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GRAPHICAL ABSTRACT
Background and Aims: Endoscopic resection is the cornerstone of treatment of Barrett’s esophagus (BE)-

related neoplasia. However, accurate histopathologic evaluation of endoscopic resection specimens can be chal-
lenging, and the preferred specimen handling method remains unknown. Therefore, the aim of our study was to
compare 3 different specimen handling methods for assessment of all clinically relevant histopathologic param-
eters and time required for specimen handling.

Methods: In this multicenter, randomized study EMR specimens of BE-related neoplasia with no suspicion of
submucosal invasion during endoscopy were randomized to 3 specimen handling methods: pinning on paraffin
using needles, direct fixation in formalin without prior tissue handling, and the cassette technique (small box for
enclosing specimens). The histopathologic evaluation scores were assessed by 2 dedicated GI pathologists
blinded to the handling method.

Results: Of the 126 randomized EMR specimens, 45 were assigned to pinning on paraffin, 41 to direct fixation in
formalin, and 40 to the cassette technique. The percentages of specimens with overall optimal histopathologic evalua-
tion scoreswere similar for thepinningmethod (98%;95%confidence interval [CI], 88.0-99.9) and fornohandling (90%;
95% CI, 76.9-97.3) but were significantly lower (64%; 95% CI, 47.2-78.8) for the cassette technique (P < .001). Time
required for specimen handling was shortest when no handling method was used (P < .001 vs pinning and cassette).

Conclusions: Both pinning on paraffin and direct fixation in formalin resulted in optimal histopathologic eval-
uation scores in a high proportion of specimens, whereas the cassette technique performs significantly worse,
and its use in clinical daily practice should be discouraged. Given the significantly shorter handling time, direct
fixation in formalin appears to be the preferred method over pinning on paraffin. However, the latter needs to
be confirmed in larger studies with inclusion of all EMR specimens. (Clinical trial registration number:
ISRCTN50525266.) (Gastrointest Endosc 2019;90:384-92.)
(footnotes appear on last page of article)
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Endoscopic resection (ER) is the cornerstone of treatment
of Barrett’s esophagus (BE)–related neoplasia. All visible le-
sions should be removed for adequate histopathologic evalu-
ation and staging.1,2 However, accurate histopathologic
evaluation of ER specimens can be challenging. One factor
in the ability to assess the ER specimen is how the specimen
is handled before the assessment. For instance, a proper
orientation of the specimen is essential to discern lateral
from vertical (deep) resection margins, and artifacts induced
by tissue handling might hamper optimal evaluation.3,4

Currently, 2 ways of specimen handling are frequently
used. First, an ER specimen can be pinned on paraffin or
cork using needles, with subsequent fixation in formalin.
Most centers in Western Europe and Eastern Asia use this
pinning method.5-7 With this technique, attention must be
paid to not create tension on the specimen to avoid arti-
facts.7-9 Overextension of the tissue and placement of the
pins in neoplastic areas can cause destruction of the tissue
and needle artifacts and may influence the accuracy of the
histopathologic diagnosis.5 Moreover, the pinning method is
more time consuming, is cumbersome, and involves the use
of sharp material. The second method of specimen handling
is direct fixation of ER specimens in formalin without prior
tissue handling or orientation. This method is popular in
other parts of the world, for instance in the United States.10

Direct fixation in formalin may affect the accuracy of the
histopathologic assessment because ER specimens tend to
shrink by fixation with formalin and tend to curl because of
contraction of the muscle fibers of the muscularis mucosae.11

Because of disadvantages of existing methods for spec-
imen handling, a new technique has been developed. This
new method, referred to as the cassette technique (Boston
Scientific, Marlborough, Mass), comprises a small box in
which the ER specimen can be stored (Fig. 1). Possible
advantages of this method are that it is faster and
provides and easier specimen orientation in comparison
with the pinning method without derogating the
histopathologic evaluation.

