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Abstract
Background: Endoscopic submucosal dissection (ESD) is a primary treatment for the early gastric cancer (EGC) who have a
negligible risk of lymph node metastasis satisfying specific criteria. These criteria are histologically categorized by EGC with
differentiated-type histology (EGC-DH) and undifferentiated-type histology (EGC-UH). However, gastric cancer is histologically
heterogenous and there has been no specific criteria for EGCwith mixed-type histology (EGC-MH). Moreover, therapeutic outcomes
of ESD for EGC-MH have not been clearly described.

Methods:Wewill search the core databases (MEDLINE (through PubMed), the Cochrane Library, and Embase) from their inception
to November 2018 using pre-established searching strategy by 2 independent evaluators. The P.I.C.O. is as follows; Patients: who
have EGC-MH, Intervention: ESD, Comparison: none, Outcome: at least one among the rate of complete resection, curative
resection, en bloc resection, recurrence or procedure-related adverse event that enabled an evaluation of feasibility of ESD. All types
of study design will be sought and publications in English with full-text will be included. The risk of bias will be assessed using the
ROBINS-I tool. Descriptive data synthesis is planned and quantitative synthesis will be used if the included studies are sufficiently
homogenous (pooled therapeutic outcomes data with 95% confidence intervals). Publication bias will be assessed with quantitative
analyses if more than 10 articles are enrolled.

Results:The results will provide evidence for validity of current ESD criteria in addition to the technical feasibility of ESD for EGC-MH.

Conclusion: This study will provide evidence of ESD for EGC-MH.

Abbreviations: EGC = early gastric cancer, EGC-DH = early gastric cancer with differentiated-type histology, EGC-MH = early
gastric cancer with mixed-type histology, EGC-UH = early gastric cancer with undifferentiated-type histology, ESD = endoscopic
submucosal dissection, LNM = lymph node metastasis, LVI = lymphovascular invasion.
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1. Introduction

Endoscopic submucosal dissection (ESD) is a primary treatment
for early gastric cancer (EGC) who has a negligible risk of lymph
node metastasis (LNM).[1] This enables an en bloc resection of the
EGCand stomach preservation, thereby avoiding invasive surgery.
After histologic confirmation (or even without pre-ESD histologic
confirmation), ESD of a lesion satisfying the specific indication is
performed. Pathologic confirmation of the resected specimen after
ESD determines whether curative resection was achieved (satisfy-
ing ESD criteria), which implies a favorable long-term outcome.
These indication or criteria are histologically categorized by EGC
with differentiated-type histology (EGC-DH) and undifferentiat-
ed-type histology (EGC-UH).[1,2]

The absolute indications for ESD of EGC include EGC-DH of
less than 2cm in the absence of ulceration and lymphovascular
invasion (LVI).[2] The indications for ESD have been expanded
with advances in endoscopic skills and expertise and these include
mucosal EGC-DH without ulceration irrespective of tumor size;
mucosal EGC-DH with ulceration measuring less than 3cm;
mucosal EGC-UH measuring less than 2cm without ulceration;
EGC-DH with minute submucosal invasion (�500mm, SM1)
measuring less than 3cm;, without evidence of LVI.[3–5]

Currently, differentiated-type predominant EGC mixed with
an undifferentiated component is considered as EGC-DH,
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Table 1

Searching strategy to find the relevant articles.
Database: MEDLINE (through PubMed)
#1 “early gastric cancer”[tiab] OR “gastric cancer”[tiab] OR “stomach
neoplasms”[Mesh]

#2 “Endoscopic submucosal dissection”[tiab] OR “ESD”[tiab] OR “Endoscopic
resection”[tiab] OR “Endoscopic mucosal resection”[Mesh]

#3 “undifferentiated”[tiab] OR “poorly differentiated”[tiab] OR “signet ring cell”[tiab]
OR “carcinoma, signet ring cell”[Mesh]

#4 #1 OR #2 OR #3
#5 “mixed histology”[tiab] OR “mixed type”[tiab] OR “mixed histological type”[tiab] OR
“histologic heterogeneity”[tiab]
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whereas undifferentiated-type predominant EGC mixed with a
differentiated component is considered as EGC-UH.[6] However,
gastric cancer is histologically heterogenous and diagnosis of
EGC with mixed-histology (EGC-MH; EGC with histologic
heterogeneity) is challenging. It is only diagnosed after ESD or
surgery, as pure-type gastric cancer and initial biopsy can be
changed after therapeutic resection.[7] There have been no specific
criteria of ESD for EGC with mixed-type histology (EGC-MH).
Moreover, therapeutic outcomes of ESD for EGC-MH have not
been clearly described. The aim of this study is to evaluate the
efficacy and safety of ESD for EGC-MH.
#6 #4 AND #5
#7 #6 AND English[Lang]
Database: Embase
#1 “early gastric cancer”:ab,ti,kw OR “gastric cancer”:ab,ti,kw OR “stomach cancer”/
exp

