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A B S T R A C T

Composite intestinal adenoma-microcarcinoid (CIAM) is a rare colorectal lesion consisting of adenoma and small
well-differentiated neuroendocrine cell clusters at its base. Its incidence is unknown. Benign squamous morule
may demonstrate a neuroendocrine phenotype by immunohistochemistry. We investigated the incidence and
clinicopathologic features of CIAM in endoscopically unresectable, surgically removed colorectal adenomas and
evaluated its association with squamous morule.

Archived pathology materials from 158 surgically resected colorectal adenomas were reviewed. 139 (88%)
polyps were entirely submitted for microscopic examination. All lymph nodes were negative for adenocarcinoma
and neuroendocrine tumor. CIAM was identified in 6 (3.8%) cases. The microcarcinoid (MC) was distributed
over a mean of 5.8mm (range < 1 to 12mm), and was multifocal in 5 cases. The MC component was positive
for synaptophysin in 6, CK5/6 in 4, and β-catenin in 3 cases. Two of 6 (33.3%) CIAM showed concurrent
squamous morule, compared to 4.0% (6 of 152) of adenomas without MC (p < 0.05). At the end of the mean
follow-up of 53months, 4 were free of disease and one patient with previous history of pulmonary large cell
neuroendocrine carcinoma (NEC) had a recurrence of NEC. One patient died of an unrelated disease.

The incidence of CIAM in surgically removed colorectal adenomas is 3.8%, with an indolent clinical course.
Frequent co-expression of CK5/6 and β-catenin in MC combined with common co-existence of squamous morule
in the same polyp suggests shared pathogenesis of MC in CIAM and squamous morule, likely representing altered
Wnt/β-catenin signaling pathway.

1. Introduction

Composite intestinal adenoma-microcarcinoid (CIAM) is a rare in-
testinal lesion consisting of adenoma and small well-differentiated
neuroendocrine cell clusters at its base. Recently the term “mixed
adenoma-well differentiated neuroendocrine tumor (MANET)” has
been proposed for a combined lesion of adenoma and well differ-
entiated neuroendocrine tumor, including CIAM [1]. The micro-
carcinoid (MC) component of CIAM is typically located at the base of
polyps, usually within the lamina propria. The MC component occupies
only a minute area and forms small nests or clusters without a visible
nodule or mass, and the overall architecture of the polyps is preserved
[2-5]. Although this entity is increasingly recognized, its incidence is
unknown, and its pathogenesis and prognosis remain uncertain due to
its rarity.

Squamous morule is rarely identified within colorectal adenomas

with a reported incidence of 0.4%. Microscopically, squamous morule
consists of discrete nests/nodules of immature squamous epithelial cells
without identifiable keratin pearls or intercellular bridges [6]. The nests
may protrude into the lumen of adenomatous glands, or may be iden-
tified at the base of the polyps [7]. Recently, Lee et al. reported that
squamous morule may show immunohistochemical expression of neu-
roendocrine markers [7]. Given the morphologic and im-
munohistochemical similarities between squamous morule and the MC
component of CIAM, we hypothesized that these two entities may share
common pathogenesis and that there would be an association between
the two. In order to fully assess the base of the polyps, we studied
surgically removed colorectal adenomas. The aim of the present study is
to investigate the incidence and clinicopathologic features of CIAM in
surgically removed colorectal adenomas and evaluate its association
with squamous morule. In this manuscript, we use the term CIAM as
previously used in the literature on the subject for ease of comparison
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and to emphasize the small size of the MC components.

2. Materials and methods

2.1. Cases

This study was approved by the Institutional Review Board with a
waiver of informed consent. Archived pathology materials from con-
secutive, surgically removed colorectal adenomas (2003–2018) were
retrieved and reviewed. Clinicopathologic characteristics including age,
gender, surgical procedure, location and size of the polyp, entirety of
polyp submission for microscopic examination, and follow-up data
were obtained from the electronic medical records and pathology re-
ports. Unless specified otherwise, polyps were serially sectioned and
submitted in consecutive blocks.