To the best of our knowledge, studies on specimen
handling techniques and their effect on the ability to eval-
uate all relevant histopathologic parameters of the resected
specimen have never been performed. Therefore, the aim
of this study was to compare 3 different methods of
specimen handling for the ability to enable optimal overall
evaluation of all clinically relevant histopathologic parame-
ters of ER specimens with no suspicion of submucosal inva-
sion and the time required for specimen handling. The 3
different handling methods are the pinning method, direct
fixation in formalin, and the cassette technique.
METHODS

Study design
This multicenter, randomized study was performed in 3

hospitals in the Netherlands with a tertiary referral function
www.giejournal.org
for the treatment of patients with BE. The Medical Ethics
Review Committee of the Academic Medical Center Am-
sterdam evaluated the study protocol and stated that the
Medical Research Involving Human Subjects Act does not
apply to this study (reference no. W15_172#15.0209).
The study was registered in the International Standard
Randomised Controlled Trial Number (ISRCTN) registry
with reference number ISRCTN50525266. The article was
written according to the CONSORT guidelines for report-
ing parallel group randomized studies.12 Full study
protocol is available on request by the principle
investigator.

Endoscopic resection
High-definition endoscopes were used for this study.

The Barrett segment and the lesion were carefully
inspected; the Prague C&M criteria and lesion characteris-
tics (location, size, circumference, Paris classification) were
documented. ERs were performed with the Captivator
EMR device (Boston Scientific) or the Duette multiband
mucosectomy device (Cook Medical, Limerick, Ireland).
Patient management on the endoscopy ward and clinical
decision-making were conducted according to standard
of care in all participating hospitals.

Specimen selection
Visible BE lesions with a poor tumor differentiation if

known beforehand were excluded from randomization.
Specimens in which 1 or more EMRs were performed on
areas with suspicion of submucosal invasion during endos-
copy were also excluded from randomization. Suspicion of
submucosal invasion was based on thorough endoscopic
inspection (detailed description provided elsewhere13),
taking into account endoscopic features suggestive for
submucosal invasion (ie, Paris classifications 0-I, IIc, and
0-III14-16). EMR specimens of lesions with no suspicion of
submucosal invasion or remaining specimens after exclu-
sion of EMR specimens with suspicion of submucosal inva-
sion were selected for randomization. In case of a
piecemeal resection, multiple specimens were randomized
per patient.

Specimen handling
After EMR was completed and the specimens with sus-

picion of submucosal invasion excluded, eligible EMR spec-
imens were randomized to 1 of 3 EMR specimen handling
methods: the pinning method, direct fixation in formalin
with no prior handling, and the cassette technique
(Fig. 1). The cassette is a small box, available for clinical
daily practice, in which an ER specimen can be enclosed
in between 2 sponges after stretching it out on paper. By
closing the cassette, gentle pressure is applied on the
specimen during the process of formalin fixation, which
prevents curling of the lateral margins of the resection
specimen. The pinning method comprises smooth
stretching of the ER specimen and pinning the specimen
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Figure 1. Images of all 3 specimen handling techniques. A, Pinning on paraffin. B, Direct fixation in formalin. C, Cassette technique.
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out on cork or paraffin. Direct fixation of the ER specimen
in formalin requires no handling at all. Time required for
specimen handling was defined as the time of starting
the specimen handling procedure until the specimen was
fixed in formalin.

Randomization
After ER all specimens were collected and temporarily

stored on a gauze in a random order. Specimens with sus-
picion of submucosal invasion during endoscopy were
kept separately and excluded from randomization. To
each eligible EMR specimen a number was allocated
by the endoscopist. Block randomization with variable
block sizes of 3 and 6 was performed 1:1:1 to 3 parallel
specimen handling groups, stratified per hospital.
The blocked randomization list was created using sealed
envelope (https://www.sealedenvelope.com/simple-
randomiser/v1/lists) and incorporated in an online
randomization tool in REDCap.17 Randomization was
performed after ER in the endoscopy room by the
research nurse.

Histopathologic analysis
All EMR specimens were fixed in buffered formalin

(10%), embedded in paraffin, and stained with hematoxy-
lin and eosin after 1 of the 3 handling techniques. The
dissection plane created by ER was marked with ink at
the pathology department after fixation with 1 of 3 spec-
imen handling methods. The specimens were cut perpen-
dicular to the surface in slices of 2 to 3 mm and oriented.
The specimens were completely enclosed. On each spec-
imen with tumor invading the submucosa, immunohisto-
chemistry staining for desmin, alpha smooth muscle
actin, CD34, and D2-40 were done to accurately assess
the clinically relevant parameters like depth of invasion
and lymphovascular invasion.

