes of colorectal carcinoma
with distinctive morphology and prognosis [1–3].
Although genetically related [4], they behave more
aggressively than conventional colorectal adenocarci-
nomas (CRCs) [5] and are treated differently [6]. A
safe distinction of conventional CRCs from MANECs/
NECs is therefore of great importance.
Despite their glandular, non-neuroendocrine mor-

phology, positivity for the neuroendocrine marker
synaptophysin is often found in conventional CRCs,
usually in the form of scattered positive cells [7].
However, in a small fraction of conventional CRCs,
synaptophysin is diffusely expressed. Adenocarcinomas
with a neuroendocrine component that accounts for more
than 30% of the tumor theoretically fulfill the immuno-
histochemical criteria of a MANEC according to the cur-
rent WHO classification. Therefore, conventional CRCs
in which the number of synaptophysin positive cells
reaches or even exceeds this 30% threshold may be
highly problematic regarding their classification [3,7],
especially if they have an ambiguous morphology.
In a previous study, we were able to demonstrate

that conventional CRCs with diffuse expression of
synaptophysin do not have the same poor outcome as
true MANECs/NECs, which reveal their inherent
neuroendocrine nature by the presence of a large cell
or small cell carcinoma component, which is already
appreciable in hematoxylin–eosin (H&E) stained
sections [3,7,8].
In addition to the traditional neuroendocrine markers

synaptophysin and chromogranin A, insulinoma-
associated protein 1 (INSM1), a zinc-finger tran-
scription factor that regulates neuroendocrine cell
differentiation [9], has been established as a comple-
mentary marker for the diagnosis of neuroendocrine
neoplasms [10]. While high sensitivity and specificity
[10–19] of INSM1 expression have been reported for
neuroendocrine neoplasms from various anatomic sites,
a specific evaluation of INSM1 expression in colorectal
MANECs/NECs is still lacking. Furthermore, there are
no data regarding the frequency and prognostic relevance
of INSM1 expression in conventional CRCs and it is
also not known whether INSM1 expression in conven-
tional CRCs and MANECs/NECs is fully comparable to
the expression of the traditional neuroendocrine markers
synaptophysin/chromogranin A.
To answer these questions, we investigated the

frequency and the extent of INSM1 expression according
to the immunoreactive score (IRS) [20] in our main

cohort of 1,033 conventional colorectal carcinomas
and 21 colorectal MANECs/NECs, and in two separate
validation collectives (validation cohort 1: conventional
CRC, validation cohort 2: MANEC/NEC). In the large
main cohort of 1,054 cancers, we then correlated the
results with clinicopathological parameters, expression
of synaptophysin/chromogranin A, and patient survival.
We put special emphasis on the expression of INSM1
in conventional CRCs with diffuse expression of
synaptophysin, in order to find out whether INSM1
could be diagnostically useful for the distinction of
these neoplasms from MANEC/NEC.

Materials and methods

Main cohort
The main cohort included 1,054 colorectal carcinomas
from the University Hospital rechts der Isar of the
Technical University Munich (n = 1,044, conventional
CRC and MANEC/NEC) and the University Hospital
Marburg (n = 10, MANEC/NEC), which were surgically
resected from 1997 to 2022. Patients with other neo-
plasms of the colorectal system (e.g. well-differentiated
neuroendocrine tumors, nonepithelial tumors, etc.),
appendiceal neoplasms, incomplete clinicopathological/
survival data, or insufficient tissue on the constructed
tissue microarray (TMA) were excluded. Survival data
as well as clinicopathological characteristics from all
patients were extracted from the Munich Cancer
Registry or from hospital records. All recorded patient
deaths were noted for overall survival (OS), and only
tumor-associated deaths were recorded as events for
disease-specific survival (DSS). An event for disease-
free survival (DFS) was defined as either locoregional
or distant recurrence. For all survival comparisons, the
endpoints were either events or a loss of follow-up.
In this case, the patients were censored at the time of
the last available entry regarding the specific patient
or after a maximum follow-up of 120 months. The
treatment concepts of included patients followed
internal policies, which were based on the given
German guidelines at the time of diagnosis, generally
meaning that all patients were intended to receive
stage-adapted treatment.
Our cohort comprised 1,033 conventional CRC,