2.2. Microscopic examination

All the original diagnostic slides of the polyps were reviewed by two
pathologists (Z.F. and H.L.). Polyps with invasive adenocarcinoma were
excluded from the analysis. The polyps were classified as tubular, tu-
bulovillous, villous, sessile serrated and traditional serrated adenomas.
The presence of high grade dysplasia was assessed. The adenomatous
components were evaluated for the presence of MC, and squamous
morule.

In this study, squamous morules were defined as immature squa-
moid or spindled cells forming nests and nodules without definitive
keratinization or intercellular bridges [7] [Fig. 1, Fig. 2]. MC was de-
fined as small nests, irregular clusters or cords of cells with occasional
lumina-like structure with an immunophenotypic evidence of neu-
roendocrine differentiation and with the morphology of well-differ-
entiated neuroendocrine tumor, regardless of the size of the lesion
[2,4,5,8] [Fig. 2]. Neuroendocrine cells within the overlying adeno-
matous crypts were not considered as MC [8]. All the lymph node
sections were reviewed for the presence of metastatic neuroendocrine
tumor or adenocarcinoma.

2.3. Cases with squamous morule (SM-1, SM-2)

The amount of squamous morules was insufficient for multiple im-
munohistochemical staining in many of our cases. Therefore, an addi-
tional two resection cases with sufficient amount of squamous morule
(SM-1, SM-2) were evaluated by immunohistochemistry. SM-1 was
from outside the search window (2019). In SM-2, squamous morules
were mixed with invasive adenocarcinoma components. Thus, these
two cases were not counted toward the statistical analysis.

2.4. Immunohistochemistry

Representative sections of selected cases, including SM-1 and SM-2
were subject to immunohistochemical staining for synaptophysin,
chromogranin, cytokeratin 5/6, ki67 and β-catenin on Ventana

BenchMark Ultra platform. For β-catenin, nuclear and/or cytoplasmic
staining was considered positive [Table 1].

2.5. Statistical analysis

Fisher's exact test was performed to compare the frequencies of two
parameters. Student's t-test was performed to compare the means of two
groups. P < 0.05 was considered statistically significant.

3. Results

3.1. Demography and gross findings

A total of 158 cases (from 158 patients) of surgically removed
polyps were retrieved (2003–2018). The polyps were removed by par-
tial cecectomy (n=1), right hemicolectomy (n=108), segmental
colon resection (n=37), low anterior resection (n=7), or transanal
submucosal resection (n=5). The mean age of the patients was 65
(range: 34 to 94) years, with no gender predilection (mal-
e:female= 79:79). Twenty cases had additional adenomas larger than
0.5 cm in the same specimen, which were also reviewed, but were not
included in this study. The average size of the polyps was 3.0 (range:
0.5 to 11.0) cm. 139 (88%) of 158 polyps were entirely submitted for
microscopic examination, with the mean number of slides examined
5.6/polyp [Table 2].

3.2. CIAM: incidence, microscopic examination and immunohistochemistry

Of the 158 cases, 6 cases showed MC components, with an overall
incidence of 3.8% for CIAM in our cohort. Five cases were in the right
colon, and the remaining one was in the transverse colon. All CIAMs
showed tubulovillous adenomatous components (100%). High grade
dysplasia was noted in 3 of 6 (50.0%) cases. There was no statistically
significant difference in polyp size, polyp location (right vs. left) or the
frequency of associated high grade dysplasia between adenomas with
and without MC [Table 2, Table 3].

The MC component was at the base of full-thickness adenomatous
components in myxoinflammatory lamina propria with conspicuous
eosinophils [Fig. 2]. The nests or cords of MC were sparsely distributed
and did not form mass-like lesion. Thus, they were identified only at
high magnification as scattered foci, and we were unable to measure
their sizes in a conventional way. Therefore, as an alternative, the
“distribution” of MC was calculated by adding an average thickness
(3 mm) of processed tissue when MC was seen in more than one con-
secutive tissue blocks. The MC was distributed over a mean 5.8
(range < 1 to 12) mm and was apparently multifocal in 5 cases. In two
cases (case 9 and 12), the MC component focally extended into the
superficial submucosa. The constituent cells were monotonous and
bland without nuclear atypia, pleomorphism, mitotic activity, or
apoptosis. The immunoprofile of the MC components is in [Table 4].