First, all specimens were evaluated by dedicated GI pa-
thologists in participating centers according to standard
clinical practice to guide further treatment strategies and
clinical decision-making. Thereafter, 2 dedicated BE GI pa-
thologists (G.M.R. and C.A.S.) revised all EMR specimens
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for the purpose of this study, blinded for the specimen
handling method used. All specimens were scored for a
total of 12 parameters on a 5-point Likert scale (Research
Pathology Form, Appendix 1, available online at www.
giejournal.org). Of these, 5 were considered to reflect
the clinically relevant issues for optimal histopathologic
assessment (ie, vertical resection margin, lateral resection
margins, tumor differentiation grade, tumor infiltration
depth, and lymphovascular invasion). The remaining 7
parameters were related issues that might account for
the possible differences in scores on the clinically
relevant parameters (ie, curling of the lateral margins,
ability to discern lateral from vertical margins, crushing of
the specimen, damaged superficial tissue layers, crushing
and damage interfering with the ability to assess the
specimen, and orientation of the specimen). In addition
to these 12 parameters, pathologists were asked to score
the overall ability to assess all relevant histopathologic
parameters on a separate 5-point Likert scale.

All 5-point Likert scales were rearranged so that a score
of 5 was optimal and a score of 1 least optimal. Scores from
1 to 4 were defined as suboptimal. Consensus between pa-
thologists, when needed, was reached by average.

Outcome parameters
The primary endpoint of this study was the percentage of

specimens with an optimal score on a 5-point Likert scale
(score of 5) for the overall ability to assess all relevant histo-
pathologic parameters versus the percentage of specimens
with suboptimal scores (scores 1-4). Secondary endpoints
were (1) the percentages of specimens with optimal scores
(vs suboptimal scores) on a 5-point Likert scale for the ability
to adequately assess the vertical (deep) resection margin,
lateral resection margins, tumor differentiation grade, tumor
infiltration depth, and lymphovascular invasion and (2) the
time necessary for handling of the ER specimen.

Data management
Study data were collected and managed using REDCap

electronic data capture tools hosted at St Antonius Hospi-
tal. REDCap (Research Electronic Data Capture) is a
www.giejournal.org
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Figure 2. Flowchart of specimen inclusion and randomization. HGD, High-grade dysplasia; LGD, low-grade dysplasia.
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secure, web-based application designed to support data
capture for research studies, providing an intuitive inter-
face for validated data entry, audit trails for tracking data
manipulation and export procedures, automated export
procedures for seamless data downloads to common statis-
tical packages, and procedures for importing data from
external sources.17

Statistical procedures
No formal sample size calculation was conducted for

this study because there were no previously published
data available on this subject. Randomization of 40 EMR
specimens per specimen handling method was considered
sufficient. IBM SPSS statistics version 21.0.0 for Windows
(SPSS, Chicago, Ill) and R version 3.3.2 for Windows
were used for statistical analyses. All statistical tests were
2-tailed, and statistical significance was defined as P <
.05. For descriptive statistics, continuous variables with a
normal distribution were reported as mean with standard
deviation, and median with interquartile range (IQR) was
used for variables with a skewed distribution. Pearson-c2

test was used to analyze nominal data and compare
proportions.
RESULTS

Specimen characteristics
In total, 126 EMR specimens of 42 patients (for patient

characteristics refer to Supplementary Table 1, available
online at www.giejournal.org) were randomly assigned to
1 of 3 specimen handling groups. Specimens were
randomized between February 2016 and March 2017, and
histopathologic evaluation was finalized by March 2018.
www.giejournal.org
In 4 patients, 9 specimens were not included for
randomization because of suspicion of submucosal
invasion during endoscopy (Fig. 2).

Of the 126 randomized EMR specimens, 45 were as-
signed to the pinning method, 41 to direct fixation in
formalin, and 40 to the cassette technique (Table 1). On
histology, submucosal invasion was present in 5 of the
126 randomized specimens (4.0%). Of these specimens,
2 had a poor tumor differentiation and none had positive
deep (vertical) resection margins or lymphovascular
invasion. Two specimens (1 cassette with high-grade
dysplasia and 1 pinning method with high-grade dysplasia)
were not available for central revision during the period of
histopathologic evaluation; thus, 124 specimens were
eligible for the analyses (Fig. 2).

