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Abstract
We present two rare cases of mixed large cell neuroendocrine carcinoma and squamous cell carcinoma of the
colon. A literature search revealed only three published cases with similar histology but none of these reports
provided profound molecular and mutational analyses. Our two cases exhibited a distinct, colon-like
immunophenotype with strong nuclear CDX2 and β-catenin expression in more than 90% of the tumour cells of
both components. We analysed the two carcinomas regarding microsatellite stability, RAS, BRAF and PD-L1 sta-
tus. In addition, next-generation panel sequencing with Ion AmpliSeq™ Cancer Hotspot Panel v2 was performed.
This approach revealed mutations in FBXW7, CTNNB1 and PIK3CA in the first case and FBXW7 and RB1 muta-
tions in the second case. We looked for similar mutational patterns in three publicly available colorectal adeno-
carcinoma data sets, as well as in collections of colorectal mixed neuroendocrine-non-neuroendocrine neoplasms
(MiNENs) and colorectal neuroendocrine carcinomas. This approach indicated that the FBXW7 point mutation,
without being accompanied by classical adenoma–carcinoma sequence mutations, such as APC, KRAS and TP53,
likely occurs at a relatively high frequency in mixed neuroendocrine and squamous cell carcinoma and therefore
may be characteristic for this rare tumour type. FBXW7 codifies the substrate recognition element of an ubiquitin
ligase, and inactivating FBXW7 mutations lead to an exceptional accumulation of its target β-catenin which
results in overactivation of the Wnt-signalling pathway. In line with previously described hypotheses of de-
differentiation of colon cells by enhanced Wnt-signalling, our data indicate a crucial role for mutant FBXW7 in
the unusual morphological switch that determines these rare neoplasms. Therefore, mixed large cell neuroendo-
crine and a squamous cell carcinoma can be considered as a distinct carcinoma entity in the colon, defined by
morphology, immunophenotype and distinct molecular genetic alteration(s).
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Introduction

Neuroendocrine carcinomas of the colorectum are rare
and highly aggressive tumours with poor clinical out-
come. Their incidence is 0.1–0.6% [1,2]. The

percentage of pure squamous cell carcinoma among all
colorectal carcinomas is even lower [3,4]. Here we
present two cases of mixed large cell neuroendocrine
carcinoma and squamous cell carcinoma in the colon.
Previously, only three cases with an identical histology
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were described in the caecum, rectum and the des-
cending colon [5–7], but extensive immunohistochem-
ical and molecular profiling was not performed. This
is the first report of this rare type of carcinoma that
also defines its typical molecular genetic features.
Combined neuroendocrine and squamous cell carcino-
mas also occur in organs with original squamous epi-
thelium, such as the maxillary sinus or the oesophagus
[8,9]. Such neoplasms biologically present tumour
development via stages of increasing atypia. On the
contrary, mixed neuroendocrine and squamous cell
carcinomas in the colon represent a different kind of
tumour emergence. In our opinion, these rare carcino-
mas might be the outcome of progressive malignant
transformation of mixed neuroendocrine-non-
neuroendocrine neoplasms (MiNENs), formerly ter-
med mixed adenoneuroendocrine carcinomas
(MANECs) [10]. In accordance with this hypothesis,
single cases with an additional squamous carcinoma
component are known among high-grade MiNENs in
the colorectum [11]. Alongside accurate morphological
evaluation, molecular classification of colorectal can-
cers with high grade morphology, via immunohisto-
chemistry of mismatch repair proteins and mutational
analyses of BRAF and other genes, has proven essen-
tial to provide best guidance for patient treatment and
therapeutic outcome. Hence, we carefully analysed the
present lesions morphologically and
immunohistochemically. In order to better understand
the pathophysiological mechanisms underlying these
rare neoplasms, we additionally applied next-
generation sequencing and compared the mutational
results to data sets of classical colorectal adenocarci-
noma as well as MiNEN and neuroendocrine carcino-
mas of the colorectum. Based on next-generation
panel sequencing data and immunohistochemical ana-
lyses, our data indicate that mixed neuroendocrine and
squamous cell carcinoma may be a distinct new colon
cancer entity.