#2 “Endoscopic submucosal dissection”:ab,ti,kw OR “Endoscopic submucosal
dissection”/exp OR “Endoscopic mucosal resection”/exp

#3 “undifferentiated”:ab,ti,kw OR “poorly differentiated”:ab,ti,kw OR “signet ring cell”/
exp

#4 #1 OR #2 OR #3
#5 “mixed tumor”/exp OR “heterogeneity”/exp
#6 #4 AND #5
2. Methods

This systematic review and meta-analysis will fully adhere to the
principles of the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA-P) checklist.[8] This study was
registered at PROSPERO (https://www.crd.york.ac.uk/prospero)
on November 2018 (registration number, CRD42018114283)
before study was initiated. The approval of institutional review
board was exempted due to the characteristics of this study
(collecting and synthesizing data from published studies).
#7 #6 AND ([article]/lim OR [article in press]/lim OR [review]/lim) AND [english]/lim
Database: Cochrane Library
#1 early gastric cancer:ab,ti,kw or gastric cancer:ab,ti,kw
#2 MeSH descriptor: [stomach neoplasms] explode all trees
#3 Endoscopic submucosal dissection:ab,ti,kw or ESD:ab,ti,kw or Endoscopic
resection:ab,ti,kw

#4 MeSH descriptor: [endoscopic mucosal resection] explode all trees
#5 undifferentiated:ab,ti,kw or poorly differentiated:ab,ti,kw or signet ring cell:ab,ti,kw
#6 MeSH descriptor: [carcinoma, signet ring cell] explode all trees
#7 #1 or #2 or #3 or #4 or #5 or #6
#8 mixed histology:ab,ti,kw or mixed type:ab,ti,kw or mixed histological type:ab,ti,kw
or histologic heterogeneity:ab,ti,kw

#9 #7 and #8
2.1. Literature searching strategy

MEDLINE (through PubMed), the Cochrane library, and
Embase will be searched using common keywords associated
with ESD for EGC-MH (from inception to November 2018) by 2
independent evaluators (C.S.B., and J.H.C). Medical Subject
Heading or Emtree keywords will be selected for searching
electronic databases. The abstracts of all identified studies will be
reviewed to exclude irrelevant publications. Full-text reviews will
be performed to determine whether the inclusion criteria are
satisfied in the remaining studies, and the bibliographies of
relevant articles will be rigorously reviewed to identify additional
studies. Disagreements between the evaluators will be resolved by
discussion or consultation with a third evaluator (K.H.B.). The
detailed searching strategy is described in Table 1.
2.2. Selection criteria

We will include studies that met the following criteria: patients:
who have EGC-MH (histologic heterogeneity); intervention: ESD
or other types of endoscopic resection (i.e., endoscopic mucosal
resection); comparison: none; outcome: at least one among the
rate of complete resection, curative resection, en bloc resection,
recurrence, or procedure-related adverse event that enabled an
evaluation of feasibility of ESD; study design: all types, including
randomized, prospective, or retrospective studies; studies of
human subjects; publications in English; and full-text publica-
tions. Studies that met all of the inclusion criteria will be sought
and selected. The exclusion criteria are as follows: review articles;
guidelines, consensus documents, or expert position papers;
comments, letters, brief reports, proceedings, or protocol studies;
case reports; publications with incomplete data; and meta-
analysis articles. Studies meeting at least 1 of the exclusion
criteria will be excluded from this analysis.
2.3. Methodological quality

The methodological quality of the included publications will be
assessed using the Risk Of Bias In Non-randomized Studies - of
Interventions (ROBINS-I, formerly named as Cochrane Risk of
2