Primary outcome: overall histopathologic
evaluation scores

Overall, 85% of specimens (105/124) had an optimal
score for the ability to assess all relevant histopathologic
parameters (5 on a 5-point Likert scale, Fig. 3). The
percentages of specimens with an overall optimal score
were 98% (95% confidence interval [CI], 88.0-99.9) for
the pinning method and 90% (95% CI, 76.9-97.3) for no
handling method, both significantly higher compared
with 64% (95% CI, 47.2-78.8) for the cassette technique
(P < .001, Table 2).

Secondary outcomes: evaluation scores per
histopathologic parameter and required
handling time

For the cassette technique, in comparison with both the
pinning method and no handling method, significantly
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TABLE 1. Baseline characteristics of endoscopic resection specimens per specimen handling group (n [ 124)

Total
(n [ 124*)

Pinning on paraffin
(n [ 44)

No handling
(n [ 41)

Cassette
(n [ 39) P value

Invasion depth .84

Nondysplastic Barrett’s epithelium 21 (17) 8 (18) 9 (22) 4 (10)

Low-grade dysplasia 33 (27) 11 (25) 10 (24) 12 (31)

HGD 38 (31) 13 (30) 10 (24) 15 (38)

T1m2 3 (2) 1(2) 1 (2) 1 (3)

T1m3 24 (19) 9 (21) 8 (20) 7 (18)

T1sm1 4 (3) 2 (4) 2 (5) 0 (0)

T1sm2 1 (1) 0 (0) 1 (2) 0 (0)

Differentiation grade .63

Well 16 (13) 7 (16) 4 (10) 5 (13)

Moderate 11 (9) 3 (7) 5 (12) 3 (7)

Poor 5 (4) 2 (4) 3 (7) 0 (0)

Not applicable 92 (74) 32 (73) 29 (71) 31 (80)

Lymphovascular invasion 0 (0) 0 (0) 0 (0) 0 (0) 1.00

Deep resection margins free of tumor 124 (100) 44 (100) 41 (100) 39 (100) 1.00

Values are n (%).
HGD, High-grade dysplasia.
*Two specimens (1 cassette with HGD and 1 pinning method with HGD) were not available for central revision during the period of histopathologic evaluation; thus, 124
specimens were eligible for the analyses.

Figure 3. Histopathologic images of endoscopic resection specimens with optimal evaluation scores handled with 3 different specimen handling
methods (H&E staining, orig. mag. �1.25). A, Specimen handled with the pinning method. B, Specimen directly fixated in formalin. C, Specimen handled
with the cassette technique.
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lower percentages of optimal scores versus suboptimal
scores were reported for the evaluation of the ability to
discern the lateral from the vertical margin (P Z .001),
the ability to assess the deep/vertical margin (P Z .005),
and the ability to assess the lateral margins (P Z .002).
388 GASTROINTESTINAL ENDOSCOPY Volume 90, No. 3 : 2019
The 3 handling methods did not result in significantly
different ability to optimally assess the orientation, depth
of tumor invasion, tumor differentiation, and presence of
lymphovascular invasion (Table 2 and Supplementary
Table 2, available online at www.giejournal.org). Although
www.giejournal.org
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TABLE 2. Ability to assess all relevant histopathological parameters (n [ 124)

Pinning on paraffin
(n [ 44)

No handling
(n [ 41)

Cassette box
(n [ 39) P value

Primary outcome: optimal ability to assess all relevant histopathologic parameters (score of 5 on a 5-point Likert scale)

Overall optimal score 43 (97.7) 37 (90.2) 25 (64.1) <.001

P vs C, P < .001

P vs NH, P Z .14

C vs NH, P Z .005

Frequency of evaluation scores

Score of 5 (optimal) 43 37 25

Score of 4 0 2 6

Score of 3 1 2 5

Score of 2 0 0 3

Score of 1 (disastrous) 0 0 0

Secondary outcomes: optimal ability to assess histopathologic parameters separately (score of 5 on a 5-point Likert scale)