Materials and methods

Tumour specimens, histology and
immunohistochemistry
This study was conducted according to the recommen-
dations of the ethics committee of the Medical Faculty
of the Ludwig-Maximilians-University Munich, Ger-
many and the standards set in the declaration of Hel-
sinki 1975. Archival tissue from two formalin-fixed
and paraffin-embedded (FFPE) cases of colorectal

combined large cell neuroendocrine carcinoma and
squamous cell carcinoma were accessed from the Insti-
tute of Pathology in Bayreuth as well as from a prac-
tice of pathology in Munich. The neoplasms were
resected in 2014 (first case) and 2017 (second case).
Sections of 5 μm were cut, deparaffinised and stained
with H&E for histological preparation. For immuno-
histochemistry, sections were incubated with
prediluted mouse anti-β-catenin (14, ready to use,
Ventana), rabbit mouse anti-CK5/6 (D5/16B4, ready
to use, Ventana), mouse anti-MSH-2 (G219-1129,
ready to use, Ventana), rabbit anti-MSH-6 (SP93, ready
to use, Ventana), mouse anti-PMS-2 (A16-4, ready to
use, Ventana), rabbit anti-PDL-1 (SP263, ready to use,
Ventana), mouse anti-CD56 (123C3, ready to use,
Ventana), rabbit anti-synaptophysin (MRQ-40, ready to
use, Ventana), mouse anti-chromogranin A (LK2H10,
ready to use, Ventana), mouse anti-neuron-specific eno-
lase (NSE; BBS/NC/VI-H14, 1:200, Dako, Santa Clara,
CA, USA), rabbit anti-CDX2 (EPR2764y, 1:50, Medac;
Bio-Genex), mouse anti-MLH-1 (ES05, 1:100, Leica,
Wetzlar, Germany), rabbit anti-NUT (C52B1, 1:75, Cell
Signaling), mouse anti-p63 (BC4A4, 1:100, Zytomed;
Biocare Medical, Pacheco, CA, USA), mouse anti-p40
(BC28, 1:100, Zytomed, Berlin, Germany), mouse anti-
TTF-1 (8G7G3/1, 1:200, Agilent, Santa Clara, CA,
USA), or mouse anti-Ki67 antibody (MIB-1, 1:150,
Dako). For staining, a Ventana Benchmark XT
autostainer was used. Detection was performed with
either ultraView Universal DAB detection kits or
optiView DAB IHC detection kits (Ventana Medical
Systems, Tuscon, AZ, USA).

DNA extraction and pyrosequencing
To identify tumour areas, we used sections stained
with H&E, which were subsequently used as templates
to isolate areas of the combined large cell neuroendo-
crine and squamous cell carcinoma under microscopic
control from deparaffinised serial sections using sterile
scalpel blades. Neuroendocrine and squamous compo-
nents were not micro-dissected separately. Tumour
DNA was extracted with QIAamp DNA Micro Kits
and GeneRead DNA FFPE Kits (Qiagen, Hilden,
Germany) for consecutive analyses of KRAS, NRAS
and BRAF V600E gene mutations as well as panel
sequencing, respectively. The mutational status of
KRAS exon 2–4, NRAS exon 2–4 and BRAF V600E
was analysed by pyrosequencing on a PyroMark Q24
Advanced instrument (Qiagen), as previously
described [12].

76 C Woischke et al

© 2020 The Authors. The Journal of Pathology: Clinical Research published by The Pathological Society
of Great Britain and Ireland & John Wiley & Sons, Ltd.

J Pathol Clin Res 2021; 7: 75–85



Panel sequencing
The Ion AmpliSeq Cancer Hotspot Panel v2, covering
the mutation hotspots of 50 oncogenes and tumour
suppressor genes (Life Technologies, Calsbad, CA,
USA), was used for next-generation panel sequencing
following the manufacturer’s protocol. 10 ng of Qubit
quantified DNA was used for library generation with
Ion AmpliSeq Library Kits and Ion Xpress Barcode
Adapters (Thermo Fisher, Calsbad, CA, USA). After
emulsion PCR and bead purification, multiplexed
libraries were then loaded onto 318 chips, and
sequenced on an Ion Personal Genome Machine (all
Thermo Fisher). For data analysis, sequence reads
were mapped to human reference genome hg19 and
filtered for non-synonymous variants using Ion
reporter software v5.0 (Thermo Fisher). Annotations,
information on pathogenesis and population allele fre-
quencies were retrieved from Ensembl VEP (www.
ensembl.org/Homo_sapiens/Tools/VEP).