which we defined as colorectal adenocarcinomas
[adenocarcinomas, not otherwise specified (NOS) and
variants according to the WHO classification] [3] with-
out histological features suggestive of a NEC on H&E
staining. In addition, we investigated 21 colorectal
tumors which were diagnosed as MANECs/NECs, in
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which more than 30% of the tumor cell population
showed the typical histology of a large or small cell
NEC on H&E staining, which was immunohisto-
chemically confirmed by the expression of synaptophysin
(and/or chromogranin A). In accordance with the criteria
given by the WHO classification, small cell NECs were
composed of small to medium sized cells with scant
basophilic cytoplasm, elongated hyperchromatic nuclei
without distinctive nucleoli, and high mitotic activity.
Large cell NECs were diagnosed if the neoplasms were
composed of solid sheets of medium to large sized tumor
cells with rounded vesicular nuclei harboring prominent
nucleoli [3,7,21,22]. Colorectal MANECs were also diag-
nosed according to the WHO classification guidelines;
specifically, if one of the described, clearly morphologi-
cally recognizable NEC components were admixed with
an adenocarcinoma component, either in a mosaic pattern
or closely intermingled in a composite pattern.
A TMA from all cases comprising cores from the

tumor center and the invasive front was constructed
using the TMA grand master (Sysmex/3DHistech,
Budapest, Hungary) as previously described [7]. The
majority of tumors were already investigated in previ-
ous studies from our group [5,7,21,22] and were char-
acterized using morphological parameters such as
grade and histological subtype according to the current
WHO classification [3], expression of synaptophysin,
or microsatellite instability (MSI) status. All tumors
that had not been included in our previous studies
were reclassified using the above parameters.
Our study was approved by the local ethics commit-

tees of the Technical University of Munich (reference
numbers: 252/16 s and 2022/565-S-KK), the University
Hospital Mainz (reference number: 837.075.16), and of
the University Hospital Marburg (reference number:
AZ 43/21).

Immunohistochemical analyses of the main cohort
A TMA containing two separate cores from 1,054
colorectal carcinomas from the main cohort was
stained with an INSM1 antibody (clone BSB-123,
dilution: 1:50, Medac GmbH, Wedel, Germany).
INSM1 expression was evaluated manually by an
experienced gastrointestinal pathologist (MJ). Only
nuclear staining of INSM1 was considered specific. The
staining in normal pancreatic islets served as control.
The number of positive carcinoma cells was assessed
for each individual patient, counting a minimum of
500 tumor cells, resulting in a cumulative percentage
score for both cores that was assigned for each
CRC (range: 0–100%). The expression intensity was
graded as strong (comparable to normal islet cells),

moderate (clearly visible staining but notably weaker
than in normal islet cells), weak (barely perceptible
and only notable in high magnifications), and negative
(no staining reaction). Afterwards, all carcinomas were
assigned to different INSM1 expression groups according
to their IRS [20], which is derived from a sum score of
the percentage of expressing cells (score 0–4) and the
maximum staining intensity (score 0–3), which are then
multiplied by each other. According to the IRS, four
INSM1 expression groups were defined (INSM1 nega-
tive, IRS 0–1; INSM1 low, IRS 2–3; INSM1 moderate,
IRS 4–8; INSM1 high, IRS 9–12) [23,24]. The algo-
rithm to determine the IRS as well as the resulting
INSM1 expression groups is shown in detail in Table 1.
To correlate the results obtained from the analysis

on the TMA with whole tissue sections, INSM1
expression was investigated on whole slides of
35 carcinomas from the main cohort (including all
21 MANECs/NECs).
Synaptophysin expression was evaluated as pre-

viously described [7]. Conventional CRCs were
assigned to four synaptophysin expression groups:
synaptophysin negative, synaptophysin low (>0–9%
positive tumor cells), and synaptophysin moderate
(10–29% positive tumor cells). Conventional CRCs that
showed expression of synaptophysin in 30–100% of
the tumor cells were classified as synaptophysin
high/diffuse, as they reached or exceeded the
30% threshold of neuroendocrine differentiation given
by the WHO classification for the diagnosis of a
MANEC [3].
Cytoplasmic expression of chromogranin A (clone

SP-12, dilution: 1:200, ZytoMed, Berlin, Germany)
was also evaluated for all tumors on the TMA. The
expression groups were also allocated in accordance
with the IRS described above for INSM1.

