
World Journal of 
Gastroenterology
World J Gastroenterol  2018 July 14; 24(26): 2785-2920

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

Published by Baishideng Publishing Group Inc



S

REVIEW
2785	 Liver	transplantation	and	alcoholic	liver	disease:	History,	controversies	and	considerations

Marroni CA, Fleck Jr AM, Fernandes SA, Galant LH, Mucenic M, de Mattos Meine MH, Mariante-Neto G, Brandão ABM

2806	 Current	clinical	management	of	gastrointestinal	stromal	tumor

Akahoshi K, Oya M, Koga T, Shiratsuchi Y

2818	 Biomarkers	of	gastric	cancer:	Current	topics	and	future	perspective

Matsuoka T, Yashiro M

MINIREVIEWS
2833	 Bowel	preparation	quality	scales	for	colonoscopy

Kastenberg D, Bertiger G, Brogadir S

2844	 Current	practices	and	future	prospects	for	the	management	of	gallbladder	polyps:	A	topical	review

McCain RS, Diamond A, Jones C, Coleman HG

2853	 New	horizons	in	the	endoscopic	ultrasonography-based	diagnosis	of	pancreatic	cystic	lesions

Alvarez-Sánchez MV, Napoléon B

ORIGINAL ARTICLE
Basic Study

2867	 Total	polysaccharides	of	the	Sijunzi	decoction	attenuate	tumor	necrosis	factor-α-induced	damage	to	the	

barrier	function	of	a	Caco-2	cell	monolayer	via 	the	nuclear	factor-κB-myosin	light	chain	kinase-myosin	

light	chain	pathway

Lu Y, Li L, Zhang JW, Zhong XQ, Wei JA, Han L

Retrospective Study

2878	 Efficacy	and	safety	of	endoscopic	submucosal	tunnel	dissection	for	superficial	esophageal	squamous	cell	

carcinoma	and	precancerous	lesions

Wang J, Zhu XN, Zhu LL, Chen W, Ma YH, Gan T, Yang JL

2886	 Impact	of	the	number	of	examined	lymph	nodes	on	outcomes	in	patients	with	lymph	node-negative	

gallbladder	carcinoma

Fan DX, Xu RW, Li YC, Zhao BQ, Sun MY

Observational Study

2893	 Upper	gastrointestinal	tract	capsule	endoscopy	using	a	nurse-led	protocol:	First	reported	experience

Ching HL, Healy A, Thurston V, Hale MF, Sidhu R, McAlindon ME

Contents Weekly  Volume 24  Number 26  July 14, 2018

� July 14, 2018|Volume 24|�ssue 26|WJG|www.wjgnet.com



S

SYSTEMATIC REVIEWS
2902	 Role	of	band	ligation	for	secondary	prophylaxis	of	variceal	bleeding

Aggeletopoulou I, Konstantakis C, Manolakopoulos S, Triantos C

CASE REPORT
2915	 Gastric	adenocarcinoma	of	fundic	gland	type	with	signet-ring	cell	carcinoma	component:	A	case	report	

and	review	of	the	literature

Kai K, Satake M, Tokunaga O

Contents Weekly  Volume 24  Number 26  July 14, 2018

�� July 14, 2018|Volume 24|�ssue 26|WJG|www.wjgnet.com



NAME	OF	JOURNAL	
World Journal of  Gastroenterology

ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

LAUNCH	DATE
October 1, 1995

FREQUENCY
Weekly

EDITORS-IN-CHIEF
Damian Garcia-Olmo, MD, PhD, Doctor, Profes-
sor, Surgeon, Department of  Surgery, Universidad 
Autonoma de Madrid; Department of  General Sur-
gery, Fundacion Jimenez Diaz University Hospital, 
Madrid 28040, Spain

Stephen C Strom, PhD, Professor, Department of  
Laboratory Medicine, Division of  Pathology, Karo-
linska Institutet, Stockholm 141-86, Sweden

Andrzej S Tarnawski, MD, PhD, DSc (Med), 
Professor of  Medicine, Chief Gastroenterology, VA 
Long Beach Health Care System, University of  Cali-
fornia, Irvine, CA, 5901 E. Seventh Str., Long Beach, 

