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Abstract

AIM

To test the validity of tumour thickness measurement in
distinguishing between the different infiltration depths,
especially when the duplication of muscularis mucosae
cannot be demarcated clearly.

METHODS

We re-evaluated 100 completely embedded Barrett’s
adenocarcinomas regarding m-classification, maximum
tumour thickness, and muscularis mucosae duplication.
For validation, smoothelin staining was performed on a
subset of cases.

RESULTS
The m1l-, m2- and m3-classified adenocarcinomas
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showed a significant lower tumour thickness compared
to the m4- and sm1l-classified lesions (P < 0.001).
Smoothelin staining determined a clear muscularis
mucosae duplication in 64% of the tested samples and
enabled the differentiation of the two layers in diffuse
and merged splits.

CONCLUSION

Tumour thickness in early oesophageal adenocarcinoma
significantly correlates with the depth of infiltration
and demonstrates its worth as an accurate pT
classification in non-polypoid lesions. We created a
new algorithm, which combines histomorphology with
morphometric analyses. It is noteworthy that it facilitates
the assessment of mucosal vs submucosal infiltration
depth. The smoothelin staining strengthened our
results of the tumour thickness evaluation and can be
used in cases of doubt.

Key words: Smoothelin; Endoscopic submucosal dissection;
Muscularis mucosae; Barrett’s carcinoma

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The aim of this study was to determine
whether histomorphometric measurement of tumor
thickness and immunohistochemical staining for
smoothelin facilitate the exact pT substaging in early
oesophageal adenocarcinoma. Our data showed
that there is clear cut-off of 1000 um to distinguish
advanced early lesions (M4/sm1) from such lesions
that do not reach the deep muscularis mucosae or the
submucosa. Moreover, smoothelin staining is of help
to distinguish the superficial from the deep muscularis
mucosa by different staining intensities. Therfore,
both methods could be shown to be of help for the
often challenging task to T-classify early oesophageal
adenocarcinomas.

Endhardt K, Mirkl B, Probst A, Schaller T, Aust D. Value
of histomorphometric tumour thickness and smoothelin
for conventional m-classification in early oesophageal
adenocarcinoma. World J Gastrointest Oncol 2017; 9(11): 444-451
Available from: URL: http://www.wjgnet.com/1948-5204/full/v9/
111/444 htm DOIL: http://dx.doi.org/10.4251/wjgo.v9.111.444

INTRODUCTION

Early oesophageal adenocarcinoma, arising from
Barrett Oesophagus, most frequently occurs in Caucasians
and shows a rising incidence in recent decades!™!.
The latest studies confirm that endoscopic submucosal
dissection (ESD) is a safe and curative endoscopic
method, yielding better RO resection rates than
endoscopic mucosal resections (EMR)™**®, Since the
current endoscopic techniques allow for minimally
invasive curative en-bloc resection of early carcinoma,
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it is essential to determine the accurate depth of
infiltration. In particular, it is of crucial importance
to distinguish between mucosal and submucosal
invasion. While this is simple in most areas of
gastrointestinal tumours, it can be a challenging problem
in Barrett’s carcinoma. This is mainly caused by muscularis
mucosae duplication, which was first described in
199071, Based on Vieth and Stolte, the intramucosal
carcinoma is divided into 4 subgroups, depending
on the infiltration depth as follows: m1, limited to
the Lamina propria mucosae; m2, the superficial
muscularis mucosae (SMM); m3, the layer in between
the superficial and deep muscularis mucosae (DMM)
and m4, the DMM"®!, Submucosal invasion sm1 (<
500 um), in association with poor differentiation (G3)
or diameters > 20 mm, as well as sm2-invasion (>
500 um) or deeper, are indications for a subsequent
surgical resection®™®. Furthermore, significantly higher
rates of lymphatic invasion and lymph node metastasis
identify sm1-invasion and are important prognostic
factors™®'”. Due to the diffuse and confusing splits
of the muscularis mucosae, poor material quality or
piecemeal resections (EMR), the subclassification
cannot be properly defined in each sample. When
evaluating the slides, it is always important to keep
in mind that the tumour beneath a layer of smooth
muscle is not necessarily submucosal (sm) but could
just as well be located within a splintered muscularis
mucosae (m3) (Figure 1). Penetration of the SMM
can be mistaken for an initial submucosal invasion
and may have severe consequences to the further
treatment plan, including mismanagement, such as
oesophagectomy without adequate indication!***!l,
We, therefore, examined our ESD collection with early
oesophageal adenocarcinoma and searched for a new
parameter facilitating the exact subclassification as
an adjunct to the conventional histomorphological
method. With the help of a histomorphometric tumour
thickness measurement, we intended to establish a cut-
off value for distinguishing between the penetration of
the SMM and the DMM, where the latter is equivalent
to submucosal infiltration. The use of smoothelin
immunohistochemistry for distinguishing between
the muscularis mucosae and the muscularis propria
is well established in bladder carcinoma™. In staging
Barrett’s adenocarcinoma, it is not yet fully evaluated,
but recent studies emphasized the different staining
intensities in the superficial compared to DMM as
an important discriminatory marker™4, To confirm
the reported findings and evaluate the additional
discriminatory power, the smoothelin staining was
used in a subset of cases in combination with the
histomorphometric analysis.