Table 1. Algorithm to determine the IRS and respective INSM1
expression groups
Immunoreactive score (IRS)

Score Staining intensity
Percentage
of positive cells

0 No staining reaction 0
1 Weak staining reaction <10
2 Moderate staining reaction 10–50
3 Strong staining reaction 51–80
4 >80
IRS = score (staining intensity) � score (percentage of positive cells)

INSM1 expression groups
IRS 0–1 INSM1 negative
IRS 2–3 INSM1 low
IRS 4–8 INSM1 moderate
IRS 9–12 INSM1 high
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Validation cohort of conventional CRC
Our validation cohort of conventional CRC consisted of
274 resected cases collected from the archives of the
University Hospital Mainz as well as from the University
Hospital Marburg. Mean age at diagnosis was 69 years.
Fifty-seven percent of patients were male. After resection,
the histopathological workup revealed 51 UICC stage I
(19%), 81 stage UICC II (29%), 82 stage UICC III (3%),
and 60 stage UICC IV patients (22%). All of these
cases were investigated for INSM1/synaptophysin/
chromogranin A as described above on a TMA carrying
a minimum of two and up to three cores per case.

Validation cohort for colorectal MANEC/NEC
To further validate the expression of INSM1/
synaptophysin/chromogranin A in colorectal MANEC
and NEC, we also included a separate MANEC/NEC
validation cohort consisting of 19 additional cases.
These cases were diagnosed at the Institute of Pathology
ÜGP/MVZ Mittelhessen between 2016 and 2021 and
were reclassified before inclusion in our study as
described above. Fifteen cases were classified as NEC
and four were classified as MANEC. The cohort
consisted of 10 male and 9 female patients, with a
median age at diagnosis of 75 years. No clinical follow-
up data were available for these tumors. Because of the
rarity of these tumors, our validation cohort included
resection specimens and biopsies. From all cases of the
MANEC/NEC validation cohort, whole tissue sections
were examined for their immunohistochemical expres-
sion of INSM1, synaptophysin, and chromogranin A
using the same methodology as described earlier.

Statistics
Statistical analyses were performed with IMB SPSS
Statistics, version 28 (IBM Corp, Armonk, NY, USA).
Hypothesis tests of associations were performed by
χ2 test and Fisher’s exact test (two-sided). Univariable
survival probabilities were estimated with the Kaplan–
Meier method and log-rank tests were used to probe
their statistical significance, p values ≤0.05 were consid-
ered statistically significant. Multivariable analyses were
performed with the Cox proportional hazards model.

Results

Clinicopathological features and survival in the
main cohort
The detailed characteristics of the main cohort, includ-
ing age, sex, TNM, UICC stage, resection status, MSI

status, WHO grade, and tumor localization are shown
in Table 2. As expected, the pTNM categories,
resulting UICC stages, WHO grade, resection status,
and MSI status profoundly impacted patient survival.

INSM1 expression in conventional CRCs and
MANECs/NECs in the main cohort
INSM1 expression was found in 145/1,033 (14%)
conventional CRCs and in all MANECs/NECs
(21/21, 100%). Most conventional CRCs were INSM1
negative (888/1,033, 86%). Conventional CRCs with
expression of INSM1 mostly showed low (133/145, 92%)
and rarely moderate (12/145, 8%) positivity. In con-
trast, most MANECs/NECs fell into the INSM1 high
(12/21, 57%) or the INSM1 moderate subgroup
(7/21, 34%), with only 2/21 (9%) of these neoplasms
in the INSM1 low subgroup (Table 3, p < 0.001).
INSM1 expression in conventional CRC did not cor-
relate with pTNM, UICC-stage, resection status, MSI
status, age, or gender. In 75% of the MANEC, the
adenocarcinoma component was completely INSM1
negative; 25% showed weak INSM1 expression.
Comparison of the INSM1 scores from the TMA

and whole slides of 35 tumors including all MANECs/
NECs showed almost perfect concordance (κ = 0.96,
p < 0.001). Figures 1 and 2 illustrate and compare
INSM1 expression in conventional CRCs (Figure 1)
and in MANECs/NECs (Figure 2).