Bias Assessment Tool: for Non-Randomized Studies of Inter-
ventions) tool.[9] The ROBINS-I tool contains 7 domains,
including “bias due to confounding” and “bias in selection of
participants into the study” at pre-intervention, “bias in
classification of intervention” at intervention and “bias due to
deviations from intended interventions,” “bias due to missing
data,” “bias in measurement outcomes,” and “bias in selection of
the reported result” at postintervention.[9] Each domain is
determined to exhibit low, moderate, serious, or critical risk of
bias. No information category will be used only when insufficient
data are reported to permit a judgment.[9] Overall risk of bias
judgment is determined based on the interpretation of each
domain level and low risk indicates that the study is comparable
to a well-performed randomized trial for all domains being
evaluated. Moderate risk of bias indicates the evidence of study is
sound for a nonrandomized study but not comparable to a
randomized trial (low or moderate risk of bias for all domains).
Serious risk of bias indicates the presence of important problems
(serious risk of bias in at least one domain, but not at critical risk
of bias in any domain). Critical risk of bias indicates the study is
problematic to provide any useful evidence (critical risk of bias in
at least one domain).[9]

Two of the evaluators (C.S.B. and J.H.C.) will independently
assess the methodological qualities of all the included studies, and
any disagreements between the evaluators will be resolved by
discussion or consultation with a third evaluator (G.H.B.).
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2.4. Primary and modifier-based analyses

Two evaluators (C.S.B. and J.H.C.) will independently use the
same data fill-in form to collect the primary summary outcome
and modifiers in each study, and disagreements between the 2
evaluators will be resolved by discussion or consultation with a
third author (G.H.B). The definition of primary therapeutic
outcome is as follows; En bloc resection is defined as complete
removal of cancer in a single piece without fragmentation.
Complete resection is defined as removal of cancer with no
neoplastic components at the lateral or vertical margins and
without LVI on microscopic examination. Curative resection is
defined as removal of cancer with 20mm or smaller intra-
mucosal lesions without ulceration (scar), neoplastic compo-
nents at the lateral or vertical margins, and LVI for EGC-UH;
removal of cancer with 20mm or smaller intramucosal lesions
without ulceration; removal of cancer with 20mm or larger
intramucosal lesion without ulceration (scar); removal of cancer
with less than 30mm intramucosal lesion with ulceration (scar);
and removal of cancer with less than 30mm submucosal
invasion depth of <500mm, without ulceration (scar), neoplas-
tic components at the lateral or vertical margins, and LVI for
EGC-DH.[1,2,4] If the lesion does not meet these curative
criteria, it is regarded as noncurative resection.[1,2,4] Recurrence
is defined as reappeared at the site of the lesion (local
recurrence) or synchronous, metachronous, or distant meta-
static lesions, and adverse event of ESD is defined as the cancers
whose treatment resulted in procedure-related gastric hemor-
rhage or perforation.[3]

Narrative (descriptive) synthesis is planned and quantitative
synthesis will be used if the included studies are sufficiently
homogenous. Authors previously reported therapeutic outcomes
of ESD for EGC-UH using pooled meta-analysis of crude
outcomes of each study.[10] The common effect size will be
extracted from each study using method previously described
(pooled meta-analysis of crude outcomes)[10] and we will also
perform sensitivity analyses and meta-regression using the
modifiers identified during the systematic review to confirm
the robustness of the main result and to identify the reason of
heterogeneity.

2.5. Statistical analysis

Comprehensive Meta-Analysis Software (version 3, Biostat;
Borenstein M, Hedges L, Higgins J, and Englewood RH, NJ) and
R version 3.2.3[11] will be used for this meta-analysis. We will
calculate the pooled rate of an en bloc resection, complete
resection, curative resection, recurrence and adverse event rates
divided by gastric hemorrhage and perforation, whenever
possible. Heterogeneity will be determined using the I2 test
developed by Higgins, which measures the percentage of total
variation across studies.[12]I2 will be calculated as follows: I2

(%)=100� (Q-df) / Q, where Q is Cochrane heterogeneity
statistic, and df signifies the degrees of freedom. Negative values
for I2will be set to zero, and an I2 value over 50%was considered
to be of substantial heterogeneity (range: 0–100%).[13] Pooled-
effect sizes with 95% confidence intervals (95% CIs) will be
calculated using the DerSimonian and Laird random effects
model meta-analysis and sensitivity analyses will be performed
using the Mantel–Haenszel fixed-effect model meta-analysis.[14]

These results will be confirmed by the I2 test. Significance will be
set at P= .05. Publication bias will be evaluated using Begg funnel
plot, Egger test of the intercept, Duval and Tweedie trim and fill,
and Begg and Mazumdar rank correlation test.[15–19]
3