Results

Case presentations
Case 1

Clinical data and pathological findings
A 51 year old male patient with known ulcerative coli-
tis presented with rectal bleeding and diarrhoea, lead-
ing to the diagnosis of a tumour in the sigmoid colon
followed by complete surgical resection. The 8 cm
large, ulcerated tumour caused luminal stenosis and
infiltration of the entire wall into the surrounding adi-
pose tissue. Histology revealed lymphangiosis
carcinomatosa, venous invasion and three lymph node
metastases. Resection margins were free of tumour
cells. Samples showed no signs of ulcerative colitis.
The carcinoma showed a solid growth pattern with-

out gland formation or mucin production. In central
areas, the tumour cells exhibited distinct squamous dif-
ferentiation, whereas large tumour cells in the mar-
ginal zone exhibited no specific differentiation.
Profound atypia, high rates of apoptosis, and numer-
ous atypical mitoses, with Ki-67 labelling index up to
90%, were present. Immunohistochemistry revealed
strong nuclear expression of CDX2 and β-catenin in
over 90% of tumour cells. Cells with squamous differ-
entiation were positive for cytokeratin 5/6 and p63,
whereas the large tumour cells without specific differ-
entiation showed strong positivity for synaptophysin
and neuron specific enolase (NSE). Morphological and
immunhistochemical findings are shown in Figure 1

and supplementary material, Figure S1. All tumour
cells were negative for CD56, chromogranin A, p40
and TTF-1. To distinguish the lesion from NUT
(nuclear protein in testis) midline carcinoma (NMC),
we performed NUT immunohistochemistry, which
was negative. Immunohistochemistry for hMLH1,
hMSH2, hMSH6 and hPMS2 showed nuclear expres-
sion in all tumour cells, characterising the neoplasm as
a microsatellite stable tumour. In summary, a mixed
large cell neuroendocrine and squamous cell carci-
noma of the sigmoid colon, pT3, pN1a (3/17), V1, L1,
Pn0 was diagnosed.
Within the following months of disease, distant

metastasis to the liver and the abdominal wall occurred
(pM1c [HEP, OTH]) resulting in a final UICC-stage
IVC. Therapy with three courses of panitumumab plus
FOLFOX 6, two courses of cisplatin and etoposide
and later four courses of bevacizumab and FOL-
FOXIRI was performed.

Molecular pathology
Because of insufficient therapeutic response, immuno-
histochemistry for PDL1 and molecular genetic analy-
sis were carried out. PDL1 expression was not
detectable in carcinoma cells or in the surrounding
stroma. No mutations were present in exons 2, 3 and
4 of the KRAS and NRAS genes and in exon 15 of the
BRAF gene. Next-generation sequencing analysis sur-
veying hotspot regions of 50 oncogenes and tumour
suppressor genes detected CTNNB1 (c.110C>G, p.
Ser37Cys), PIK3CA (c.1173A>G, p.Ile391Met) and
FBXW7 (c.1393C>T, p.Arg465Cys) mutations.

Follow up
The tumour progressed rapidly under bevacizumab
plus FOLFOXIRI therapy. Chemotherapy was chan-
ged to paclitaxel, carboplatin and palliative care. The
patient died 1 year after initial diagnosis of the
tumour.

Case 2

Clinical data and pathological findings
A 46 year old female patient without relevant pre-
existing conditions underwent colonoscopy due to
diarrhoea with admixed blood. A tumour in the sig-
moid colon was found and complete surgical re-
section performed. The resection specimen showed a
2.5 cm ulcerated tumour. Histology revealed a high-
grade carcinoma with solid growth devoid of glandular
differentiation. The transmural infiltration involved the
serosa. Five regional lymph node metastases were
detected. Lymphangiosis carcinomatosa and venous
invasion were present. Resection margins were free of
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tumour cells. PET-CT scanning showed diffuse liver
metastases.
The histology of the carcinoma exhibited clusters of

squamous tumour cells showing immunohistochemical
expression of cytokeratin 5/6, but not p63 or p40. A
second tumour component showed solid and trabec-
ular growth of large carcinoma cells with strong
immunohistochemical expression of synaptophysin
and CD56, but negativity for chromogranin A and

NSE. All tumour cells exhibited strong cytoplasmic
expression of nuclear β-catenin and CDX2. The
mitotic rate was high and the Ki-67 proliferation
index was 80% of tumour cells (Figure 2). No
TTF-1 and NUT expression was detectable by
immunohistochemistry. Analysis of hMLH1,
hMSH2, hMSH6 and hPMS2 showed nuclear
expression in tumour cells. In summary, a mixed
large cell neuroendocrine and squamous cell

Figure 1. Morphological and immunohistochemical characteristics of the first case of colorectal combined large cell neuroendocrine car-
cinoma and squamous cell carcinoma pictured in overview (A) and close-up view (B–H). Examples of neuroendocrine differentiation are
shown by immunostaining for synaptophysin (accentuated in marginal areas; C). Tumour cells exhibit strong expression of β-catenin (D).
The squamous component is marked with a dotted line and foci of keratinisation are highlighted by arrows (E). The neoplasm shows
intense staining of CDX2 (F). Examples of squamous differentiation as well as proliferation are shown by immunostaining for CK5/6
(accentuated in central areas; G) and Ki67 (H), respectively.