CA 90822, United States

EDITORIAL	BOARD	MEMBERS
All editorial board members resources online at http://
www.wjgnet.com/1007-9327/editorialboard.htm

EDITORIAL	OFFICE
Ze-Mao Gong, Director
World Journal of  Gastroenterology
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

Contents

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li                     Responsible Science Editor: Xue-Jiao Wang
Responsible Electronic Editor: Shu-Yu Yin       Proofing Editorial Office Director: Ze-Mao Gong
Proofing Editor-in-Chief: Lian-Sheng Ma

PUBLICATION	DATE
July 14, 2018

COPYRIGHT
© 2018 Baishideng Publishing Group Inc. Articles pub-
lished by this Open-Access journal are distributed under 
the terms of  the Creative Commons Attribution Non-
commercial License, which permits use, distribution, 
and reproduction in any medium, provided the original 
work is properly cited, the use is non commercial and is 
otherwise in compliance with the license.

SPECIAL	STATEMENT
All articles published in journals owned by the Baishideng 
Publishing Group (BPG) represent the views and opin-
ions of  their authors, and not the views, opinions or 
policies of  the BPG, except where otherwise explicitly 
indicated.

INSTRUCTIONS	TO	AUTHORS
Full instructions are available online at http://www.
wjgnet.com/bpg/gerinfo/204

ONLINE	SUBMISSION
http://www.f6publishing.com

World Journal of Gastroenterology
Volume 24  Number 26  July 14, 2018

Editorial	 board	member	 of	World	 Journal	 of	Gastroenterology ,	 Yasemin	H	
Balaban,	MD,	Doctor,	 Professor,	Department	 of	Gastroenterology,	Hacettepe	
University,	Ankara	06100,	Turkey

World Journal of  Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-9327, online 
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WJG was estab-
lished on October 1, 1995. It is published weekly on the 7th, 14th, 21st, and 28th each month. 
The WJG Editorial Board consists of  642 experts in gastroenterology and hepatology from 
59 countries.
    The primary task of  WJG is to rapidly publish high-quality original articles, reviews, 
and commentaries in the fields of  gastroenterology, hepatology, gastrointestinal endos-
copy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastroin-
testinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional ther-
apy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal 
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterol-
ogy, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biol-
ogy, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics, 
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal 
therapeutics. WJG is dedicated to become an influential and prestigious journal in gas-
troenterology and hepatology, to promote the development of  above disciplines, and to 
improve the diagnostic and therapeutic skill and expertise of  clinicians.

World Journal of  Gastroenterology (WJG) is now indexed in Current Contents®/Clinical Medicine, 
Science Citation Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index 
Medicus, MEDLINE, PubMed, PubMed Central and Directory of  Open Access Journals. The 
2018 edition of  Journal Citation Reports® cites the 2017 impact factor for WJG as 3.300 (5-year 
impact factor: 3.387), ranking WJG as 35th among 80 journals in gastroenterology and hepatol-
ogy (quartile in category Q2). 

ABOUT COVER

INDEXING/ABSTRACTING

AIMS AND SCOPE

��� July 14, 2018|Volume 24|�ssue 26|WJG|www.wjgnet.com



Gastric adenocarcinoma of fundic gland type with signet-
ring cell carcinoma component: A case report and review of 
the literature

Keita Kai, Masaaki Satake, Osamu Tokunaga

Keita Kai, Department of Pathology, Saga University Hospital, 
Saga 849-8501, Japan

Masaaki Satake, Department of Gastroenterology, Koga 
Hospital 21, Kurume 839-0801, Japan

Osamu Tokunaga, Department of Pathology, Shin Koga Hospital, 
Kurume 830-8577, Japan

ORCID number:  Keita Kai (0000-0003-1553-2598); 
Masaaki Satake (0000-0003-2264-8687); Osamu Tokunaga 
(0000-0002-4976-1148).

Author contributions: Kai K is the main author of this article; 
Satake M was attending doctor and performed endoscopic 
submucosal dissection; Kai K and Tokunaga O performed 
pathological diagnosis; Tokunaga O and Satake M reviewed the 
manuscript; all authors have read and approved the final manuscript.