MATERIALS AND METHODS

Specimens
The study was performed according to the national
rules and was approved by the institutional ethical
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pT1 (SM3)

Figure 1 The difficulty in distinguishing between the smooth muscle cells of the muscularis mucosae, which can eventually be splintered in the
superficial muscularis mucosae and the deep muscularis mucosae, and those of the muscularis propria. This schematic drawing shows a section of a Barrett's
adenocarcinoma that may, at first glance appear, relatively straightforward, but determining the type of muscle layer can be challenging. Identifying large vessels (A)
may suggest the diagnosis of submucosal invasion (B) and is, therefore, a well-known pitfall, as large vessels can also be found in between the superficial and DMM
(C). An intramucosal carcinoma pT1 (m3) can therefore easily be mistaken as a submucosal carcinoma pT1 (sm). M: Mucosa; SMM: Superficial muscularis mucosae;

DMM: Deep muscularis mucosae; MP: Muscularis propria.

review board of the Klinikum Augsburg. All the ESDs
of Barrett Oesophagus with adenocarcinoma between
2008 and the end of 2014 were retrieved from the
archives of the Institute of Pathology, Klinikum
Augsburg (Augsburg, Germany), and all the sections
(the lesions were oriented and completely paraffin-
embedded) were reviewed by at least two independent
experienced pathologists without knowledge of the
initial report (BM, DA, and HA). In discrepant cases,
a consensus diagnosis was established after a re-
evaluation on a multi-headed microscope. Haematoxylin
and eosin-stained sections were reviewed regarding the
pT (m/sm)-subclassification, grading, and resection
margins. Neoplastic superficial lesions with a polypoid
morphology (Paris endoscopic classification type 1)
were excluded from the study to avoid a bias of the
measuring method. Flat, slightly elevated or slightly
depressed tumours (Paris endoscopic classification
type 1) were included. A validation set of 25 cases
(beginning of 2015 to mid-2015) was selected from
our archives and was analysed as described.

Morphometric analysis

After detecting the area with the deepest infiltration,
the tumour thickness was measured in millimetres
using a digital camera with calibrated software (ProgRes
C10, Jenoptik, Jena). It is important to mention that
the invasion depth was not of interest, but we were
interested in the complete thickness of the tumour
throughout all the mucosal layers, from the surface
to the invasion front. In case of undermining growth
beneath the intact epithelium, tumour thickness was
measured from the most superficial neoplastic cell
layer to the point of deepest invasion (Figure 2). Size
values were assigned to the subgroups depending on
the infiltration level.

Immunohistochemistry and evaluation of the muscularis
mucosae

Slides showing the deepest infiltration level from 33
randomly selected cases were sectioned and stained
for smoothelin (Cell Marque Clone R4 A, monoclonal
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mouse, dilution 1:100) and desmin (Dako, Clone D33,
monoclonal mouse, dilution 1:200). The Ventana
Ultraview detection system (Roche Diagnostics,
Mannheim, Germany) was used for the development
of the reactions. The slides were evaluated for the
following parameters: Length of muscularis mucosae
duplication within the Barrett’s lesion in percent (< 5%,
> 5 and < 50%, > 50 and < 95%, > 95%); scattered
split and notable difference in staining intensity of the
SMM vs the DMM. Discrepant cases were reviewed
together for a consensual diagnosis.