Discern lateral from vertical margin 40 (90.9) 32 (78.0) 22 (56.4) .001*

Deep vertical margins 42 (95.5) 37 (90.2) 28 (71.8) .005*

Lateral margins 40 (90.9) 35 (85.4) 24 (61.5) .002*

Depth of tumor invasion 42 (95.5) 40 (97.6) 36 (92.3) .55

Tumor differentiation 44 (100) 42 (100) 39 (100) 1.00

Lymphovascular invasion 44 (100) 42 (100) 39 (100) 1.00

Values are n (%). For the frequency of all evaluation scores for the secondary outcomes please refer to Supplementary Table 2 (available online at www.giejournal.org).
P, Pinning on paraffin; C, cassette technique; NH, no handling method.
*Significant for both the pinning method and no handling method vs the cassette technique.
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crushing of the specimen and damage to the superficial
layers did not differ significantly between the 3 handling
methods, needle artifacts were observed in 26 specimens
handled with the pinning method (59%), significantly
more artifacts than those reported by the blinded
pathologists for the 2 other, nonpinning handling
methods (P < .001). For no handling 3 artifacts (7%)
were reported and for the cassette technique 4 artifacts
(10%), 2 of these as possible needle artifacts and the
other 5 as tearing and processing artifacts. Inking of the
dissection planes was visible in all ER specimens.

The time required for specimen handling was shortest
when no handling method was used (median, .18 minutes;
IQR, .10-.30). Both the pinning method and the cassette
technique resulted in significantly longer median handling
times: 1.0 minute (IQR, 1.0-1.89) for the pinning method
and 1.1 minute (IQR, .5-1.45) for the cassette technique
(P < .001; no handling vs pinning or cassette technique).
DISCUSSION

Histopathologic evaluation of ER specimens of
BE-related neoplasia determines the need for additional
surgical treatment. ER is considered sufficient treatment
for lesions with absence of all risk factors for lymph node
metastasis (submucosal invasion >500 mm, lymphovascular
www.giejournal.org
invasion, poor tumor differentiation) and tumor negative
vertical (deep) resection margins.18 When 1 of these risk
factors is present or if 1 of these parameters cannot be
evaluated correctly and thus remains uncertain, current
guidelines recommend esophagectomy. Esophagectomy
is an invasive surgical procedure associated with high
morbidity and mortality.19,20 Therefore, optimal specimen
handling and histopathologic evaluation are important
components in optimizing patient care.

Different specimen handling methods can be used after
ER. Remarkably, there is little evidence for and no general
agreement on the preferred specimen handling method
that results in an optimal ability to assess all relevant histo-
pathologic parameters and is least time consuming. Guide-
lines on management of BE-related neoplasia recommend
the pinning method as the preferred specimen handling
strategy or make no recommendations at all.2,6,7,21-24

This multicenter, randomized study is the first to
compare 3 different specimen handling methods for
enabling optimal histopathologic evaluation and time
required for specimen handling. Our study population
was a preselected group of patients with a predicted cura-
tive ER. Specimens were only included if there was no sus-
picion of submucosal invasion during endoscopy, and in all
specimens the vertical/deep resection margins turned out
to be free of tumor. Optical diagnosis of submucosal inva-
sion of Barrett’s neoplasia is challenging. Besides Paris
Volume 90, No. 3 : 2019 GASTROINTESTINAL ENDOSCOPY 389
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Figure 4. Histopathologic image of a needle artifact (pinning method) through the tumor (H&E staining). A, Overview image of the endoscopic resec-
tion specimen (orig. mag. �.25). B, Detailed image of the needle artifact invading the tumor area (orig. mag. �10).
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classifications (0-I, 0-IIc, and 0-III), no clear set of endo-
scopic predictors for the presence of submucosal invasion
is reported in the current literature.13-16 The fact that only
1 lesion with a primary Paris 0-Is classification and 4 lesions
with a secondary Paris 0-IIc classification were included in
our study mirrors the endoscopists’ intention to prevent
inclusion of specimens with submucosal involvement.

For this selected population, application of both
pinning on paraffin and direct fixation in formalin re-
sulted in high percentages of specimens with an optimal
overall histopathologic evaluation score, respectively
98% (95% CI, 88.0-99.9) and 90% (95% CI, 76.9-97.3).
The large overlap in CIs indicates that the difference in
favor of the pinning method is not statistically significant.
However, this result must be interpreted with caution
and needs to be confirmed in larger studies because
with increasing sample size this difference might become
significant. The cassette technique resulted in a signifi-
cant lower percentage with an optimal score (64%, P <
.001), and its use in clinical daily practice should there-
fore be discouraged. This inferiority was caused by curl-
ing of the lateral margins and subsequent deterioration
of the assessment of both the deep and lateral margins.
A possible explanation for the curling of the lateral mar-
gins is that the cassettes do not properly accommodate
the regular shape of an ER specimen. Its fixed size and
height might result in a stretched middle part but leave
too much space for the thinner lateral parts of the spec-
imen, resulting in squeezed curled lateral margins.