Figure 2. Morphological and immunohistochemical characteristics of the second case of colorectal combined large cell neuroendocrine
carcinoma and squamous cell carcinoma pictured in overview (A) and close-up view (B–H). Examples of neuroendocrine differentiation
are shown by immunostaining for synaptophysin (accentuated in marginal areas; C). Tumour cells exhibit strong expression of β-catenin
(D). The squamous component is again marked with dotted lines (E). The overview shows intense staining of CDX2 in tumor and
remaining normal colon mucosa (F; asterisk). Examples of squamous differentiation as well as proliferation are shown by immuno-
staining for CK5/6 (accentuated in central areas; G) and Ki67 (H), respectively.

78 C Woischke et al

© 2020 The Authors. The Journal of Pathology: Clinical Research published by The Pathological Society
of Great Britain and Ireland & John Wiley & Sons, Ltd.

J Pathol Clin Res 2021; 7: 75–85



carcinoma of the sigmoid colon devoid of microsat-
ellite instability was diagnosed. The following stag-
ing was reported: pT4a, pN2a (5/19), cM1a (HEP),
L1, V1, Pn0, R0, UICC-stage IVA.

Molecular pathology
Next-generation sequencing analysis revealed a
FBXW7 (c.1393C>T, p.Arg465Cys) point mutation, as
was also true for the first analysed case. In addition, a
RB1 (c.2284C>T, p.Gln762Ter) mutation was found.
In contrast to the first case, no CTNNB1 and PIK3CA
mutations were detected.

Follow up
In accordance with standard guidelines and results
from the NORDIC NEC study [13], therapy with five
cycles of cisplatin and etoposide followed. Follow-up
PET-CT scanning showed complete remission of liver
metastasis. Three years later one new liver metastasis
with strong immunohistochemical expression of NSE
was successfully ablated by local brachytherapy.

Data set analyses
Genomic data analysis on three publicly available
colorectal adenocarcinoma cohort data sets was per-
formed, employing the cBioPortal as a cancer geno-
mics tool. The TCGA Nature 2012 Study, the updated
TCGA Pan Cancer Atlas Study on CRC, and the
MSKCC 2018 Cancer Cell Study for metastatic colo-
rectal cancer [14–18] were screened for other cases
with FBXW7, CTNNB, PIK3CA and RB1 mutations.
Our search revealed 5–8% CTNNB1 mutations,
13–17% FBXW7 mutations, 20–28% PIK3CA muta-
tions and 3–5% RB1 mutations, respectively. As
expected, the classical adenoma–carcinoma sequence
mutations, such as APC, KRAS and TP53, outnumber
those findings by far (Table 1). In addition, we
screened for significant co-occurrences or mutual

exclusivities between FBXW7, CTNNB1, PIK3CA and
RB1 mutations in all three data sets, which mostly
consist of classic adenocarcinoma cases, in order to
explore possible mutational correlations that could
potentially also occur in the scarce mixed neoplasms
described here. Here again we included most common
classical adenoma–carcinoma sequence mutations,
such as APC, KRAS and TP53, for comparison. Refer-
ring to these, we detected significant co-occurrence of
APC and KRAS and APC and TP53 in two of three
data sets. In addition, mutations in the genes coding
for APC and CTNNB1 as well as TP53 and PIK3CA
related to the classical adenoma–carcinoma sequence
were found to be mutually exclusive. Importantly, sig-
nificant co-occurrence of FBXW7 and PIK3CA as well
as FBXW7 and RB1 mutations, as was found in the
scarce neoplasm type described here, was identified in
two of the three data sets (Table 2). This points to
functional importance of these two mutational interac-
tions also in classical adenocarcinomas. To define sim-
ilarities and differences between classical colorectal
adenocarcinomas, mixed large cell neuroendocrine and
squamous cell carcinomas of the colorectum, colorec-
tal MANECs and pure colorectal neuroendocrine car-
cinomas, we compared frequencies of genetic
alterations between those entities (Table 3). In the two
cases of mixed large cell neuroendocrine and squa-
mous cell carcinoma described here, and in contrast to
MiNENs and classic adenocarcinomas, we noted the
absence of APC, KRAS and TP53 mutations, as well
as the occurrence of mutations in the FBXW7 gene in
both tumours. The frequency of mutations in FBXW7
in particular was markedly lower (16–25%) in classic
adenocarcinomas and MiNENs (Table 3), although we
cannot exclude the existence of FBXW7 wild-type,
mixed neuroendocrine and squamous cell carcinoma
cases from our case report on only two individuals
affected by this very rare tumour type. Given that tis-
sue images of colorectal carcinoma cases with FBWX7

