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ABSTRACT

Introduction: For risk stratification of non-
muscle invasive bladder cancer (NMIBC), the
depth of stromal invasion can be further clas-
sified, where the lamina muscularis mucosae
(MM) serves as a reference structure. While the
overall identifiability of MM in standard

transurethral specimens is low, en bloc resec-
tion may help in identification and overall ori-
entation. The aims of this study were to report
the detection rate of MM in en bloc resected
bladder tumors (ERBT) and to provide real-
world information on tissue stability and
preservation of en bloc architecture during
recovery and processing for histopathologic
evaluation.
Methods: Thirty-four ERBT specimens were
histologically re-evaluated with regard to MM
detectability and structure as well as the pres-
ence of en bloc architecture and further histo-
logic features. Associations with tumor size and
energy source and within histologic parameters
were assessed by standard Pearson’s chi-squared
analyses and Cramér’s V effect size testing (V).
Results: The first parameter assessed was MM
detection rate. In 19 out of 34 samples (56%)
MM was detectable: scattered in 9 cases (26%),
interrupted in 8 cases (24%) and continuous in
2 cases (6%). The second parameter assessed was
preservation of en bloc architecture. In 11 out of
34 samples (32%), en bloc architecture could
not be confirmed, and these samples served as a
reference group for the detection of MM.
Preservation of en bloc architecture was associ-
ated with an increased MM detection rate (MM
in en bloc preserved 16/23, 70% vs. non-pre-
served 3/11, 27%; p = 0.020; V = 0.398) and
with tumor size (p = 0.005; V = 0.595). Med-
ium-sized tumors (1.1–2 cm) were best pre-
served. The choice of energy source did not
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show relevant association with en bloc archi-
tecture (p = n.s.).
Conclusions: In line with recent publications,
ERBT increases the MM detection rate consid-
erably. However, a third of the ERBT specimens
lost en bloc architecture during sample recovery
and processing. Tumor size is a relevant factor,
with optimal architecture preservation between
1 and 2 cm. Optimizing resection techniques,
recovery, transport, and diagnostic processing
of ERBT samples is warranted to verify the
diagnostic value of MM-based substaging.

Keywords: Bladder cancer; En bloc; ERBT;
Histopathologic stratification; Substaging

Key Summary Points

Why carry out this study?

Recurrent T1 bladder tumors exhibit a
higher risk of progression and metastatic
disease. Tumor subclassification (T1a–T1c)
based on the relation of the tumor to the
lamina muscularis mucosae (MM) is
possible.

The objectives of this study were to report
the real-world rate of en bloc resected
(ERBT) specimens that could be
maintained in en bloc architecture during
recovery and processing for
histopathologic evaluation and to assess
associations with tumor size and stage.

What was learned from the study?

ERBT increases the MM detection rate
considerably.

A third of the ERBT specimens lost en bloc
architecture during sample recovery and
processing.

Tumor size is a relevant factor for
architecture preservation (optimum
between 1 and 2 cm).

Optimizing resection techniques,
recovery, transport, and diagnostic
processing of ERBT samples is warranted
to verify the diagnostic value of MM-based
substaging.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13056314.

INTRODUCTION

Urothelial carcinoma of the bladder presents as
an aggressive disease and is associated with high
morbidity and mortality rates if it is not treated
optimally [1]. Accurate histopathologic staging
and grading are crucial in disease management.
Thereby, the majority of patients initially pre-
sent with non-muscle invasive bladder cancer
(NMIBC) limited to the mucosa (Ta) or submu-
cosa (T1). These tumors show significantly
lower mortality compared to the muscle-inva-
sive stages [2–4]. Nevertheless, recurrent T1
tumors exhibit a higher risk of progression and
metastatic disease [4, 5]. These tumors can be
further classified based on the relation of the
tumor to the lamina muscularis mucosae (MM),
defining stages T1a–T1c [6]. Apart from tumor
infiltration depth or invasive focus diameter,
which are measured by micrometry [7–9], infil-
tration of the lymphovascular plexus (LVP)
[10, 11] or the MM [10–12] has been proposed.
MM is a layer of smooth muscle bundles delin-
eating the lamina propria and submucosa in the
bladder wall and can be used as an anatomical
landmark for invasion depth. In this context,
T1a is defined as tumor invasion above the MM,
T1b as MM invasion and T1c as invasion across
the MM (Fig. 1). Although this concept dates
back to the 1980s [13, 14] and was further sup-
ported by a recent systematic meta-analysis
[15], it has not yet been adopted in routine
clinical practice.
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The objectives of this study were to report
the real-world rate of en bloc resected (ERBT)
specimens that could be maintained in en bloc
architecture during recovery and processing for
histopathologic evaluation and to assess asso-
ciations with tumor size and stage. Futhermore,
the association between MM detection and en
bloc confirmation has been investigated and the
frequencies of different types reported. Post hoc
analyses were stipulated to further define asso-
ciations of en bloc confirmation and MM
detection with various parameters.