3. Discussion

This is the protocol of a systematic review and meta-analysis for
the therapeutic outcomes of ESD for EGC-MH. EGC-MH is
associated with more submucosal invasion and higher risk of
LNM or LVI than pure-type gastric cancer, irrespective of
whether the mixed component is differentiated or undifferentiat-
ed, although the mechanism is unclear.[7,20–25] In terms of the
therapeutic outcomes, retrospective analysis of surgical data
showed that EGC-MH showed no LNM among lesions that met
the present ESD criteria.[26] Retrospective analysis of ESD data
also showed that differentiated-type predominant EGC mixed
with an undifferentiated component showed no LNM or
extragastric recurrence if the lesions met the present ESD
criteria.[27] However, another retrospective analysis of endo-
scopic resection data showed that differentiated-type predomi-
nant EGC mixed with an undifferentiated component was a
significant risk factor for noncurative resection regardless of
tumor size.[28] The reason of performing this systematic review
and meta-analysis is this heterogeneity among the publications
about therapeutic outcomes of EGC-MH. Simple discrimination
into differentiated-type predominant, or undifferentiated-type
predominant mixed EGC might not reflect the feasibility of ESD
for EGC-MH.
Mixture of poorly differentiated adenocarcinoma (PDC) and

signet ring cell carcinoma (SRC) is another issue. Both of these
cancers are included in the EGC-UH in the Korean or Japanese
guidelines; however, there have been no considerations for the
treatment for mixture of PDC and SRC. In a retrospective
analysis of surgical data, a mixture of PDC and SRC showed an
LNM rate of 6.3%, which is higher than in pure-type PDC or
SRC.[29] Moreover, an LNM rate of 5.3% was observed when
this mixture of PDC and SRC met the current ESD criteria.[29]

Retrospective analysis of ESD data also showed that a mixture of
PDC and SRC showed lower curative resection rates than pure
SRC (77.7 vs 93.8%) and was associated with noncurative
resection in a multivariate analysis, in addition to more
submucosal invasion and positive vertical margins.[30]

The results of this study will provide evidence for validity of
current ESD criteria in addition to the technical feasibility of ESD
for EGC-MH.
Author contributions

Conceptualization: Chang Seok Bang.
Data curation: Chang Seok Bang, Jae Ho Choi, Young Joo Yang,

Jae Jun Lee, Gwang Ho Baik.
Formal analysis: Chang Seok Bang, Jae Ho Choi.
Funding acquisition: Chang Seok Bang.
Investigation: Chang Seok Bang, Jae Ho Choi, Young Joo Yang,

Jae Jun Lee, Gwang Ho Baik.
Methodology: Chang Seok Bang.
Project administration: Chang Seok Bang.
Resources: Chang Seok Bang, Jae Ho Choi, Young Joo Yang, Jae

Jun Lee, Gwang Ho Baik.
Visualization: Chang Seok Bang.
Writing – original draft: Chang Seok Bang.
Writing – review & editing: Chang Seok Bang.
Chang Seok Bang orcid: 0000-0003-4908-5431.
References

[1] Gotoda T. Endoscopic resection of early gastric cancer. Gastric Cancer
2007;10:1–1.

http://www.md-journal.com


[2] Soetikno R, Kaltenbach T, Yeh R, et al. Endoscopic mucosal resection for [18] Begg CB, Mazumdar M. Operating characteristics of a rank correlation

Bang et al. Medicine (2018) 97:51 Medicine
early cancers of the upper gastrointestinal tract. J Clin Oncol
2005;23:4490–8.

[3] Gotoda T, Yanagisawa A, Sasako M, et al. Incidence of lymph node
metastasis from early gastric cancer: estimation with a large number of
cases at two large centers. Gastric Cancer 2000;3:219–25.

[4] Lee JH,KimJG,JungHK,etal.Clinicalpracticeguidelines forgastric cancer
in Korea: an evidence-based approach. J Gastric Cancer 2014;14:87–104.

[5] Japanese Gastric Cancer AJapanese gastric cancer treatment guidelines
2014 (ver. 4). Gastric Cancer 2017;20:1–9.

[6] Isomoto H. Differentiated-type predominant mixed-histology type early
gastric cancer is a significant risk factor for endoscopic non-curative
resection regardless of tumor size. Dig Endosc 2018;30:602–4.