In addition to enabling optimal histopathologic evalu-
ation, another aspect of interest is the time required
per specimen handling method. As expected, we found
that the required handling time per specimen was signif-
icantly shorter for direct fixation in formalin compared
with pinning on paraffin. Because EMR procedures often
consist of multiple resections, the significant shortening
of the handling time would favor direct fixation in
formalin. Moreover, the use of sharp material for the
pinning method, with not only a risk of harming oneself
but also damaging the resected specimen, is another
argument in favor of direct fixation in formalin. In our
390 GASTROINTESTINAL ENDOSCOPY Volume 90, No. 3 : 2019
study we observed 26 needle artifacts in the specimens
handled with the pinning method (59%). Although the
frequent presence of needle artifacts did not result in a
low percentage of optimal evaluations for the pinning
method, in 1 specimen the needle went right through
the tumor (Fig. 4). Preferably, this risk is completely
eliminated by not using needles at all. These secondary
arguments would favor direct fixation in formalin over
pinning on paraffin, when comparability for enabling
optimal histopathologic evaluation is confirmed.

Specimens with no suspicion of submucosal invasion
were selected specifically, because while conducting
this study we found it unethical to risk suboptimal histo-
pathologic evaluation for specimens with submucosal in-
vasion. The depth of submucosal invasion, among others,
determines whether endoscopy is the definitive treat-
ment or if the patient should be referred to surgery. How-
ever, it might well be that direct fixation in formalin
would also enable optimal histopathologic evaluation
for lesions with submucosal invasion: 5 specimens in
our study did show submucosal invasion (4 showed
T1sm1, 1 showed T1sm2). Of these, 2 were randomized
to the pinning method and 3 to direct fixation in
formalin. Regardless of the presence of submucosal inva-
sion, all had optimal overall histopathologic evaluation
scores. However, based on the current study we cannot
draw any conclusions for the optimal specimen handling
method for lesions with suspicion of submucosal inva-
sion. Our results hold for lesions with a predicted limited
invasion depth on endoscopy.

Lately there is a tendency to resect BE lesions with sus-
pected submucosal invasion en bloc by means of endo-
scopic submucosal dissection, whereas visible lesions with
no suspicion of submucosal invasion can be treated with
EMR.25 Pinning on paraffin or cork should still be
considered the preferred handling method for endoscopic
submucosal dissection specimens, because these are often
much larger, but substantiating evidence is lacking.

This study is the first to assess the optimal specimen
handling method for EMR specimens of BE-related
neoplasia for both enabling optimal histopathologic
www.giejournal.org
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evaluation and minimizing required handling time. In this
multicenter, randomized study, procedures were per-
formed in tertiary referral centers by experienced endo-
scopists, and resected specimens were evaluated for the
primary and secondary endpoints by 2 dedicated BE GI pa-
thologists blinded for the specimen handling methods
used.

We are aware that our research also has certain limita-
tions. The first limitation is the selection of patients with
visible BE lesions with no suspicion of submucosal inva-
sion, which influences the generalizability of our findings.
All specimens with possible submucosal invasion were
excluded from this study. In daily practice EMR is also
used for lesions with possible submucosal invasion, and
therefore direct extrapolation of our results to all speci-
mens resected by means of EMR is not possible. Second,
because of the selection applied, all vertical resection mar-
gins were free of tumor, and we do not know how positive
vertical resection margins would have influenced the abil-
ity for assessment of all histopathologic parameters. Inclu-
sion of specimens with positive resection margins might
require evaluation of additional parameters, such as cau-
tery artifacts and tissue inking, which were not assessed
as histopathologic parameters in the current study. Third,
all endoscopies were performed in BE expert centers by
highly experienced endoscopists, which might account
for the high accuracy in excluding specimens with submu-
cosal invasion. This might be more challenging for less-
experienced endoscopists. Additionally, all resection spec-
imens were evaluated by dedicated BE GI pathologists ac-
cording to common practice in the Netherlands. Fourth,
no formal sample size calculation was performed because
of nonexisting previous data on this subject. As previously
indicated, the difference in optimal histopathologic evalu-
ations between pinned and directly fixated specimens
might become statistically significant after increasing the
sample size. Moreover, the clinical relevance of suboptimal
histopathologic evaluation scores remains uncertain.
Ideally, these scores would be related to clinically relevant
outcomes, for example, local recurrence. However, local
recurrence is very rare in patients with visible BE lesions
treated with ER, which makes such a study rather impos-
sible. Last, during the period for histopathologic evaluation
2 of 126 specimens were unavailable for central revision by
the 2 dedicated BE GI pathologists despite repeated
request. The findings of the original pathology reports
are included in the article, and we consider the missing
data to be of minimal influence on our results.