METHODS

A total of 34 specimens from two centers
(Hanover Medical School and University
Hospital Schleswig-Holstein, Campus Luebeck)
were collected under exclusively attempted en
bloc resection with three different energy sour-
ces from 2009 to 2019. No special preservation
techniques have been applied. Upon comple-
tion of routine diagnostics in the pathologic
institutes of Hanover and Luebeck, the samples
were histomorphologically re-evaluated by two
pathologists not involved with the primary
diagnosis. En bloc architecture, as well as the

existence and structure of MM, was examined.
MM constitution was defined as scattered
(spots), interrupted or continuous (Fig. 1) [14].
Preservation of en bloc architecture was defined
as microscopic confirmation of a coherent
tumor structure without signs of fragmentation
(Fig. 2). The clinical and diagnostic parameters
assessed included tumor grade, stage, size and
identifiabilty of MM, LVP, blood vessels, mus-
cularis propria (MP), and energy source. As part
of the real-world scenario and to avoid selection
bias, the study population had no specific
selection criteria. Primary as well as recurrent
non-muscle invasive bladder tumors were
included. Institutional Review Board (IRB)
approval was obtained from the Ethics Com-
mittee of the University of Luebeck (no.
18-056). Statistical analyses of contingency
tables were performed using Pearson’s chi-
squared test. Effect size was determined by cal-
culating Cramér’s V (V) [16] to evaluate the
association between clinicopathologic features
and the identification rate of MM and preser-
vation (confirmation) of en bloc architecture,
respectively. Effect size was defined as small for
V = 0.1, medium for V = 0.3 and large for
V = 0.5 [17]. For the primary hypotheses of the
study, the significance level was set to a = 0.05;

Fig. 1 Histomorphologic muscularis mucosae (MM) variants. Hematoxylin-eosin stains in 109 magnification; asterisk
denotes MM fibers. a Absent; b scattered; c interrupted; d continuous
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for further secondary post hoc analyses, a was
divided by the number of analyses performed
according to the Bonferroni method [18, 19].
SPSS v26.0 was used (IBM Corp., Armonk, NY,
USA) for all analyses and data management.

RESULTS

The majority of patients were male (91%) with a
median age at time of ERBT of 68.5 years (range

38–83 years). Detailed descriptive statistics are
presented in Table 1.

In 11 out of 34 ERBT samples (33%), en bloc
architecture could not be confirmed, and these
samples served as a reference group for the
detection of MM. Tumor size was relevantly
associated with en bloc confirmation (p = 0.005;
V = 0.595; Table 2), whereas invasiveness (pTa
vs. pT1) was not (non-invasive 19/28 vs. inva-
sive 4/6; p = 0.955 = n.s.). Of the 34 samples, 15
cases showed no MM (44%), 9 cases showed

Fig. 2 En bloc resection versus fragmented architecture.
Hematoxylin-eosin stains in 1.39 magnification. a En bloc
resection of a papillary tumor preserves architecture and
facilitates orthogonal orientation. b In contrast, fragments

are more difficult to orientate with a higher share of
tangential cross sections, which impede determination of
actual tumor infiltration depth
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scattered MM (26%), 8 cases showed interrupted
MM (24%), and 2 cases showed continuous MM
(6%; Table 3). Sixteen out of 23 samples with en
bloc architecture showed an identifiable MM
(70%) compared to 3 out of 11 samples in the
non-confirmed group (27%; p = 0.020;
V = 0.398; Table 4). Examples of the different
types of MM are given in Fig. 1.