Fig. 1. Squamous morule (arrows) consisting of immature squamoid cells without identifiable keratin pearls or intercellular bridges, as shown in case 2 (A) and case
5 (B) (A, B: Hematoxylin & eosin, x200).
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3.3. Squamous morule: incidence and microscopic examination

Of the 158 cases, 8 (5.1%) had squamous morule in the adenoma-
tous components. The squamous morules frequently protruded into the
lumina of the adenomatous glands or formed a nodule that was con-
tiguous with the glands [Fig. 1]. In 2 cases, squamous morules were also
noted at the polyp base, detached from the adenomatous glands. The
squamous morule was positive for CK5/6 when immunohistochemistry
was performed (case 5 and 7). In the two additional cases with squa-
mous morule (SM-1, SM-2), the squamous morules were positive for
CK5/6 and β-catenin, and were negative for synaptophysin and chro-
mogranin.

Two adenomas with squamous morule had a concurrent MC com-
ponent, oftentimes in close proximity to each other. Therefore, 33.3%
(2 of 6) of CIAM showed concurrent squamous morule [Fig. 2], com-
pared to 4.0% (6 of 152) of adenomas without MC (p < 0.05)
[Table 3].

3.4. Lymph node examination and follow-up

All lymph nodes were negative for adenocarcinoma or neuroendo-
crine tumor in both the CIAM and conventional adenoma group. The
mean follow-up duration for the CIAM group was 53 (range: 14 to 113)
months. At the end of the follow-up, 4 were free of disease and one
patient with previous history of pulmonary large cell neuroendocrine
carcinoma (NEC) had a recurrence of NEC. One patient died of an un-
related disease. The two patients with MC components extending to

Fig. 2. Microcarcinoid (MC) of case 7 (A, B) and case 8 (C, D). MC component of composite intestinal adenoma-microcarcinoid (CIAM) is typically located at the base
of polyps (short arrows), and is sparsely distributed without forming a mass lesion. MC shows immunolabeling for synaptophysin (B) and β-catenin (D). The
coexisting squamous morules are demonstrated in insets (long arrows) (A, C: Hematoxylin & eosin, x200; B: Synaptophysin, X200; D: β-catenin, x200).

Table 1
Antibodies used for immunohistochemistry.

Clone Clonality Dilution Vendor Staining localization

Synaptophysin Synaptophysin Rabbit P Pre-dilute Cell Marque, Rocklin, CA, USA Cytoplasmic
Chromogranin LK2H10 Mouse M Pre-dilute Ventana Medical Systems, Inc., Tucson, AZ, USA Cytoplasmic
Cytokeratin 5/6 D5&16B4 Mouse M (two) Pre-dilute Cell Marque, Rocklin, CA, USA Cytoplasmic
Beta-catenin 14 Mouse M Pre-dilute Cell Marque, Rocklin, CA, USA Nuclear/cytoplasmic

a

Ki67 30-9 Rabbit M Pre-dilute Ventana Medical Systems, Inc., Tucson, AZ, USA Nuclear

Abbreviations: P: polyclonal; M: monoclonal.
a Nuclear/cytoplasmic stain is considered positive, usual localization is membranous.

Table 2
Comparison between colorectal adenoma without and with microcarcinoid.

Adenoma
(without MC)

CIAM

Number of cases 152 6
Mean age (range), years 65 (34 to 94) 67(55 to 78)
Gender (M:F) 75:77 4:2
Procedure Partial cecectomy 1 0

Right
hemicolectomy

103 5

Segmental resection 36 1
Low anterior
resection

7 0

Transanal excision 5 0
Mean size of adenoma

(range), cm
3.0 (0.5–11) 4.2 (2.5–6.3)

Adenoma component (#
of cases)

Tubulovillous 94 6
Tubular 47 0
Villous 5 0
Sessile serrated 4 0
Traditional serrated 2 0

High grade dysplasia (%) 40.1 50.0
Squamous morule (%) 4.0⁎ 33.3⁎

Abbreviations: MC, microcarcinoid; CIAM, Composite intestinal adenoma-mi-
crocarcinoid; M, male; F; female.