What should be the impact of the current study on clin-
ical practice? Based on our findings, we would discourage
the use of the cassette technique for EMR specimen
handling. Direct fixation in formalin appears to be justi-
fied for handling of EMR specimens without suspicion
of submucosal invasion because it is fast, easy, and en-
ables optimal histopathologic evaluation. Nevertheless,
comparability of the pinning method and direct fixation
www.giejournal.org
in formalin for enabling optimal histopathologic evalua-
tion first needs to be confirmed in larger studies. In clin-
ical daily practice EMR is also performed for visible lesions
with possible submucosal invasion. Therefore, future
larger studies on the comparison of the pinning method
and direct fixation in formalin should include all EMR
specimens, regardless of possible submucosal invasion.
In BE lesions with a high suspicion of submucosal inva-
sion we believe endoscopic submucosal dissection is
the preferred resection method, and derived specimens
should be pinned on cork or paraffin, although direct ev-
idence of superiority of this method over direct fixation in
formalin is lacking.

In conclusion, both pinning on paraffin and direct fixa-
tion in formalin result in optimal histopathologic evalua-
tion scores in a high proportion of specimens. The
cassette technique performed significantly worse, and its
use in clinical daily practice should be discouraged. Given
the significantly shorter handling time, direct fixation in
formalin appears to be the preferred method over pinning
on paraffin. However, the latter needs to be confirmed in
larger studies with inclusion of all EMR specimens to opti-
mize extrapolation to clinical daily practice.
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Appendix 1. Research pathology form for central histopathologic revision
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SUPPLEMENTARY TABLE 1. Baseline characteristics per patient (n [ 42)

Characteristics Value

Patient

Male 35 (83.3)

Mean age, y (standard deviation) 68.5 (9.2)

Worst known pathology before EMR

Low-grade dysplasia 7 (14.3)

HGD 26 (61.9)

Esophageal adenocarcinoma 8 (19.0)

No previous pathology 1 (2.4)

Endoscopy

Median Prague score (IQR) C 1 (0-4) M 4 (3-7)

Hiatal hernia (median length, 3 cm; IQR, 2-3) 39 (92.9)

Median lesion length, cm (IQR) 1.5 (1-2)

Median circumferential extent of lesion (IQR) 1/4 (1/8-1/3)

Main Paris type component

0-Is 1 (2.4)

0-IIa 36 (85.7)

0-IIb 5 (11.9)

Secondary Paris type component 12 (28.6)

0-IIa 1 (2.4)

0-IIb 7 (16.7)

0-IIc 4 (9.5)

EMR type

Captivator multiband mucosectomy 30 (71.4)

Duette multiband mucosectomy 12 (28.6)

Median number of ER specimens per patient (IQR) 2 (1-4)

Clinical diagnosis per patient, based on histopathologic evaluation of all resection specimens

Invasion depth

Nondysplastic Barrett’s epithelium 1 (2.4)

Low-grade dysplasia 3 (7.1)

HGD 15 (35.7)

T1m2 4 (9.5)

T1m3 15 (35.7)

T1sm1 3 (7.1)

T1sm2 1 (2.4)

Differentiation grade

Well 12 (28.6)

Moderate 8 (19.0)

Poor 3 (7.1)

Not applicable 19 (45.2)

Lymphovascular invasion 0 (0)

Deep resection margins free of tumor 42 (100)

Values are n (%) unless otherwise defined.
HGD, High-grade dysplasia; IQR, interquartile range; ER, endoscopic resection.

www.giejournal.org Volume 90, No. 3 : 2019 GASTROINTESTINAL ENDOSCOPY 392.e3

Overwater et al Randomized study of 3 specimen handling methods

http://www.giejournal.org


SUPPLEMENTARY TABLE 2. Ability to assess all relevant histologic parameters (n [ 124)