Table 1. Gene alteration frequencies in colorectal adenocarcinoma data sets.
Genes TCGA Nature 2012 Study TCGA Pan Cancer Atlas Study MSKCC 2018 Cancer Cell Study

APC 76 75 76
CTNNB1 5 7 8
FBXW7 17 17 13
KRAS 42 42 45
PIK3CA 20 28 20
TP53 53 60 73
RB1 3 5 3

Values indicate the frequency of gene alterations (in percent) in three different data sets according to The Cancer Genome Atlas Program 2012 (TCGA, [16]), TCGA
Pan Cancer Atlas Study [17] and Memorial Sloan Kettering Cancer Center Study (MSKCC, [18]). Classical adenoma–carcinoma sequence mutations, such as APC,
KRAS and TP53, are highlighted in orange.
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mutation were available via cBioPortal within the
TCGA Nature 2012 study, these were screened for
unusual morphology, such as squamous or neuroendo-
crine differentiation. However, only two of the
reviewed 35 cases showed a tendency toward neuroen-
docrine differentiation, and none of those had relevant
morphological features which would have pointed
towards squamous differentiation. Hence, other fac-
tors, such as the cell of tumour origin or epigenetic
peculiarities might also be needed which, presumably
in collaboration with mutant FBXW7, contribute to the
occurrence of this very rare, mixed colorectal cancer
entity.

Discussion

In this study, we analysed two mixed large cell neuro-
endocrine and squamous cell carcinomas of the color-
ectum by next-generation sequencing and compared
the results with data from three publicly available
colorectal adenocarcinoma data sets, as well as from
cohorts of colorectal MiNENs and colorectal neuroen-
docrine carcinomas. This approach revealed a shared
FBXW7 mutation and a lack of classical adenoma–
carcinoma sequence mutations in both of our cases.
This is in contrast to classic adenocarcinomas and
MiNENs and therefore represents a molecular signa-
ture, which, together with the unique morphological
features, may distinguish mixed neuroendocrine

carcinoma and squamous carcinoma of the colorectum
from other colorectal cancer types. Neuroendocrine
carcinomas of colorectal origin represent very rare but
highly aggressive tumours with a poor prognosis [1,2].
Nevertheless, pure squamous cell carcinomas have
been reported at an even lower incidence [3,4,19].
Since the first pure squamous cell carcinoma in the
colorectum was reported by Schmidtmann in 1919
[20], profound literature research provided only
75 more cases to date, stating this neoplasm as
extremely rare, with frequencies of 0.1–0.25% of all
colorectal carcinomas [3,4,19]. Possible causes for this
squamous colonic carcinoma are chronic inflammation
in the context of ulcerative colitis, schistosomiasis,
human papillomavirus infection, abdominal sinus or
fistula, or pelvic radiation [4,21]. Associations between
neuroendocrine carcinomas or MiNEN of the colon
and ulcerative colitis, as seen in case 1, are sporadi-
cally reported [22,23]. The combination of the two
neoplasm types in the colorectal region is highly
exceptional and so far very little is known about the
underlying mutational landscape of such combined
carcinomas. In accordance with the new World Health
Organization Classification from 2019, mixed large
cell neuroendocrine carcinoma and squamous cell car-
cinoma in the colorectum is subsumed under the cate-
gory of MiNENs, formerly named MANECs, in which
each component accounts for ≥30% of the neoplasm
[24]. Although three case reports of mixed neuroendo-
crine carcinoma and squamous cell carcinoma of the
colorectum in literature do exist [5–7], only one of

Table 2. Co-occurrences and mutual exclusivities of mutated genes in colorectal adenocarcinoma data sets.
Significant co-occurrence Significant mutual exclusivity