⁎ The difference is statistically significant (p < 0.05).
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involve the submucosa (case 9 and 12) were followed up for 14 and
15months, respectively, with no evidence of recurrence or metastasis of
neuroendocrine tumor.

4. Discussion

Neuroendocrine tumor and endocrine cell hyperplasia adjacent to
glandular dysplasia has been described in inflammatory bowel disease
[9,10]. Some authors have postulated that multipotent stem cells re-
siding in adenomatous component might evolve into neuroendocrine
tumor [10]. CIAM that is not associated with inflammatory bowel dis-
ease was first described by Moyana et al. in 1988 [11]. These authors
hypothesized that CIAM represents either a collision tumor, or that the
adenoma and carcinoid components within CIAM may be related, given
the transition zone between the two components in one CIAM case [10].
The notion that adenoma and MC components may be related and share
a common origin was further supported by additional reports of CIAM
with endocrine immunophenotype at the base of the adenoma, and
identical molecular profiles in both components [2,12].

Since its first description, CIAM has been sporadically documented
as a case report or small case series in the literature. To date, the in-
cidence of this presumably rare lesion is unknown [2-5,8,13,14]. The
largest series of colorectal CIAM consisted of 24 cases that were re-
ported in South Korea by Kim et al. in 2017. Fourteen of their cases
were prospectively collected over a 38-month period. However, the
authors did not report the incidence of CIAM in their cohort [3]. In the
United States, Estrella at al reported 21 cases of colorectal CIAM, in-
cluding 2 from the ileocecal valve. The authors retrieved the cases by
“retrospective search of the surgical pathology file” over a 17.5 year
period at a large cancer center. However, the incidence of colorectal
CIAM in their cohort was also not documented [8]. Other studies of
CIAM included consult cases and prospectively collected cases, pre-
cluding evaluation of the incidence of the lesion [2,4,5].

In order to study the incidence of rare microscopic lesion such as
CIAM, a reasonably sized homogeneous cohort needs to be systemically

reviewed, including histologic assessment. Moreover, the MC compo-
nents of CIAM are usually situated at the base of the polyps, requiring
evaluation of polyp base to detect MC components. For example, in Kim
et al.'s study, 20 of the 24 polyps were removed by endoscopic sub-
mucosal dissection (n=11), endoscopic mucosal resection (n=7), and
colectomy (n=2) [3]. The adenoma component of CIAM also tends to
show features of advanced/high risk polyp, with>1 cm in size, villous
component and high grade dysplasia [5,8]. Thus, in order to systemi-
cally review adenomas that are likely to have MC components at the
polyp base, we targeted surgically removed polyps over a 16 year
period from one tertiary medical center with active colorectal surgery
service. The incidence of CIAM was 3.8% in our cohort.

The term morule, squamous morule, squamoid morule, squamous
metaplasia, and squamous differentiation have been used inter-
changeably in the literature. While it remains unclear whether these are
distinguishable or not [3,7,15-20], morules showed squamous differ-
entiation at the ultrastructural level [20]. Squamous morule in color-
ectal adenoma was first described in 1981 [21], with the reported in-
cidence of about 0.4% [6,7].

Histomorphologic and immunophenotypic resemblance between
the MC component of CIAM and squamous morule has been recognized
[3,5]. In Kim et al.'s cohort, 5 CIAM were initially diagnosed as tubular
adenoma with squamous morule, and one as tubular adenoma with
squamous metaplasia [3]. In Pulitzer et al.'s study, one CIAM was ori-
ginally interpreted as adenoma with squamous metaplasia [2]. In Sal-
aria et al.'s study, MC was interpreted as squamous morule in 5 of 10
“submitted” cases by the submitting pathologists. The MC components
of CIAM were also variably immunoreactive with p63 and/or cytoker-
atin 5/6, suggesting squamous differentiation [5]. Lee et al. reported 5
colon polyps with squamous morules within the pseudoinvasive foci of
adenomas that mimicked invasive squamous cell carcinoma. Although
the authors did not compare these squamous morules with MC in the
manuscript, interestingly, three cases and one case showed focal im-
munoreactivity for synaptophysin and chromogranin within the squa-
mous morules, respectively, similar to MC components of CIAM.