Synaptophysin expression in conventional CRCs
and MANECs/NECs in the main cohort
Synaptophysin expression was found in 243/1,033
conventional CRCs (24%). In 201/243 (83%) tumors,
there were only scattered positive cells accounting for
up to 9% of the tumor cell population, while in 15/243
(6%) tumors synaptophysin expression was moderate.
Synaptophysin expression in 30–100% of the tumor cells
was observed in 27/243 (11%) conventional CRCs with
any expression of synaptophysin; this represents 3% of
all conventional CRCs (27/1,033) in the main cohort. By
definition, in MANECs and NECs of the main cohort,
all neuroendocrine solid components suggestive of neu-
roendocrine differentiation expressed synaptophysin [7].

Chromogranin A expression in conventional CRCs
and MANECs/NECs in the main cohort
Expression of chromogranin A was found in
116/1033 conventional CRCs (11%). Most of these
conventional CRCs (106/116, 91%) had only few
chromogranin A positive cells (IRS 2–3, chromogranin
A low). Only 10/116 (9%) conventional CRCs showed
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Table 2. Distribution and survival associations of clinicopathological characteristics of the main cohort

Overall n (%)
Mean OS

(SE) [months] p value
Mean DSS

(SE) [months] p value
Mean DFS

(SE) [months] p value

Age <0.001 0.02 0.945
Below median 511 (48.5%) 86.10 (2.2) 90.88 (2.1) 82.03 (2.3)
Median and above 543 (51.5%) 71.61 (2.2) 83.63 (2.3) 82.13 (2.4)

Sex 0.26 0.94 0.69
Male 608 (57.7%) 77.52 (2.1) 87.33 (2.1) 82.83 (2.2)
Female 446 (42.3%) 80.64 (2.4) 87.24 (2.4) 80.96 (2.6)

pT <0.001 <0.001 <0.001
1 80 (7.6%) 96.57 (4.9) 114.12 (3.2) 108.49 (3.8)
2 188 (17.8%) 92.35 (3.2) 103.32 (2.8) 99.37 (3.2)
3 588 (55.8%) 79.44 (2.1) 88.03 (2.1) 81.83 (2.2)
4 198 (18.8%) 56.92 (3.7) 60.15 (3.8) 54.83 (4.0)

pN <0.001 <0.001 <0.001
0 581 (55.1%) 89.00 (1.9) 101.20 (1.7) 99.08 (1.8)
1 296 (28.1%) 75.01 (3.0) 80.23 (3.0) 72.49 (3.2)
2 177 (16.8%) 51.65 (3.9) 54.73 (4.1) 43.21 (4.0)

pM <0.001 <0.001 <0.001
0 897 (85.1%) 86.21 (1.6) 95.98 (1.5) 90.77 (1.7)
1 157 (14.9%) 39.60 (3.4) 42.15 (3.7) 33.72 (3.6)

UICC stage <0.001 <0.001 <0.001
1 213 (20.2%) 96.64 (2.9) 111.11 (2.1) 107.84 (2.4)
2 351 (33.3%) 86.01 (2.6) 97.00 (2.4) 95.76 (2.6)
3 327 (31.0%) 80.60 (2.8) 86.44 (2.8) 76.13 (3.0)
4 163 (15.5%) 38.80 (3.3) 41.27 (3.6) 32.69 (3.4)

WHO grade <0.001 <0.001 <0.001
Low grade 708 (67.2%) 86.00 (1.8) 95.24 (1.7) 89.62 (1.9)
High grade 346 (32.8%) 64.74 (2.8) 71.72 (2.9) 66.83 (3.0)

Resection margin <0.001 <0.001 <0.001
R0 974 (92.4%) 82.53 (1.6) 91.81 (1.5) 86.78 (1.7)
R1 50 (4.7%) 41.00 (7.2) 42.53 (7.5) 29.47 (6.1)
R2 30 (2.8%) 24.99 (4.5) 25.00 (4.5) 21.52 (3.7)