Statistical analysis

The Spearman Rank Order Correlation Test was used
to calculate the correlation between tumour thickness
and pT stage. A One-Way Repeated Measures Analysis
of Variance was used to compare the numeric values
of the pT subgroups. To isolate the groups that differed
from the others, the Holm-Sidak method was applied.
The mean values are given with £ 1 SD. A P-value
of < 0.05 was considered significant. The sensitivity,
specificity, and the positive and negative predictive
values were calculated to measure the diagnostic
accuracy of the morphometric evaluation. All the
calculations were performed using the Sigma Plot
13.0 software package (Systat, Richmond, VA, United
States).

RESULTS

Morphometry

Cases were primarily included for analysis based on
the diagnosis in the original pathology report. A total of
100/100 cases (100%) were confirmed as harbouring
an early adenocarcinoma arising in Barrett's mucosa.
However, 12/100 cases (12%) had to be excluded
due to a polypoid growth pattern. Thanks to the good
quality of the ESD specimens, the overall orientation
was excellent, and representative cross sections were
available throughout most specimens. Only 5/100
cases (5%) had to be excluded due to technical issues,
where rotated and tilted positions caused imprecise
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Figure 2 In case of undermining growth beneath the intact epithelium, tumour thickness was measured from the most superficial neoplastic cell layer to
the point of deepest invasion. A: HE 50 x; ESD specimen with early Barrett's adenocarcinoma pT1 (m3) with infiltration between the SMM and DMM and a tumour
thickness of 900 um. Tumour thickness was measured from the most superficial tumour cell layer to the deepest point of the invasion; B: Smoothelin IHC 50 x;
Immunohistochemical staining discriminates between the SMM (light brown) and DMM (dark brown). A tumour gland can be seen in-between the two muscle layers;
C: HE 16 x; Neoplastic glands reach the DMM. Smooth muscle fibres are found in the neighbourhood of the glands. The tumour thickness is approximately 1500
um (m4); D: Smoothelin IHC 200 x; Immunohistochemical staining confirms the m4 stage. Dark brown fibres of the DMM are found on the same level as the tumour
glands; E: HE 16 x; ESD specimen with an adenocarcinoma of the oesophagus that reaches the submucosa. The left-sided measurement was performed in an area
where the tumour was restricted to a m4-stage (tumour thickness approxinately 1600 pm). The right-sided measurement was in an area where the tumour already
showed the beginning of an infiltration of the submucosa (tumour thickness approxinately 2200 um); F: HE 100 x; Higher magnification of the m4-area of (E). Smooth
muscle fibres (arrows) discriminate from sm-stage; G: HE 100 x; Higher magnification of the sm-area of (E). The lack of muscle fibres indicates the sm-stage. ESD:
Endoscopic submucosa dissection; SMM: Superficial muscularis mucosae; DMM: Deep muscularis mucosae; IHC: Immunohistochemistry; HE: Haematoxylin and
eosin.

measurements and subclassifications. In 83/100 infiltration depth was divided as follows: m1: 13/83
eligible cases (83%) with proper evaluation, the (16%); m2: 36/83 (43%); m3: 4/83 (5%); m4:

Raishidenge ~ WJGO | www.wjgnet.com 447 November 15, 2017 | Volume 9 | Issue 11 |



Endhardt K et a/. Tumour thickness in oesophageal adenocarcinoma

Table 1 Comparison of the different subgroups

pT1 subgroup Total mi m2 m3 m4 sm
No. of cases (1) 83 13 36 5 13 16
Tumour thickness (mm) 0.2-4.7 0.2-0.8 0.3-1.4 0.9-1.0 0.8-3.4 1.0-4.7
Mean + SD (mm) - 0.46 £0.19 0.64 +£0.24 0.91 £ 0.05 1.78 £0.79 2.69+£1.03

a strong correlation between the tumour thickness and

Table 2 Muscularis mucosae duplication, 77 (% o : . . .
" e P e infiltration depth. Only one case of this collection with

Total cases 33 (100) a clear submucosal infiltration and tumour thickness of
Duplication 21 (64) 3600 um showed lymphatic invasion. Venous invasions
ez it € wienilom i die lsson were not identified. Therefore, correlations between
3% 30) tumour thickness and vascular invasion could not be
> 5% and < 50% 5 (15)

>50% and < 95% 39) calculated.