Table 3
Characteristics of patients with polyps with squamous morule and/or microcarcinoid.

Case Age (years) Gender Adenoma component Size of polyp (cm) Location High grade dysplasia Squamous morule MC

1 66 F Tubulovillous 3.1 Cecum No Yes No
2 58 F Tubulovillous 3.5 Sigmoid Yes Yes No
3 79 F Tubulovillous 3.0 Rectum No Yes No
4 56 F Tubulovillous 3.1 Sigmoid Yes Yes No
5 83 F Tubulovillous 4.7 Right Yes Yes No
6 64 M Tubulovillous 2.5 Left Yes Yes No
7 78 M Tubulovillous 3.8 Right No Yes Yes
8 65 F Tubulovillous 3.0 Right No Yes Yes
9 61 F Tubulovillous 6.3 Right Yes No Yes
10 55 M Tubulovillous 4.3 Right No No Yes
11 70 M Tubulovillous 5.8 Right Yes No Yes
12 73 M Tubulovillous 2.5 Transverse Yes No Yes

Abbreviations: MC, Microcarcinoid; F, female; M, male.

Table 4
Characteristics of microcarcinoid components in composite intestinal adenoma-microcarcinoid.

Case Focality Distribution Submucosal invasion of MC Synaptophysin CK5/6 Beta-catenin Chromogranin Ki67

7 Multifocal 12 mm
a No + f + f + + <1%

8 Multifocal < 1 mm No + f + + − <1%
9 Multifocal 5 mm Yes + f+ − − <1%
10 Multifocal 5 mm No + − − + <1%
11 Multifocal 6 mm

a No + f + + − N/A
12 Unifocal 6 mm Yes + N/A N/A − N/A

Abbreviations: MC, microcarcinoid; f, focal; +, positive; −, negative.
a Distribution of MC was measured by adding the thickness (3 mm) of consecutive tissue blocks with MC; N/A, not applicable, stain was not performed or the focus

of interest was not present in the level section for the immunostain.
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Moreover, the authors described isolated squamous morules forming
solid nests in pseudoinvasive stroma or a myxoinflammatory stroma,
unassociated with adenomatous components [7]. The description of
these isolated nests of squamous morule is indeed similar to that of MC
components in CIAM.

Given their immunophenotypic and morphologic resemblance, and
frequent co-existence as demonstrated in our study, we hypothesize
that squamous morule and MC component of CIAM may share a
common pathogenesis of altered Wnt/β-catenin signaling. Wnt sig-
naling is a pathway involved in cell proliferation and differentiation,
wherein β-catenin molecule is a crucial component [22]. Squamous
morules of colorectal adenomas frequently demonstrate nuclear and
cytoplasmic β-catenin immunolabeling [15,17], which was the case in
our study as well. Also, β-catenin mutation was identified within mi-
crodissected morules in pulmonary blastoma, endometrioid carcinoma,
and well-differentiated fetal adenocarcinoma of the lung, though im-
munohistochemical stain for β-catenin was negative within the morules
[23].

Likewise, cytoplasmic and/or nuclear β-catenin localization in car-
cinoids correlates with aberrant Wnt/β-catenin signaling [24,25]. Fu-
jimori et al. performed both β-catenin immunohistochemistry and PCR-
based direct DNA sequence analysis on 72 gastrointestinal carcinoid
tumors. 57 (79%) of 72 cases showed cytoplasmic and/or nuclear β-
catenin immunolabeling, of which 26 (46%) cases showed β-catenin
mutation in exon 3 [25]. Subsequent study showed that not only ge-
netic alterations including β-catenin, but also epigenetic alterations in-
volving CpG islands of several other genes may alter Wnt/β-catenin
signaling pathway. Beta-catenin immunostain was negative within
these carcinoids with epigenetic alterations [24]. In our study, 5 CIAM
cases were subject to β-catenin immunohistochemistry and 3 cases
showed nuclear and cytoplasmic β-catenin immunolabeling within the
MC components.