Tumor localization 0.14 0.34 0.16
Cecum 150 (14.2%) 78.24 (4.1) 88.30 (4.1) 87.20 (4.2)
Ascending colon 276 (26.1%) 77.62 (3.2) 86.24 (3.2) 78.61 (3.4)
Transverse colon 83 (7.9%) 70.26 (6.0) 83.40 (5.9) 83.82 (6.1)
Descending colon 94 (8.9%) 74.69 (5.1) 81.15 (5.1) 77.02 (5.5)
Sigmoid colon 332 (31.4%) 84.60 (2.7) 91.67 (2.6) 86.41 (2.9)
Rectum 119 (11.3%) 75.80 (4.6) 83.88 (5.9) 74.48 (5.1)

Tumor histology <0.001 <0.001 <0.001
Conventional adenocarcinoma 1,033 (98.0%) 79.44 (1.6) 88.05 (1.6) 82.81 (1.7)
MANEC/NEC 21 (2.0%) 26.51 (6.2) 26.51 (6.2) 22.99 (6.1)

MSI status 0.014 <0.001 <0.001
Microsatellite stable 889 (84.3%) 77.21 (1.7) 85.04 (1.7) 79.46 (1.8)
Microsatellite unstable 165 (15.7%) 88.36 (3.8) 100.88 (3.4) 97.29 (3.7)

Table 3. Distribution of INSM1 expression subgroups among synaptophysin expression groups of conventional CRCs and colorectal
MANEC/NEC in the main cohort

INSM1
negative (IRS 0–1)

INSM1 weak
(IRS 2–3)

INSM1 moderate
(IRS 4–8)

INSM1 strong
(IRS 9–12)

Total
number p value

Adenocarcinoma, synaptophysin negative 733 54 3 0 790
Adenocarcinoma, synaptophysin low (1–9%) 132 67 2 0 201
Adenocarcinoma, synaptophysin moderate (10–29%) 7 4 4 0 15
Adenocarcinoma, synaptophysin high (30–100%) 16 8 3 0 27
MANEC/NEC 0 2 7 12 21
Total number 888 135 19 12 1,054 <0.001
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moderate chromogranin A expression, equaling 1% of
all conventional CRCs (10/1,033) in the main cohort.
Colorectal MANECs/NECs expressed chromogranin
A in 13/21 cases (62%); 8 MANECs/NECs (38%)
were completely chromogranin A negative. Of the
13 chromogranin A positive MANECs/NECs, 5 showed
high chromogranin A expression, 2 cases showed mod-
erate, and 6 neoplasms showed weak expression.

Correlation of INSM1 expression in conventional
CRCs and in MANECs/NECs with expression of
synaptophysin in the main cohort
Table 3 shows that the majority of conventional CRCs
with diffuse synaptophysin positivity were INSM1
negative (16/27, 59%). The remaining conventional
CRCs with diffuse expression of synaptophysin mostly
belonged to the subgroups with low (8/27, 29.6%) or
rarely moderate INSM1 (3/27, 11%) expression.
In contrast, all MANECs/NECs were INSM1 posi-

tive and mostly showed high or at least moderate

INSM1 expression (19/21, 91%), thus differing signif-
icantly (p < 0.001) from conventional CRCs with dif-
fuse synaptophysin positivity. Very few synaptophysin
negative conventional CRCs showed low (54/790, 7%)
or moderate (3/790, <1%) INSM1 expression.

Correlation of INSM1 expression with
chromogranin A expression in conventional CRCs
and in MANECs/NECs in the main cohort
Conventional CRCs with chromogranin A expression
were mostly INSM1 negative (72/116, 62%) or weakly
positive (41/116, 35%). Among the 918 chromogranin
A negative conventional CRCs, weak or moderate expres-
sion of INSM1 was noted in 92/917 (10%) and 9/917
(1%) cases, respectively. The remaining chromogranin A
negative conventional CRCs were also INSM1 negative
(p < 0.001, supplementary material, Table S1).
In MANECs/NECs, there was no significant correla-

tion between chromogranin A and INSM1 expression
(p = 0.70). Seven of the 12 MANECs/NECs with