Mutated genes
TCGA Nature
2012 Study

TCGA Pan Cancer
Atlas Study

MSKCC 2018
Cancer Cell Study

TCGA Nature
2012 Study

TCGA Pan Cancer
Atlas Study

MSKCC 2018
Cancer Cell Study

APC and CTNNB1 0 0 0 0 1 (0.014) 1 (<0.001)
APC and KRAS 0 1 (<0.001) 1 (0.014) 0 0 0
APC and PIK3CA 0 0 1 (0.019) 0 0 0
APC and TP53 0 1 (<0.001) 1 (0.022) 0 0 0
CTNNB1 and FBXW7 0 1 (<0.001) 0 0 0 0
CTNNB1 and PIK3CA 0 1 (<0.001) 0 0 0 0
CTNNB1 and RB1 0 1 (<0.001) 0 0 0 0
FBXW7 and KRAS 0 0 1 (0.001) 0 0 0
FBXW7 and PIK3CA 0 1 (0.012) 1 (<0.001) 0 0 0
FBXW7 and TP53 0 0 0 0 0 1 (0.013)
FBXW7 and RB1 0 1 (0.014) 1 (0.001) 0 0 0
KRAS and PIK3CA 1 (<0.001) 1 (<0.001) 1 (<0.001) 0 0 0
KRAS and TP53 0 0 0 0 0 1 (<0.001)
PIK3CA and TP53 0 0 0 0 1 (<0.001) 1 (<0.001)

Values indicate the existence (1) or non-existence (0) of significant co-occurrence, or significant mutual exclusivity between the listed mutated genes in three dif-
ferent data sets according to The Cancer Genome Atlas Program 2012 (TCGA, [16]), TCGA Pan Cancer Atlas Study [17] and Memorial Sloan Kettering Cancer Center
Study (MSKCC, [18]). No significant finding is shown in red, significant correlation in one data set is marked in orange and significant findings in two or more data
sets are highlighted in green. P values are indicated in parenthesis.
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those has been assessed for microsatellite stability. In
addition, one study examined the mutational status of
KRAS and BRAF [5]. However, none of these cases
has been analysed regarding its underlying genetic
background via next-generation sequencing. Thus,
we performed for the first time next-generation
sequencing-based multigene panel analysis of mixed
large cell neuroendocrine carcinoma and squamous
cell carcinoma of the colon.
Our two cases contain several remarkable similari-

ties. One is the striking morphology, showing squa-
mous carcinoma cells in central areas and poorly
differentiated large cell neuroendocrine carcinoma in
marginal areas, each component accounting for >30%
of the tumour. The squamous cell differentiation was
demonstrated not only by morphological features, such

as intercellular bridges and focal keratinisation, but
also by immunohistochemical expression of
cytokeratin 5/6 and/or p63, with p63 being positive
only in case 1. Cytokeratin 5/6 shows a sensitivity of
84% and a specificity of 79% in the diagnosis of squa-
mous cell carcinoma, and p63 exhibits similar diag-
nostic performance, with a sensitivity of 81–84% and
specificity of 85% [25,26]. Neuroendocrine differentia-
tion was confirmed by strong immunohistochemical
positivity for synaptophysin, which has been approved
as the best single marker for neuroendocrine tumours
[27]. In accordance with one previous study, we found
remarkably strong nuclear expression of CDX2 and
β-catenin in over 90% of tumour cells of both carci-
noma cases as well as in both components (neuroendo-
crine and squamous) of the tumours [7]. The high

Table 3. Mutations in colorectal neoplasms.

Entity AC MiNEN MiNEN NEC NEC
Combined large cell neuroendocrine

carcinoma and squamous cell carcinoma

Source TCGA, 2012 Woischke
et al, 2017

Jesinghaus
et al, 2017

Woischke
et al, 2017

Jesinghaus
et al, 2017

Present study

Number of cases 269 6 19 4 8 2
Mutations
AKT1 0 0 25 0
APC 61 83 16 75 63 0
ATM 4 0 14 50 0
BRAF 8 16 37 25 25 0
CTNNB1 1 (1 out of 2 cases)
EGFR 2 16 25 0
ERBB4 0 0 25 0
FBXW7 12 16 16 25 (2 out of 2 cases)
FGFR2 0 0 25 0
FLT3 5 0 25 0
GNAS 0 0 25 0
HRAS 0 0 25 0
IDH1 0 16 0 0
IDH2 1 0 25 0
JAK2 1 0 25 0
KDR 0 16 25 0
KRAS 35 83 21 100 25 0
MET 0 33 50 0
NOTCH1 0 33 25 0
PIK3CA 16 50 5 25 (1 out of 2 cases)
PTEN 5 0 11 0 0
PTPN11 1 0 25 0
RB1 1 16 50 (1 out of 2 cases)
RET 0 33 0 0
SMAD4 10 0 5 25 0
SMO 0 0 25 0
TP53 45 100 47 75 63 0
VHL 0 16 25 0