Wnt signaling is implicated in stem cell biology [22]. Thus, our
observation of strong association between squamous morule and MC in
CIAM, and other authors' speculation that the MC and adenoma com-
ponent of CIAM share a common origin [2,12], appear to support a
notion that all three components – squamous morule, adenoma com-
ponent associated with MC, and MC of CIAM – are related and may
originate from a multipotent stem cell. The significance of potential
mechanistic association between the three components is unclear and
warrants further study.

A majority of previous studies indicated favorable outcome of CIAM
[2,3,5,12]. A single case of CIAM wherein the MC component invaded
the submucosa with an infiltrative growth pattern was found to have
high grade NEC in a lymph node in subsequent surgical resection [4]. In
Estrella et al.'s study, 10 (40%) of 25 duodenal and colorectal CIAM
showed submucosal invasion of the low grade neuroendocrine tumor
and one showed lymphatic invasion. However, none of the patients
showed adverse outcome related to CIAM after 2 to 128months of
follow up [8]. Similarly, after the mean follow-up period of 53months,
none of our CIAM patients developed adverse outcome related to CIAM,
though MC in two cases focally involved superficial submucosa. Our
data together with previous data appear to support favorable outcome
of the MC component of CIAM.

Given its indolent behavior, background myxoinflammatory stroma
resembling desmoplasia, and morphologic and immunohistochemical
resemblance to squamous morule, awareness of CIAM and its associa-
tion with squamous morule is important to avoid over-diagnosis of in-
vasive adenocarcinoma and squamous cell carcinoma. Alternatively,
adenomas harboring squamous morule at the polyp base may be in-
terpreted as CIAM and it may be difficult or nearly impossible to dis-
tinguish the two. As Salaria et al. postulated, squamous morule and MC
may, biologically, represent the same entity [5].

Nevertheless, as squamous morule is considered benign and MC of
CIAM is likely indolent, there may not be a significant clinical im-
plication if the lesion is recognized as indolent and the polyp harboring

the lesion is completely excised. Lastly, MC of CIAM may be under-
recognized as the lesion is situated at the base of a usually large polyp
as microscopic foci. Although the MC may extend over several mili-
meters, the individual foci are usually subtle and scattered, and often-
times mimic tangentially sectioned base of the adenomatous crypts. For
example, MC component in 3 of 6 cases were not recognized in our
cohort and were only later identified when all polyps were purposefully
reviewed by the authors. In Pulitzer et al.'s study, 1 of 4 CIAM cases was
initially overlooked, leading the authors to postulate that the pre-
valence of CIAM may be higher than supposed [2]. In Salaria et al.'s
study, the impressions of the MC components were not provided in 3 of
10 “submitted” cases [5]. All the MC components in our cohort were
completely excised and no patients had adverse outcome related to MC.

The limitation of our study is that molecular testing was not per-
formed to confirm the potential common pathogenesis of MC and
squamous morule. Likewise, only 2 cases of squamous morule were
subject to β-catenin immunohistochemistry. Although previous studies
regarding squamous morule within colorectal adenomas made a similar
observation [15,17], we cannot draw a major conclusion based on small
number of cases. Also, a majority of level sections that were used for
ki67 immunostain had<500 MC cells (it is recommended that
500–2000 tumor cells are to be assessed) [26], limiting the validity of
the ki67 assessment. However, the MCs were bland with no mitosis,
atypia, necrosis or infiltrative growth, likely representing a low grade
lesion. Lastly, some MC components were negative for chromogranin, a
more specific immunomarker of neuroendocrine differentiation than
synaptophysin. Although our findings are in line with previous reports
of immunoprofile of CIAM [2-5], this observation raises a possibility
that the lesion we refer to as CIAM (or MANET) may be a heterogeneous
group with a spectrum of varying morphology and immunoprofile.

In conclusion, the incidence of CIAM in surgically removed color-
ectal adenomas over a 16-year-period was 3.8%, with an indolent
clinical course. Frequent co-expression of CK5/6 and β-catenin in MC
combined with common co-existence of squamous morule in the same
polyp suggests shared pathogenesis of MC in CIAM and squamous
morule, likely reflecting altered Wnt/β-catenin signaling pathway.
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