>95% 10 (30) To confirm our findings, a validation set of 25 cases

from the beginning of 2015 to mid-2015 was reviewed
and analysed as described. In this smaller data set,

Tumor Thickness vs m-Categories we confirmed the findings of the evaluation set with

2:(;: . a specificity of 100%, whereas the sensitivity was
E 40k 83.3%.
g VI ml-m3vsm4 P < 0.001
% 35 ml-m3vssml P <0.001 e
g 3.0 -m4 vs smil P =0.029 Immunohistochemical evaluation of the muscularis
2 25F mucosae
5 20f Immunohistochemistry for desmin showed a similar
5 15r staining intensity in the superficial and DMM,
1.0 ey é e - L e - cut-off even though the SMM usually appeared finer and
0.5 * < more delicate. In 21/33 cases (64%), desmin and
0.0 mi m‘2 n‘n3 n‘14 sr‘nl smoothelin showed a clearly identifiable duplication,
with at least a focal dissociation of the muscularis
Figure 3 Box plot of the median tumour thickness in the different mucosae. Table 2 shows the details of the percentages
m-categories. Circles = 5/95 percentiles. The dashed line indicates the of the detected duplication within these 21 specimens.
proposed cut-off to discriminate between m1-3 and mé4/sm1. A total of 9/33 cases (27%) did show a broadened

muscular layer, where the superficial and DMM could

14/83 (7%) and sm: 16/83 (19%). Table 1 shows not be demarcated. In 3/33 cases (9%), a single thin
the tumour thickness in the different pT subgroups. It muscular layer appeared not to show any split at all.
ranged from 0.2 to 4.7 mm. The staining pattern with smoothelin varies con-

pTla Barrett's carcinomas that were restricted to siderably from desmin, with a weak-to-moderate
the mucosa and did not show any infiltration of the staining of the SMM, while the DMM resembles the
DMM (m1-m3), showed significantly (P < 0.001) lower strong staining with desmin (Figure 4). In the 21 cases
levels of tumour thickness when compared to the pTla described with duplication, this remarkable difference
(m4) and pT1lb (sm1l or deeper) tumours (Figure 3). in staining intensity between the two muscular
With increasing infiltration depth, the mean values layers was determined. Cases without any definable
of the tumour thickness steadily rose. Overall, there muscularis mucosae duplication showed a uniform
was a very strong correlation between the pT (m/sm) smoothelin staining intensity. It is noteworthy, that all
substages and tumour thickness (P < 0.0001). The the duplicated specimens, even if duplication was only
values were summarized by two groups, either m1/ detected in a minor fraction of the lesion, showed the
m2/m3 or m4/sm. After separation, we detected six different intensity with the smoothelin staining.
cases (7%) with a slightly overlapping result, where
the tumour thickness did not fit the diagnosed pT
stage. The mean tumour thickness of the subgroup DISCUSSION
m1-m3 was significantly different compared to group A significant observer variability is described for early
m4 (P < 0.001) and group sm1 and deeper (P < oesophageal adenocarcinoma, leading to overdiagnosis
0.001). The overlaps were observed at approximately  followed by overtreatment®!***!, In our experience,
1000 um. The statistical analysis, with a cut-off value it is often challenging to determine the exact pT
of 1000 um, showed high sensitivity (94%) and classification in early Barrett’s adenocarcinoma.
specificity (90%) for the distinction between m1/mz2/ Most difficulties are caused by duplication or diffuse
m3 vs m4/sm. The negative predictive value was branchlike splintering of the muscularis mucosae
94%, and the positive predictive value 91%, showing (Figure 1). The appearance of duplication was first
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Figure 4 Expression of smoothelin imnmunohistochemistry demonstrating
the different staining intensity in the duplicated muscularis mucosae
layers.

described in the early 1990s®'*****1 and since then,
it has been analysed in several studies, showing a
strict limitation to Barrett’s adenocarcinoma. It is
reported in up to approximately 90% of Barrett-
related neoplasia®****, The origin and significance
of the duplication still needs to be defined. Diffuse,
irregular, and merged splits remain problematic in
the histological assessment, leading to confusion and
misinterpretation. In cases of inadequate orientation,
an invasion of the space between the duplicated
muscular layers (m3) could easily be mistaken as a
submucosal invasion (sm). Since muscularis mucosae
duplication is an inconsistent event and is usually not
captured in all slides, the establishment of further
standard evaluation criteria would be of great help.

