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Abstract

Our previous study of duodenal adenoma using an endocytoscopy system (ECS) demonstrated
that disappearance of goblet cells and spindle-shaped nuclei with loss of polarity were char-
acteristic features. In addition, round duct openings and finger-like projections were observed
in tubular adenoma and villous adenoma, respectively. Here, we retrospectively investigated
six cases of histologically proven sporadic non-ampullary mucosal duodenal cancer (NAMDC)
using ECS. Immunohistochemistry for CD10, MUC2, MUC5AC, and MUC6 was employed to
determine the mucin phenotype in addition to conventional HE histology. Imnmunohistochem-
istry revealed one case involving the duodenal bulb that was considered to be the mixed type.
The other five cases, located in the second or third portion, were considered to be the intestinal
type. Vital staining of the mixed-type case was considered insufficient for ECS observation
because of surface mucus. However, all five cases of intestinal-type duodenal cancer
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demonstrated a villous structure, disappearance of goblet cells and enlarged nuclei with loss
of polarity. Tubular structures were admixed in four of those cases. Four cases demonstrated
oval-shaped nuclei, and one case had spindle-shaped nuclei. Cases showing spindle-shaped
nuclei in most of the lesion were diagnosed histologically as cancer in adenoma where the
adenomatous component of the tumor was dominant. Oval-shaped nuclei and nuclear en-
largement are the characteristic features of NAMDC revealed by ECS and are included among
the histological criteria used for diagnosis. ECS offers the potential to perform real-time histo-

logical diagnosis of NAMDC in vivo. © 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Epithelial duodenal tumors are rare, and the incidence of duodenal adenoma revealed by
upper GI endoscopy examination is reported to be less than 0.4% [1]. On the other hand, the
widespread application of upper GI endoscopy in the last 2 or 3 decades has led to an increase
in the number of duodenal cancers being discovered [2].

Several studies have reported the usefulness of magnifying endoscopic observation with
narrow-band imaging (NBI-ME) for evaluation of non-ampullary duodenal epithelial tumor
(NADET) [3]. However, in those studies, it was not possible to distinguish non-ampullary mu-
cosal duodenal cancer (NAMDC) from duodenal adenoma because NBI-ME does not allow di-
rect observation of surface cell morphology.

The endocytoscopy system (ECS) is a novel ultra-high-magnification endoscope that al-
lows observation at the cellular level [4]. We have previously reported the ECS features of
normal duodenal mucosa and duodenal lesions in patients with familial adenomatous polypo-
sis [5]. In the normal duodenal mucosa, nuclei were observed to have a regular arrangement
in each villus with sparse goblet cells, whereas adenomatous lesions showed disappearance
of goblet cells and spindle-shaped nuclei with loss of polarity. In addition, round duct openings
and finger-like projections were observed in tubular adenoma and villous adenoma, respec-
tively. With regard to duodenal cancer, several articles have reported the ECS features of
NAMDC [6, 7]. However, as those studies recruited only a small number of NAMDC cases, de-
tailed comparison between the ECS features and conventional histology of NAMDC is still in-
sufficient. Here, we evaluated the ECS features of NAMDC with reference to conventional his-
tology combined with the mucin phenotype.

Case Series

We retrospectively investigated six cases of histologically proven NAMDC observed by
ECS at the Saitama Medical Center, Saitama Medical University, between 2015 and 2019.
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Equipment

We employed the GIF-H290EC for this study. This ECS has one lens whose magnification
can be increased consecutively from the conventional endoscopy level through to the NBI-ME
level (approximately x100), and to a maximum of x500 (tissue field of view, 570 x 500 pum)
using a hand lever.

In vivo Observation

Prior to ECS observation, we observed the lesions using white light and NBI with or with-
out slight magnification (approximately x100, conventional NBI-ME level). We then sprayed
the lesion with 0.5-1 mL of 2% methylene blue. Approximately 1 min after spraying the dye
on the target mucosa, we brought the ECS lens in contact with the lesion and finally zoomed
up to the maximum magnification. In cases of insufficient vital staining, re-staining was per-
formed.