Frequencies of genetic alterations (in percent) of colorectal adenocarcinomas (AC), MiNENs, neuroendocrine carcinomas (NEC) in three studies (The Cancer Genome
Atlas Program 2012 (TCGA, [16]), Jesinghaus et al [48] and Woischke et al [47]) in comparison with the genetic alterations of the two cases of mixed large cell
neuroendocrine carcinoma and squamous cell carcinoma. Regarding TCGA cases, only putative driver mutations are included. Frequencies are highlighted by a
coloured scale ranging from 0% (yellow) to 100%, or out of two for the category of mixed large cell neuroendocrine carcinoma and squamous cell carcinoma
(green).
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nuclear abundance of β-catenin detected here in large
cell neuroendocrine carcinomas is very exceptional,
but has been reported previously [11]. Besides clinical
and morphological aspects, the strong nuclear CDX2
expression detected in the vast majority of carcinoma
cells indicates the colon as the primary origin of the
lesion, since CDX2 is known as a reliable marker for
cancers of intestinal origin [28]. Despite the young age
of the patients, both carcinomas were microsatellite
stable (MSS), excluding Lynch syndrome.
In one of the cases, we identified a CTNNB1 muta-

tion, which is a key factor in the Wnt signalling path-
way and well described in the development of
colorectal carcinomas [29,30]. In one of our cases,
there was a mutation in the tumour suppressor gene
RB1, which are present in 5.8% of all colorectal can-
cers (14, 15). To date, no statistically significant
impact of RB1 gene mutations on patient prognosis in
colorectal cancer has been shown [31]. In addition to
CTNNB1 and RB1, a PIK3CA mutation was found in
one of the two neoplasms. Mutations in PIK3CA can
be detected in various cancer types and have been
associated with more aggressive metastatic behaviour
in colorectal cancer [32]. However the PIK3CA
(c.1173A>G, p.Ile391Met) mutation found here was a
variant of uncertain significance (VUS) at the time of
diagnosis but is now considered benign [33]. Through
analyses of PIK3CA mutations in three colorectal
carcinoma data sets we detected a significant co-
occurrence of PIK3CA and KRAS, which supports
previous findings on that correlation [34].
The most important common feature of the two

cases is the FBXW7 point mutation c.1393C>T(p.
Arg465Cys). The FBXW7 gene codes for the substrate
recognition component of a SCF (SKP1-CUL1-F-box
protein) E3 ubiquitin–protein ligase complex, which
functions as an ubiquitin ligase marking several domi-
nant oncogenic proteins, including c-myc, cyclin E,
notch and β-catenin for ubiquitin mediated
proteasomal degradation [35,36]. Loss of function
FBXW7 mutations, like the R465C gene variant
described here, occur in approximately 11% of colo-
rectal cancers [37]. Mono-allelic missense alterations,
which affect crucial arginine residues, have been
reported to be the most common mutant genotypes,
even though bi-allelic inactivation mutations occur
[38]. In 2017, Korphaisarn et al showed data
suggesting a greater emphasis of FBXW7 missense
mutation in comparison to other gene aberrations for
patient outcome, linking these mutations, like those
found in the above presented two cases, with a strong
negative prognostic association [39]. Additional to its
role as a key player in maintaining the balance

between stem cell resting state and self-regeneration
[40], FBXW7 is a known regulator of Wnt/β-catenin
signalling in pancreatic cancer [41]. Although the lat-
ter has not yet been shown in colorectal cancer cells,
the concept of FBXW7 controlling Wnt/β-catenin sig-
nalling in colorectal cancer seems plausible, as a corre-
lation between FBXW7 status and Wnt/β-catenin
signalling has been demonstrated in various cancer
types [41–43]. Therefore, we suppose that the detected
FBXW7 mutation resulted in malfunctioning of
β-catenin depletion with subsequent β-catenin accumu-
lation in the nucleus, leading to extreme overactivation
of Wnt-signalling. Due to this excessive activation of
the Wnt/β-catenin pathway, tumour cells in the colon
may gain a pronounced plasticity, which may cause
the critical switch towards this special combined mor-
phology. Consistent with this hypothesis, de-
differentiation of colon cells by soluble Wnt-ligand
was recently shown by others [44]. Furthermore stud-
ies indicated the induction of squamous trans-
differentiation through activation of β-catenin
signalling in various tissues [45]. Additionally, this
hypothesis is supported by the findings of Davis et al,
who showed reinforced Wnt-signalling through
FBXW7 propeller tip mutation and hence a driven
tumorigenesis in mouse models [46]. Notably, the
R465 gene variant found in our two cases also repre-
sents a propeller tip mutation.
Of note, Wnt activating mutations in FBXW7 and