For six further post hoc analyses, the signif-
cance level a was Bonferroni-adjusted to 0.008.
There was a trend towards an association of
tumor size with better MM detection but no
significance (p = 0.043 = n.s.; Table 5). Tumor
invasiveness was not associated with MM
detection (MM in non-invasive 14/28 vs. inva-
sive 5/6; p = 0.196 = n.s.), nor was the type of
energy source during resection (p = 0.155 = n.s.;
Table 5). Confirmation of en bloc architecture
was not associated with higher detection rates
of MP (MP-positive 19/28 vs. MP-negative 4/6;
p = 0.955 = n.s.) or LVP (5/10 vs. 18/24;
p = 0.232 = n.s.). There was a trend toward an
association between energy source and en bloc
confirmation itself but no significance
(p = 0.043 = n.s.).

DISCUSSION

While the correct identification of MM is rele-
vant to avoid under- or overstaging, respectively
[13], its detection is hampered in conventional,
transurethrally obtained specimens (cTURB) [6].
Sample orientation, tangential section plane
and cauterization of the sample margin can
render morphologic distinction between detru-
sor muscle and MM difficult. Immunohisto-
chemistry may be of some, but often little, help
[20] and may require cross-marker analyses [21].
Furthermore, MM hypertrophy can mimic MP
[22].

Table 1 Descriptive statistics

Number
(n = 34)

Percentage
(%)

Age in years

[ 70 years 15 44.1

\ 70 years 19 55.9

Sex

Male 31 91.2

Female 3 8.8

Tumor grade

High 12 35.3

Low 20 58.8

Benign 2 5.9

Tumor stage

pTa 26 76.5

pT1 6 17.6

Benign 2 5.9

Tumor multifocality

Single 29 85.3

Multiple 5 14.7

Size

\ 1 cm 11 32.4

1.1–2 cm 13 38.2

2.1–3 cm 6 17.6

[ 3 cm 4 11.8

Energy source

Thulium laser 17 50.0

Electrocauterization 11 32.4

HybridKnife 6 17.6

Histomorphologic features

MP detectable 28 82.4

MM detectable 19 55.9

LVP detectable 24 70.6

Table 1 continued

Number
(n = 34)

Percentage
(%)

Confirmation of ERBT

architecture

23 67.6
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Apart from these diagnostic limitations,
which impede histopathologic examination
[23], cTURB can lead to tumor fragmentation.
To some extent, this also opposes the wide-
spread oncologic principle to preserve tumor

integrity and prevent tumor cell seeding
[24, 25]. After cTURB, residual tumor rates of
30–55% in pT1 and 20–40% in pTa tumors lead
to the guideline recommendation of re-resec-
tion within 8 weeks [3, 4]. En bloc resection of
NMIBC, which in contrast to cTURBT starts at
the tumor base, represents an optimized tech-
nique to raise the quality of histopathologic
samples and to avoid unneccessary spread of
tumor cells, as recently described by the authors
(Fig. 2) [26–28]. Optimal diagnostic utilization
of its benefits could lead to a better substaging
of initial invasion with more reliable predic-
tions for recurrence and progression rates,
avoiding unnecessary re-resections in the future
[15, 23, 25, 29].

In line with a recent publication by Liang
et al. [30], there was a significant and relevant
increase in the MM detection rate in ERBT
specimens, up to almost three in four samples
compared to 27% where en bloc architecture
could not be preserved. While the same group
reported an association of higher tumor grade
and stage with an increased identification rate
of MM, we could not find such a link in our
data. However, when MM could be identified,
half of the samples showed only scattered
muscle fibers, possibly reducing diagnostic
usability as a reference structure. In a real-world
setting, we found a preservation rate of en bloc
architecture in two thirds of all samples (Fig. 2).
Together with the association of en bloc struc-
ture with MM detection, this underlines the
importance of keeping the sample intact during
recovery and processing. In line with a recently
published international consensus statement
which concluded that after ERBT additional
biopsy of the tumour edge or tumour base
should not be performed routinely, the MM
detection rate in these specimens was not the
objective of this study [29].