Histological Examination

All six lesions were surgically resected. In addition to conventional HE staining, we per-
formed immunohistochemical analysis for CD10 (CD10 PA0270), Muc-2 (Muc-2 Glycoprotein
PA0155), MUC-5AC (Muc-5AC Glycoprotein PA0052), and MUC-6 (Muc-6 Glycoprotein
PA0053) (all from Leica Biosystems Newcastle Ltd., UK) for determination of the mucin phe-
notype. The intestinal type was defined as a phenotype positive for only intestinal markers
(MUC2 and/or CD10). Similarly, the gastric type was defined as a phenotype positive for only
gastric markers (MUC5AC and/or MUC6). Tumors positive for both the gastric and intestinal
phenotypes were considered to be of the mixed type.

Methods

From the ECS images, we evaluated the presence or absence of goblet cells, tubular struc-
tures or villous structures, loss of nuclear arrangement polarity, nuclear enlargement, and nu-
clear shape. We then compared the ECS images with histological sections that matched the
region observed by ECS.

Results

Detailed data for all six lesions are shown in Table 1. Macroscopically, all cases were of
the elevated type with a median diameter of 48.5 mm (range 25-70 mm). Immunohistochem-
ical analysis suggested that one case involving the duodenal bulb was the mixed type, whereas
the other five cases were the intestinal type and located in the 2nd or 3rd portion of the duo-
denum. Vital staining of the case considered to be the mixed type (case 1) was insulfficient for
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ECS observation because of surface mucus. In all five cases of intestinal-type duodenal cancer,
ECS demonstrated a villous structure, whereas tubular structures are admixed in four of these
cases. In all five cases, disappearance of goblet cells and loss of polarity were observed, and
the cancerous area showed enlarged nuclei. Four cases were found to have oval-shaped nucle;,
and one case had spindle-shaped nuclei. Loss of histological structure and nuclear morphol-
ogy demonstrated by ECS were matched to histological sections in most parts of the tumor
(Fig. 1). Among them, cases 2 and 3 showed spindle-shaped nuclei in most of the lesion. Case
2 showed only spindle-shaped nuclei, whereas case 3 showed enlarged oval-shaped nuclei in
a limited area among the villous adenomatous component (Fig. 2). These cases were diag-
nosed histologically as cancer in adenoma where the adenomatous component was dominant
in the tumor.

Discussion

The ECS technique, which allows endoscopic observations to be conducted at the cellular
level, was first developed by our own group and applied for clinical use in 2003, when we
reported in vivo observation of a case of esophageal cancer [8]. The GIF-H290EC was pro-
duced as an experimental prototype in 2015, and finally released onto the market in 2018 [4].
ECS allows detailed diagnosis of the gastrointestinal tract at the cellular level but has now
been applied to all parts of the digestive tract and other structures [9, 10]. The most notable
use of ECS is for real-time, high-resolution diagnosis of cellular abnormalities.

In the context of NADETS, ECS observation has two apparent diagnostic advantages. First,
real-time histological diagnosis using ECS may allow omission of biopsy histology. Tissue sam-
pling from NADETSs using endoscopic forceps biopsy sometimes induces severe fibrosis, cre-
ating difficulty with subsequent endoscopic treatment [11]. For this reason, omission of bi-
opsy histology would be of help to endoscopists. Second, it has been reported that the accu-
racy of duodenal biopsy sampling is relatively low (71.6%) [12]. Because duodenal cancer
arises from duodenal adenoma (through the adenoma-carcinoma sequence), any cancerous
region in the tumor is limited. Therefore, it is difficult for endoscopists to obtain adequate
biopsy samples from the cancerous area. The use of ECS may allow more accurate endoscopic
diagnosis or more adequate targeted biopsy for NADETS.