Figure 1. INSM1 expression groups in conventional CRCs with diffuse expression of synaptophysin. (A–C) Conventional CRC (A, H&E, �20)
with diffuse expression of synaptophysin (C, �20). The adenocarcinoma shows only scattered INSM1 positive cells (<10%), some showing
strong nuclear staining (B, �20, inset �40), resulting in an IRS of 3 (INSM1 low). (D–F) Conventional CRC (D, H&E, �20) with diffuse
expression of synaptophysin (F, �20). The adenocarcinoma shows scattered INSM1 positive cells (<10%) with very weak, barely perceptible
nuclear staining (E, �20, inset �40), resulting in an IRS of 1 (INSM1 negative). (G–L) Further examples of two conventional CRCs with
diffuse expression of synaptophysin (G and J, H&E, �20). Both adenocarcinomas show diffuse expression of synaptophysin in all tumor cells
(I and L, �20). Nuclear expression of INSM1 was not observed, resulting in an IRS 0 (INSM1 negative). Note the nonspecific cytoplasmic
staining, that was not considered specific (H and K, �20, inset �40).
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strong INSM1 expression (58%) were either chromogranin
A negative or only weakly positive, while in 7/8
(88%) chromogranin A negative NECs INSM1 expres-
sion was either moderate or strong (supplementary
material, Table S2).

Patient survival in INSM1-expressing conventional
CRCs compared with MANECs/NECs in the main
cohort
We observed no survival differences between
conventional CRCs regardless of their expression of
INSM1 (OS: p = 0.849; DSS: p = 0.273; DFS:
p = 0.884, Figure 3). In contrast, MANECs/NECs
showed significantly poorer survival for OS, DSS, or
DFS (p < 0.001, respectively) compared with all
INSM1 expression subgroups of conventional CRC.
For example, mean DSS for conventional CRCs with-
out INSM1 expression was 87.1 months, compared

with 95.0 and 89.0 months for conventional CRCs
with low or moderate INSM1 expression, while
MANEC/NEC showed a mean DSS of 26.5 months.
Figure 3 depicts the respective Kaplan–Meier curves.
The detailed mean survival times of the different
groups for all survival comparisons are shown in sup-
plementary material, Tables S3 and S4.
The stage-independent impact on patient survival of

true MANEC/NEC but not of conventional CRC with
INSM1 expression was confirmed by multivariate ana-
lyses including UICC stage, resection status, MSI, gen-
der, sex, and WHO grade (DSS: p = 0.005, hazard ratio:
2.435, Table 4; OS: p = 0.014; hazard ratio: 2.167,
supplementary material, Table S5; DFS: p = 0.03,
hazard ratio: 1.936, supplementary material, Table S6).
As described previously [7], synaptophysin expres-

sion in conventional CRCs did not impact OS
(p = 0.67) or DSS (p = 0.80), but showed a prognostic
impact on DFS (p = 0.011) in univariate analysis, which

Figure 2. INSM1 expression groups in colorectal MANEC and NEC. (A–C) Colorectal MANEC (A, H&E, �20) consisting of an adenocarci-
noma NOS (black arrow) intermingled with a large cell NEC (green arrow), which shows diffuse expression of synaptophysin (C, �20).
The NEC shows a substantial number of positive cells (60%) with variable staining intensities with some showing strong nuclear staining
(B, �20, inset �40), resulting in an IRS of 9 (INSM1 high). The adenocarcinoma component is INSM1 negative. (D–F) Colorectal small
cell NEC (D, H&E, �20) showing weak to moderate expression of synaptophysin (F, �20). The NEC shows a substantial number of
positive cells (55%) with variable staining intensities ranging from very weak to strong (E, �20, inset �40), resulting in an IRS of
9 (INSM1 high). (G–I) Colorectal large cell NEC (G, H&E, �20) with diffuse expression of synaptophysin (I, �20) and diffuse and strong
(90%) expression of INSM1 (H, �20, inset �40), resulting in an IRS of 12 (INSM1 high). (J–L) Colorectal large cell NEC (J, H&E, �20)
with patchy expression of synaptophysin (I, �20) and scattered (10%) expression of INSM1, with most positive nuclei showing weak but
some showing moderate staining intensity (K, �20, inset �40), resulting in an IRS of 4 (INSM1 moderate).
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was not confirmed in multivariate analysis (p = 0.38).
Expression of chromogranin A in conventional CRCs
had no impact on survival (p = n.s., data not shown).