CTNNB1 are not restricted to the rare colorectal cancer
type identified here, but also occur in classical adeno-
carcinoma. However, it is widely accepted that the
intestinal epithelial cell subtype of cancer origin has a
major influence on ultimate tumour characteristics. In
neuroendocrine tumours, these cells are most likely
represented by neural crest-derived, precursor (entero)
endocrine cells [47]. Different subtypes of these secre-
tory precursor cells localise close to the crypt base,
show mixed expression of secretory and bona-fide intesti-
nal stem cell markers, and possess a high degree of plas-
ticity when confronted by regenerative signals, such as
pathway Wnt activation [48,49]. Importantly, a study by
Wang et al revealed that aberrant Wnt activation at an
early stage of neurogenin three-dependent enteroendocrine
cell differentiation induces small intestinal adenomas posi-
tive for serotonin expression in mice [50]. Given the low
frequency of enteroendocrine cells (1–2%), and the short
lifespan of their early precursors, this might explain the
rare occurrence of neuroendocrine tumours, and the mixed
neuroendocrine and squamous cell carcinomas described
here, in colorectal cancer patients. Future studies on ani-
mal models should clarify if the propeller mutation in
FBXW7 alone or in combination with alterations in RB1
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or CTNNB1, when occurring in distinct (neuro)endocrine
precursor cells of the adult colon, gives rise to the mixed
cancer type characterised in our study.
In summary, these data seem to be a first important

hint for the tumorigenesis of the mixed neuroendocrine
and squamous carcinoma subtype. The underlying
FBXW7 mutation might be the connecting element and
the trigger for the crucial morphological switch, via
overactivation of the canonical Wnt/β-catenin signal-
ling pathway. Its special relevance is also highlighted
by the fact that it appears to reveal co-occurrence with
two mutations, specifically RB1 and PIK3CA, which
were also detected in the presented cases. Other genes
related to neuroendocrine differentiation, like ASCL1,
may also play a role in the development of the neuro-
endocrine component, especially since ASCL1 is
involved in the Notch-Hes1 axis, which is analogous
to the Wnt-beta catenin signalling pathway, altered by
the FBXW7 mutation [51–53]. Our findings may expe-
dite the understanding of combined tumour develop-
ment in the colon and in addition help establish
awareness for such rare neoplasms, although continu-
ing research, especially with regard to divergent differ-
entiation of neuroendocrine- and squamous-related
genes, is necessary to fully decode the development of
this combined neoplasm.
In the past, we and others provided evidence that

MiNEN do have a monoclonal origin and are not sto-
chastically neighbouring tumours [54,55]. Further-
more, we found key mutations such as KRAS, TP53
and APC in both tumour components of MiNEN,
which indicated a tumour progression similar to the
well-known classical adenoma–carcinoma sequence of
colorectal adenocarcinomas [54]. We assume that the
large cell neuroendocrine carcinoma, after originating
from an adenoma or an adenocarcinoma, developed
squamous structures via transdifferentiating processes
and hence resulted in a combined large cell neuroendo-
crine carcinoma and squamous cell carcinoma, in which
the original glandular component vanished or was no lon-
ger detectable. Interestingly, the initial colon biopsy of
the first case showed parts of an ulcerated carcinoma in
addition to colon mucosa with distinct serrated morphol-
ogy, which supports this hypothesis. A different option in
the development of the combined morphology, such as
chemotherapy-induced transdifferentiation, as reported in
lung cancer, has to be considered as well [56]. However,
in our cases chemotherapy took place after the micro-
scopic characterisation of the resected specimen was
completed and thus a chemotherapy-induced switch
resulting in the combined morphology seems unlikely.
In conclusion, a mixed large cell neuroendocrine car-

cinoma and squamous cell carcinoma of the colon can

occur, even if it is extremely rare. Furthermore, we pro-
vide the histological and genetic evidence for a primary
origin of this combined carcinoma in the colon and our
data indicate that tumour development might occur via
FBXW7 mutation-triggered tumorigenesis, and very
intensive Wnt-signalling pathway enhancement. In
combination with the absence of classical mutations of
the adenoma–carcinoma sequence, as well as the nota-
ble morphology, this could be a first hint toward a dis-
tinct entity and novel subtype of colorectal carcinoma.
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