No pathological criteria for diagnosis of NADETSs have yet been established. Recently, it
has been reported that NADETS include two main categories based on the mucin phenotype:
intestinal or gastric [13]. The main pattern of duodenal carcinogenesis is considered to be the
“adenoma-carcinoma sequence,” similar to colorectal tumors. Thus, the main phenotype of
NADETs might be the intestinal type. Gastric-type NADETSs coexist with gastric foveolar met-
aplasia, duodenal gastric heterotopia, and/or Brunner’s gland hyperplasia. NADETSs of the gas-
tric type tend to be located in the proximal duodenum and have higher malignant potential
than those of the intestinal type [3]. Five of the six cases in our present series were considered
to be of the intestinal type that were clearly stained and observed using ECS. On the other
hand, one case considered to be of the mixed type could not be stained adequately because of
surface mucus. ECS observation of the stomach is sometimes difficult because surface mucus
prevents vital staining. Gastric or mixed-type NADETs may also secrete rich mucus that hin-
ders vital staining.
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In general, histological diagnosis of mucosal duodenal cancer is made on the basis of fea-
tures such as irregular nuclear size and shape, an increased nuclear:cytoplasmic (N/C) ratio,
loss of polarity in nuclear arrangement, and structural abnormality [14]. In our present series,
all cases of NAMDC showed a villous structure, disappearance of goblet cells, and loss of po-
larity. However, these features were also observed in duodenal adenoma. In our series, the
most apparent features of NAMDC revealed by ECS in comparison with duodenal adenoma
were oval-shaped nuclei and nuclear enlargement. An oval or round nuclear shape is a histo-
logical feature of duodenal cancer (whereas duodenal adenoma has spindle-shaped nuclei).
Further, nuclear enlargement demonstrated by ECS may reflect an increased N/C ratio. These
findings can help to target subsequent biopsy to an adequate cancerous area or allow biopsy
histology to be omitted. However, the present study was retrospective, conducted at a single
center, and included only a limited number of cases. Therefore, accumulation of further NA-
DET cases and more detailed comparison with histopathology are mandatory. In addition, ECS
itself is an intrinsic limitation in that it provides information only on surface epithelial cells
because of the character of vital staining. If cancerous cells are located on the subsurface of
the epithelium only, they would not be recognized. This is the fundamental limitation of ECS
observation. However, in our present series, the fact that ECS observation of NAMDC was able
to clearly visualize the histological character of the cancerous area was encouraging.

In conclusion, ECS observation of NAMDC has the potential to allow real-time histological
diagnosis in vivo, as oval-shaped nuclei and nuclear enlargement are the characteristic fea-
tures of this cancer. Because ECS can clearly demonstrate the cell arrangement and nuclear
morphology of NADETSs, we believe it can provide sufficient information to suggest whether
more detailed endoscopic evaluation would be justified.
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Fig. 1. a Non-magnified view of intestinal mucosal duodenal cancer (case 5). This cancer was whitish (par-
tially reddish), flat, and elevated. Endocytoscopic pictures in b and d were obtained from region A and
region B, respectively. b In region A, duct openings (tubular structure: arrow) inside areas of villus for-
mation with spindle-shaped and enlarged nuclei are evident. ¢ Histologically, villus structures with spin-
dle-shaped nuclei are also evident, suggesting this area was the adenomatous component (x400). d In
lesion B, enlarged oval-shaped nuclei with marked destruction of tubular or villous structures are evident.
e Histologically, this lesion was diagnosed as duodenal cancer showing round and oval enlarged nuclei
with loss of nuclear polarity and marked destruction of tubular or villous structures (x400). f-i This tumor
was considered to be intestinal type from the immunohistochemical analysis (x200). f CD10 negative. g
MUC2 positive. h MUC5AC negative. i MUC6 negative.
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Fig. 2. a Non-magnified view of an intestinal mucosal duodenal cancer (case 3). Endocytoscopic pictures
in b and d were obtained from region A and region B, respectively. b Region A shows a villous structure
with spindle-shaped nuclei. Endocytoscopically, most of the mucosal surface of this tumor appeared sim-
ilar to this picture. ¢ Histologically, villous structures with spindle-shaped nuclei are evident. The villous
adenomatous component is dominant in this tumor (x400). d In lesion B (limited area), enlarged oval-
shaped nuclei with villous structures are evident. e Histologically, this region was diagnosed as duodenal
cancer showing enlarged round and oval nuclei with loss of nuclear polarity with tubular or villous struc-
tures (x400). f-i This tumor was considered to be intestinal type from the immunohistochemical analysis
(x200). f CD10 positive. g MUC2 positive. h MUC5AC negative. i MUC6 negative.
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Case Gender Age, Location Maximal  Macroscopic ~ Mucin Goblet  Villus Tube Loss of Nuclear Nuclear
years diameter, appearance phenotype  cell structure  structure polarity  shape enlargement
mm

1 M 79 bulbs 70 elevated mixed poor vital staining

2 M 67 2nd portion 47 elevated intestinal - + + + spindle +

3 F 50 2nd portion 50 elevated intestinal - + + + oval +

4 F 68 2nd portion 40 elevated intestinal - + + + oval +

5 F 69 2nd portion 50 elevated intestinal - + + + oval +

6 M 66 3rd portion 25 elevated intestinal - + - + oval +
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