Expression of INSM1/synaptophysin/chromogranin
A in the conventional CRC validation cohort
Of the 274 cases in the conventional CRC validation
cohort, 20 (7%) showed weak expression of INSM1
and 27 (10%) showed a weak expression of
chromogranin A. Synaptophysin was expressed in
38 conventional CRC (14%), of which 5 (2%)
showed diffuse expression of synaptophysin exceeding
30%. Four of these diffuse synaptophysin expressing
conventional CRC were INSM1 negative (4/5, 80%),
while one tumor showed low INSM1 expression. The
clinicopathological characteristics and the expression
of INSM1/synaptophysin/chromogranin A in the con-
ventional CRC validation cohort are summarized in
supplementary material, Table S7.

Expression of INSM1/synaptophysin/chromogranin
A in the MANEC/NEC validation cohort
In the MANEC/NEC validation cohort, all cases
expressed synaptophysin. INSM1 was expressed in all
tumors, with 9/19 tumors showing strong (47%) and
6/19 tumors showing moderate INSM1 positivity
(32%), 4/19 tumors showed weak expression (21%).
Chromogranin A was negative in 12/19 tumors (63%),
one tumor showed weak expression (5%), while mod-
erate positivity was observed in 5/19 cases (26%).

In the four MANECs, INSM1 expression was
not detected in the adenocarcinoma components.
The clinicopathological characteristics and the expres-
sion of INSM1/ synaptophysin/chromogranin A in the
MANEC/NEC validation cohort are summarized in
supplementary material, Table S8.

Discussion

INSM1 is a highly conserved transcription factor that
regulates the development of neuroendocrine cells
throughout the body [9,25–28]. INSM1 has emerged
as a sensitive immunohistochemical marker for the
diagnosis of neuroendocrine neoplasms, with several
studies showing higher specificity and sensitivity com-
pared with the traditional neuroendocrine markers
synaptophysin and chromogranin A [10,12,13].
Our study investigated the nuclear immunoreactivity

of INSM1 according to the IRS [20] in more than
1,050 colorectal carcinomas and demonstrates that,
besides morphology, high expression of INSM1 distin-
guishes true colorectal MANEC/NEC from conven-
tional CRC with diffuse expression of synaptophysin
(>30% positive tumor cells) [10]. MANEC/NEC
usually showed high or at least moderate expression of
INSM1 (91%, 9% with low INSM1 expression), while
almost 90% of conventional CRC with diffuse
synaptophysin expression were either INSM1 negative
or INSM1 low. These general observations from our
main cohort were then validated in two independent
collectives of conventional CRC and MANEC/NEC.

Figure 3. OS, DSS, and DFS for (A–C) INSM1 expression groups in conventional adenocarcinomas with a non-neuroendocrine morphology
and for (D–F) INSM1 expression groups in conventional adenocarcinomas compared with MANEC/NEC.
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In line with our previous observations for
synaptophysin [7], the survival of conventional CRC
patients was not influenced by the expression of
INSM1, regardless of its intensity, while patients suf-
fering from true MANEC/NEC showed a stage inde-
pendent, highly decreased survival on all comparisons.
These findings strengthen the assumption that the
expression of any neuroendocrine marker in colorec-
tal carcinomas has to be correlated with the underlying
morphology and is not automatically equal to a
NEC. Interestingly, a recent study from Fassan
et al [29] revealed synaptophysin-expressing con-
ventional CRC to be a prognostic subgroup in
BRAF-mutated CRC, indicating that the molecular
context may also be of importance when the clinical
relevance of endocrine markers in conventional
CRC is considered.
The spectrum of neuroendocrine differentiation in

colorectal and extra-colorectal carcinomas with non-
neuroendocrine morphology varies from scattered cells
to neoplasms with diffuse expression of (traditional)
neuroendocrine markers, especially synaptophysin.
Although most previous studies including our own
[7,30–40] considered this phenomenon to be of minor
prognostic relevance, these cases frequently cause