Pinning on paraffin
(n [ 44)

No handling
(n [ 41)

Cassette box
(n [ 39)

P
value

Optimal overall score (5 on a 5-point Likert scale) vs suboptimal score (<5) to assess all
relevant histological parameters

43 (97.7) 37 (90.2) 25 (64.1) <.001

Frequency of all evaluation scores

Score of 5 (optimal) 43 37 25

Score of 4 0 2 6

Score of 3 1 2 5

Score of 2 0 0 3

Score of 1 (disastrous) 0 0 0

Curling of the lateral margins 22 (50) 19 (46.3) 1 (2.6) <.001

Frequency of all evaluation scores

Score of 5 (not at all) 22 19 1

Score of 4 20 9 8

Score of 3 1 4 14

Score of 2 1 2 3

Score of 1 (completely curled up) 0 7 13

Ability to discern lateral from vertical margins 40 (90.9) 32 (78.0) 22 (56.4) .001

Frequency of all evaluation scores

Score of 5 (completely) 40 32 22

Score of 4 1 0 1

Score of 3 0 1 3

Score of 2 1 1 2

Score of 1 (not at all) 2 7 11

Crushing of the specimen 23 (52.3) 21 (51.2) 19 (48.7) .95

Frequency of all evaluation scores

Score of 5 (not at all) 23 21 19

Score of 4 19 16 14

Score of 3 0 4 4

Score of 2 1 0 0

Score of 1 (extremely) 1 0 2

Crushing interfering with the ability to assess the specimen 36 (81.8) 32 (78.0) 30 (76.9) .85

Frequency of all evaluation scores

Score of 5 (not at all) 36 32 30

Score of 4 1 0 3

Score of 3 0 1 2

Score of 2 1 2 2

Score of 1 (completely) 6 6 2

Damaged superficial tissue layers 39 (88.6) 36 (87.8) 30 (76.9) .27

Frequency of all evaluation scores

Score of 5 (not at all) 39 36 30

Score of 4 4 4 9

Score of 3 1 1 0

Score of 2 0 0 0

Score of 1 (extremely) 0 0 0

(continued on the next page)
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SUPPLEMENTARY TABLE 2. Continued

Pinning on paraffin
(n [ 44)

No handling
(n [ 41)

Cassette box
(n [ 39)

P
value

Damage interfering with the ability to assess the specimen 42 (95.5) 38 (92.7) 32 (82.1) .10

Frequency of all evaluation scores

Score of 5 (not at all) 42 38 32

Score of 4 2 3 7

Score of 3 0 0 0

Score of 2 0 0 0

Score of 1 (extremely) 0 0 0

Orientation of the specimen 42 (95.5) 40 (97.6) 37 (94.9) .81

Frequency of all evaluation scores

Score of 5 (nice, appropriate) 42 40 37

Score of 4 1 0 1

Score of 3 1 1 0

Score of 2 0 0 1

Score of 1 (extremely tangential) 0 0 0

Ability to assess deep vertical margins 42 (95.5) 37 (92.7) 28 (71.8) .005

Frequency of all evaluation scores

Score of 5 (optimal) 42 37 28

Score of 4 2 1 4

Score of 3 0 2 1

Score of 2 0 0 3

Score of 1 (disastrous) 0 1 3

Ability to assess lateral margins 40 (90.9) 35 (85.4) 24 (61.5) .002

Frequency of all evaluation scores

Score of 5 (optimal) 40 35 24

Score of 4 2 2 8

Score of 3 0 2 1

Score of 2 1 1 4

Score of 1 (disastrous) 1 1 2

Ability to assess depth of tumor invasion 42 (95.5) 40 (97.6) 36 (92.3) .55

Frequency of all evaluation scores

Score of 5 (optimal) 42 40 36

Score of 4 2 0 3

Score of 3 0 1 0

Score of 2 0 0 0

Score of 1 (disastrous) 0 0 0

Ability to assess tumor differentiation 44 (100) 42 (100) 39 (100) 1.00

Frequency of all evaluation scores N/A N/A N/A

Ability to assess lymphovascular invasion 44 (100) 42 (100) 39 (100) 1.00

Frequency of all evaluation scores N/A N/A N/A

N/A, Not applicable.
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