We could identify tumor size as a relevant
factor with complete preservation of en bloc
integrity between 1 and 2 cm, hinting at intra-
operative recovery (flushing, forceps, recovery
bags, etc.) as one of the main factors. Conse-
quently, larger tumors may prove more difficult
to preserve en bloc. The use of macroscopic
orientation aids, such as color or clips, might
raise preservation rates in smaller specimens

Table 2 Tumor size vs. preserved en bloc architecture

Confirmation en bloc architecture Total

Yes No

Tumor size

\ 1 cm 5 6 11

1.1–2 cm 13 0 13

2.1–3 cm 4 2 6

[ 3 cm 1 3 4

Total 23 11 34

Table 3 Muscularis mucosae (MM) types and energy
source

MM type Energy source Number Percent

Absent Any 15/34 44

Electric 8/11 73

Thulium laser 6/17 35

Hybrid knife 1/6 17

Scattered Any 9/34 26

Electric 3/11 27

Thulium laser 4/17 24

Hybrid knife 2/6 33

Interrupted Any 8/34 24

Electric 0/11 0

Thulium laser 6/17 35

Hybrid knife 2/6 33

Continuous Any 2/34 6

Electric 0/11 0

Thulium laser 1/17 6

Hybrid knife 1/6 17
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during subsequent processing. The role of
intraoperative recovery processes in preserva-
tion of ERBT tissue integrity therefore needs
further examination. The lower preservation
rate in smaller tumors could be explained by the
generally more difficult macroscopic sample
orientation in small specimens during diagnos-
tic processing. To investigate whether tumor
size was a considerable confounder for the
higher detection rate in ERBT specimens, its
association with MM detection was tested and
was found to be non-significant. This was in
line with the actual distribution of MM-positive
samples in the respective size subgroups
(Table 4). Our previous meta-analysis confirmed

that all energy devices (lasers, electric cautery)
have been used to perform ERBT with similar
perioperative and oncologic outcomes [26].
Therefore, choice of energy source was left a
surgeon’s decision as part of the real-world set-
ting. We investigated the influence of the
energy source on the ERBT procedure but could
not find a relevant effect. Liang et al. performed
ERBT exclusively with a front-firing greenlight
laser, which shows a high spray effect and can
cause coagulation artifacts. In contrast, the
ERBT procedures in our study were performed
using a thulium:YAG laser or electric resection
with or without a hybrid knife. Most of the lit-
erature dealing with laser ERBT (l-ERBT) used
the thulium:YAG laser [26, 27]. Nevertheless,
the use of these energy sources did not lead to
higher MM detection rates in our study.

CONCLUSIONS

ERBT considerably improves the identifiability
of the MM but requires increased attention not
only during resection but also during intraop-
erative sample recovery and subsequent han-
dling. When present, MM is most frequently
scattered, which renders its usage as a reference
structure for substaging more challenging. At
the same time, this stresses the importance of
optimal specimen orientation and tissue integ-
rity. In this context, future prospective studies

Table 4 Tumor size vs. muscularis mucosae (MM) detection in en bloc resection (ERBT) subgroups

Confirmation en bloc architecture

Yes No

MM detection MM detection

No Yes No Yes

Tumor size

\ 1 cm 2 (40%) 3 (60%) 4 (67%) 2 (33%)

1.1–2 cm 3 (23%) 10 (77%) 0 (0%) 0 (0%)

2.1–3 cm 1 (25%) 3 (75%) 1 (50%) 1 (50%)

[ 3 cm 1 (100%) 0 (0%) 3 (100%) 0 (0%)

Total 7 16 8 3 34

Table 5 Tumor size vs. muscularis mucosae (MM)
detection

Muscularis mucosae detection Total

Yes No

Tumor size

\ 1 cm 5 6 11

1.1–2 cm 10 3 13

2.1–3 cm 4 2 6

[ 3 cm 0 4 4

Total 19 15 34
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on ERBT are necessary, such as our ongoing
prospective en bloc trial EBRUC II (German
Study Reg. No. DRKS0002073).
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