diagnostic and clinical confusion over whether to
classify those tumors as MANECs or NECs and to treat
them accordingly [1,2,41]. Although the WHO under-
standably requires NEC morphology for the diagnosis
of MANEC or NEC, some conventional CRCs with
diffuse expression of synaptophysin that exceeds the
30% threshold may be misinterpreted as MANEC or
NEC [42,43]; this should be avoided at all costs,
because of the vast prognostic differences and the
diverging treatment modalities between conventional
CRC and NECs. The data from our study may be
helpful in diagnostically challenging cases. For example,
in carcinomas that are morphologically ambiguous
regarding possible neuroendocrine differentiation
(e.g. medullary CRC, poorly differentiated adenocar-
cinoma NOS) and show weak but diffuse immunore-
activity for synaptophysin, negative staining for
INSM1 can increase confidence for the diagnosis of
a conventional CRC. Conversely, in carcinomas that
are morphologically consistent with a poorly differen-
tiated NEC, which is the most important requirement
for the diagnosis, but only show weak or focal
expression of traditional neuroendocrine markers,
high expression of INSM1 can greatly increase the
certainty of the diagnosis of a true MANEC/NEC.

Table 4. Multivariate analysis for DSS including INSM1 expression groups in conventional adenocarcinomas compared with MANECs
including UICC stage, WHO grade, MSI, resection status, age, and gender in the main cohort

Hazard ratio (DSS) Lower CI (95%) Upper CI (95%) p value

INSM1 expression groups in conventional adenocarcinoma
versus MANEC/NEC

0.005

Conventional adenocarcinoma INSM1 negative (lRS 0–1) 1
Conventional adenocarcinoma INSM1 low (IRS 2–3) 0.785 0.536 1.149
Conventional adenocarcinoma INSM1 moderate (IRS 4–8) 0.588 0.187 1.849
MANEC/NEC 2.435 1.303 4.549

UICC stage <0.001
I 1
II 2.504 1.521 4.122
III 3.457 2.128 5.616
IV 9.430 5.671 15.681

Resection status <0.001
R0 1
R1 2.243 1.517 3.316
R2 2.072 1.330 3.231

MSI 0.014
Microsatellite stable 1
Microsatellite unstable 0.592 0.391 0.899

WHO grade 0.001
Low grade 1
High grade 1.486 1.167 1.891

Gender 0.173
Male 1
Female 0.850 0.673 1.074

Age <0.001
Below median 1
Median and above 1.585 1.263 1.990
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The results of our study are concordant with data on
gynecological carcinomas by Zou et al [44], who
also found no or only weak INSM1 expression
in conventional ovarian or uterine carcinomas
(e.g. high-grade serous carcinoma or poorly differ-
entiated endometrioid carcinoma) with diffuse
expression of neuroendocrine markers, but non-
neuroendocrine morphology. In addition to INSM1,
our study also evaluated the expression of chromogranin
A immunoreactivity in conventional CRCs and
MANECs/NECs. High or moderate chromogranin A
expression was quite specific for MANEC/NEC, but
not very sensitive, as the majority of MANEC/NEC
showed weak expression of chromogranin A or were
entirely negative.
Our study has some limitations. First, it is of retro-

spective nature. However, to minimize this disadvan-
tage, we performed our analyses on a very large cohort
of more than 1,054 colorectal carcinomas including
21 MANECs/NECs, which is close to the incidence of
these tumors described in the literature [3,6], and added
two substantial validation cohorts comprising conven-
tional CRC as well as MANEC/NEC. Another short-
coming of our work is that our analyses were
performed on TMAs because of the large size of our
cohort. However, comparing our TMA data with full
block slides revealed an almost perfect concordance,
thus supporting the robustness of our approach.
In conclusion, our study shows that high INSM1

expression in conventional colorectal carcinoma has
no prognostic significance, but is helpful for
distinguishing colorectal MANEC/NEC from conven-
tional colorectal carcinoma with diffuse synaptophysin
expression. Furthermore, our data suggest that INSM1
has a higher specificity for colorectal MANEC/NEC
than synaptophysin and a higher sensitivity than
chromogranin A, further strengthening the role of
INSM1 as a complementary marker for the diagnosis
of poorly differentiated neuroendocrine neoplasms.
Further studies are needed to investigate the molecu-
lar basis of diffuse synaptophysin expression in con-
ventional colorectal carcinomas and to clarify
whether this phenomenon is due to the recognition of
synaptophysin-like proteins or whether it is another,
more benign form of neuroendocrine differentiation
that is not associated with a worse clinical outcome.
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