This study aimed, therefore, to find a complementary
tool to support the histomorphologic assessment.
The superficial and DMM are the histological hallmark
structures to determine pT subclassification. However,
this is complicated by the morphological variability
of these structures. The ESD is almost exclusively
performed in specialized gastroenterological centres
and therefore, most studies, to date, are limited to the
more common piecemeal specimens gained from EMR.
The basis for this study was a unique dataset of 100
ESD specimens of early oesophageal adenocarcinoma.
Due to en-bloc resection, an outstanding benefit in
the histological examination is given compared to the
EMR specimens. The lesions can be oriented accurately
regarding the horizontal diameter, invasion depth and
basal as well as circumferential resection margins.
Moreover, orthogonal cutting provides an excellent
overview through the different tissue layers. The
majority of slides in this study depicted a complete
cross section through the mucosa and in parts the
submucosa, whereas the muscularis propria was
demonstrably not captured in any of the samples.

Our hypothesis was that tumour thickness, which is
easy to measure, might facilitate the pT assessment.
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Exact pT staging is of crucial importance in early
adenocarcinoma of the oesophagus as the risk of
lymph node metastasis increases with infiltration
depth™®'”!, In gastric and colorectal cancers, a
morphometric measurement is already accepted in
a different context for the evaluation of submucosal
infiltration. An infiltration beyond the cut-off value
indicates a higher risk for lymph node metastases
and is defined as a limit for endoscopic treatment.
Endoscopic mucosectomy is justified for a submucosal
invasion of 500 um or less (stomach) or 1000 um or
less (large bowe)™®?%, In view of the morphometric
measurement, it is important to mention that
excessive stretching of the resected unfixed tissue
can thin out the mucosal and submucosal layer
and, therefore, lead to biased values®!. To prevent
this bias, all the specimens are pinned on a cork
immediately after ablation, and no further tractions
or tensions during the processing can influence the
tumour thickness. For establishing our morphometric
method, we investigated the tumour thickness from
the surface to the invasion front by measuring the
maximum infiltration depth. Since the initial point of
invasion cannot always be defined and might lead to
inter-observer variability, it appeared reasonable to not
restrict our measurement to the invasive part of the
tumour.

From a therapeutic point of view, the distinction
between the mucosal and submucosal involvement
is essential and usually the main issue at stake. In
this study, we showed that the tumour thickness
measurement, in combination with the histomorphology,
is a robust method for the distinction of the infiltration
depth. A Barrett adenocarcinoma with a muscular
penetration and a tumour thickness < 1000 um is most
likely @ mucosal lesion pTla (m3), whereas a muscular
penetration with a tumour thickness = 1000 pm is
most likely a submucosal lesion pT1ib (sm). In certain
cases, the immunohistochemical smoothelin staining
is additionally helpful because it reveals the different
muscle layers in the duplicated but irregularly merged
or branchlike arranged muscle fibres. The detected cut-
off value of 1000 um will help, especially in small and
fragmented specimens, such as EMR, or specimens
where the duplication cannot be properly classified. It is
noteworthy that our method is restricted to non-polypoid
lesions, which account for more than 85% of the cases.