[7] Mikami K, Hirano Y, Futami K, et al. Expansion of lymph node
metastasis inmixed-type submucosal invasive gastric cancer. Asian J Surg
2017;41:462–6.

[8] Shamseer L, Moher D, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015:
elaboration and explanation. BMJ 2015;350:g7647.

[9] Sterne JA, Hernán MA, Reeves BC, et al. ROBINS-I: a tool for assessing
risk of bias in non-randomised studies of interventions. BMJ 2016;355:
i4919.

[10] Bang CS, Baik GH, Shin IS, et al. Endoscopic submucosal dissection for
early gastric cancer with undifferentiated-type histology: a meta-analysis.
World J Gastroenterol 2015;21:6032–43.

[11] R Core Team. R: A Language and Environment for Statistical
Computing. Vienna, Austria: R Foundation for Statistical Computing;
2015. Available at: https://www.R-project.org/.

[12] Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis.
Stat Med 2002;21:1539–58.

[13] Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency in
meta-analyses. BMJ 2003;327:557–60.

[14] DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin
Trials 1986;7:177–88.

[15] Sterne JA, Egger M. Funnel plots for detecting bias in metaanalysis:
guidelines on choice of axis. J Clin Epidemiol 2001;54:1046–55.

[16] Sutton AJ, Abrams KR, Jones DR, et al. Methods for Meta-analysis in
Medical Research. Wiley, Chichester:2000.

[17] Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based method of
testing and adjusting for publication bias in metaanalysis. Biometrics
2000;56:455–63.
4

test for publication bias. Biometrics 1994;50:1088–101.
[19] Egger M, Davey Smith G, Schneider M, et al. Bias in metaanalysis

detected by a simple, graphical test. BMJ 1997;315:629–34.
[20] Iwamoto J, Mizokami Y, Ito M, et al. Clinicopathological features of

undifferentiated mixed type early gastric cancer treated with endoscopic
submucosal dissection. Hepatogastroenterology 2010;57:185–90.

[21] Zheng HC, Li XH, Hara T, et al. Mixed-type gastric carcinomas exhibit
more aggressive features and indicate the histogenesis of carcinomas.
Virchows Arch 2008;452:525–34.

[22] Park SY, Kook MC, Kim YW, et al. Mixed-type gastric cancer and its
association with high-frequency CpG island hypermethylation. Virch-
ows Arch 2010;456:625–33.

[23] Saito A, Shimoda T, Nakanishi Y, et al. Histologic heterogeneity and
mucin phenotypic expression in early gastric cancer. Pathol Int
2001;51:165–71.

[24] SekiguchiM, Sekine S, Oda I, et al. Risk factors for lymphatic and venous
involvement in endoscopically resected gastric cancer. J Gastroenterol
2013;48:706–12.

[25] Takizawa K, Ono H, Kakushima N, et al. Risk of lymph node metastases
from intramucosal gastric cancer in relation to histological types: how to
manage the mixed histological type for endoscopic submucosal
dissection. Gastric Cancer 2013;16:531–6.

[26] Yoon HJ, Kim YH, Kim JH, et al. Are new criteria for mixed histology
necessary for endoscopic resection in early gastric cancer? Pathol Res
Pract 2016;212:410–4.

[27] Min BH, Kim KM, Park CK, et al. Outcomes of endoscopic submucosal
dissection for differentiated-type early gastric cancer with histological
heterogeneity. Gastric Cancer 2015;18:618–26.

[28] Horiuchi Y, Fujisaki J, Yamamoto N, et al. Undifferentiated-type
component mixed with differentiated-type early gastric cancer is a
significant risk factor for endoscopic non-curative resection. Dig Endosc
2018;30:624–32.

[29] Lee IS, Lee S, Park YS, et al. Applicability of endoscopic submucosal
dissection for undifferentiated early gastric cancer: mixed histology
of poorly differentiated adenocarcinoma and signet ring cell carcinoma
is a worse predictive factor of nodal metastasis. Surg Oncol 2017;26:8–
12.

[30] Horiuchi Y, Fujisaki J, Yamamoto N, et al. Mixed poorly differentiated
adenocarcinoma in undifferentiated-type early gastric cancer predicts
endoscopic noncurative resection. Gastric Cancer 2018;21:689–95.

https://www.r-project.org/

	Endoscopic submucosal dissection of early gastric cancer with mixed-type histology
	Outline placeholder
	1 Introduction
	2 Methods
	2.3 Methodological quality
	2.5 Statistical analysis

	Author contributions

	References