Approximately 60%-70% of the analysed Barrett's
adenocarcinomas harbour a distinctive muscularis mucosae
split, which is close to the reported ranges of 92% (n =
50) and 66% (n = 110)™'¥, Faragalla et a® did not
report the frequency of duplication since their study
is based merely on the cases showing duplication.
Many cases in our study showed a clear identification
of the two muscularis mucosae layers by smoothelin
immunohistochemistry. The staining was, first of all,
useful for determining the borders of the individual
layer itself and was even more helpful in distinguishing
the superficial from DMM, especially in the described

November 15, 2017 | Volume 9 | Issue 11 |



Endhardt K et a/. Tumour thickness in oesophageal adenocarcinoma

A B
/ Tumor infiltration @

1% step beneath smooth

muscle fibers Morphology
P Tumor thickness
. 2" step - || m
S Z 1000 pm Morphometry
(o (Yes)
N Ti— 3
M
very likely SM

(consider smoothelin

(consider smoothelin THC in case of doubt)

IHC in case of doubt)

< 1000 ym > 1000 ym
9]
£8 M2 M4
£
53
3
P E
S =
58 M3 sM
c ©
[
S B
ong
3
P E

Figure 5 Suggested algorithm for the pT staging in early adenocarcinoma of the oesophagus. A: In the first step, the relationship between the tumour and
the smooth muscle fibres is determined. The second step includes the measurement of the tumour thickness; B: This table illustrates the combinations of the tumour
relationships to the smooth muscle fibres/tumour thickness and the corresponding T-sub-stages. M: Mucosa; SM: Superficial muscularis.

critical cases with irregular splits. In those cases, the
differentiation often seemed virtually impossible to
assess in the haematoxylin and eosin-stained sections
and with desmin staining but was quite obvious with
the smoothelin staining. Some diffuse splits can only
be demarcated with the help of immunohistochemical
analyses. Faragalla et ai™” suggested the development
of a modified smoothelin antibody that only stains the
DMM, since, in his opinion, staining of the SMM could
cause confusion. In our eyes, it was helpful to identify
both layers with different staining intensities®’. Solely
staining with the smoothelin antibody can be insufficient
for precise staging, but it offers an important additional
benefit in complex and confusing areas of duplicated
lesions. All three observers independently confirmed
the diagnostic advantage of the smoothelin staining,
in comparison with haematoxylin and eosin, as well as
desmin.

In conclusion, our results show a very strong correlation
between pT stage and tumour thickness. However, a clear
cut-off was identified only for the discrimination of m1/mz2/
m3 vs m4/sm stages. At first glance, this seems of minor
value because the dinically most relevant discrimination is
the separation between the m- and sm-cases. Nevertheless,
we developed an algorithm to overcome this problem. The
histomorphological evaluation of the tumour invasion,
in relation to the smooth muscle fibres in combination
with the tumour thickness measurement, allows us
to translate our results into a mucosal vs submucosal
discrimination (Figure 5). This, therefore, considerably
facilitates accurate pT staging. In cases of doubt,
further immunohistochemical staining with smoothelin
is advocated. Our data consequently indicate that a
morphometric measurement of tumour thickness and
smoothelin staining supplement the histomorphological
discrimination of mucosal vs submucosal invasion in
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non-polypoid oesophageal adenocarcinoma. It has
to be emphasized that the morphometric analysis is
an adjunct to the conventional histomorphological
evaluation and not its replacement.

COMMENTS

Background

The main problem of determine the infiltration depth in early oesophageal
adenocarcinoma is caused by the duplication of the muscularis mucosae
in early oesophageal adenocarcinoma. Based on Vieth and Stolte, the
intramucosal carcinoma is divided into 4 subgroups, depending on the
infiltration depth as follows: m1, limited to the Lamina propria mucosae; m2, the
superficial muscularis mucosae (SMM); m3, the layer in between the superficial
and deep muscularis mucosae (DMM) and m4, the DMM.

Research frontiers
There are still controversies concerning the criteria for the histological diagnosis
of barrett mucosa. Further research topics deal with the techniques to treat
early oesophageal lesions.

Innovations and breakthroughs

This work provides helpful adjuncts to evaluate the pT stage in early
oesophageal adenocarcinoma. Because of its high clinical relevance this can
be seen as a major advance.

Applications

Histomorphometric measurement of the tumor thickness and smoothelin
staining can be used as an adjunct to the conventional pT evaluation which is
solely based on morphology.

Terminology

EMR: Endoscopic mucosa resection; ESD: Endoscopic submucosa dissection;
M: Mucosa; SMM: Superficial muscularis mucosae; DMM: Deep muscularis
mucosae.

Peer-review
This is a well-conducted and well-written study.
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