Informed consent statement: Written informed consent was 
obtained.

Conflict-of-interest statement: The authors declare that there 
are no conflicts of interest.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: Keita Kai, MD, PhD, Associate Professor, 
Department of Pathology, Saga University Hospital, Nabeshima 
5-1-1, Saga City, Saga 849-8501, Japan. kaikeit@cc.saga-u.ac.jp
Telephone: +81-952-343264
Fax: +81-952-342055

Received: April 13, 2018

Peer-review started: April 13, 2018
First decision: May 21, 2018
Revised: May 22, 2018
Accepted: June 9, 2018 
Article in press: June 9, 2018 
Published online: July 14, 2018 

Abstract
A depressed lesion was found at a gastric angle of 76-year-
old Japanese woman by esophagogastroduodenoscopy. 
Four years prior, she was diagnosed with a Helicobacter 
pylori  infection but no eradication was performed. The 
pathological diagnosis of biopsy specimens was signet-ring 
cell carcinoma. Endoscopic submucosal dissection (ESD) 
was performed. Histopathological examination of the 
ESD specimen revealed proliferation of well-differentiated 
tubular adenocarcinoma mimicking fundic gland cells at 
the deep layer of the lamina propria mucosae. These 
tumor cells expressed focally pepsinogen-I, diffusely 
MUC6, and scattered H+/K+ ATPase according to immuno-
histochemistry. Therefore, we diagnosed this tumor as 
gastric adenocarcinoma of fundic gland type (GA-FG). 
Adjacent to the GA-FG, proliferation of signet-ring cell 
carcinoma which diffusely expressed MUC 2 and MUC 
5AC was observed. Intestinal metaplasia was focally 
observed in the surrounding mucosa of the signet-ring 
cell carcinoma. To the best of our knowledge, this is the 
first case report of GA-FG with a signet-ring cell carcinoma 
component. The origin of signet-ring cell carcinoma, 
i .e ., whether it accidentally arose from a non-neoplastic 
mucosa and coexisted with the GA-FG or dedifferentiated 
from the GA-FG is unclear at present. We expect the 
accumulation of similar cases and further analysis to 
clarify this issue.

Key words: Gastric adenocarcinoma of fundic gland type; 
Endoscopic submucosal dissection; Helicobacter pylori ; 
Intestinal metaplasia; Signet-ring cell carcinoma
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Core tip: Gastric adenocarcinoma of fundic gland type 
is a very rare variant of a well-differentiated gastric 
adenocarcinoma. To the best of our knowledge, this is the 
first case report of gastric adenocarcinoma of fundic gland 
type with a signet-ring cell carcinoma component.

Kai K, Satake M, Tokunaga O. Gastric adenocarcinoma of fundic 
gland type with signet-ring cell carcinoma component: A case 
report and review of the literature. World J Gastroenterol 2018; 
24(26): 2915-2920  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i26/2915.htm  DOI: http://dx.doi.
org/10.3748/wjg.v24.i26.2915

INTRODUCTION
Gastric adenocarcinoma showing chief cell differentiation 
was initially reported by Tsukamoto et al[1] in 2007. 
In 2010, Ueyama et al[2] reported 10 cases of gastric 
adenocarcinoma showing chief cell differentiation which 
expressed pepsinogen-Ⅰ (a marker for chief cells) and 
proposed the concept of gastric adenocarcinoma of 
fundic gland type (GA-FG). Since then, the concept of 
GA-FG has been widely recognized, and reported cases 
and studies have been gradually accumulated.

Because GA-FG is thought to originate from the gas-
tric mucosa of the fundic gland region without chronic 
gastritis or intestinal metaplasia, it has been generally 
considered that GA-FG develops without Helicobacter 
pylori (H. pylori) infection[3]. However, cases of GA-FG 
with current H. pylori infection or post-eradiation therapy 
were recently reported[4,5]. GA-FG generally presents as 
a well-differentiated adenocarcinoma with mild nuclear 
atypia and is generally considered to have a low potential 
for malignancy, although an extremely rare case of 
advanced GA-FG showing high-grade malignancy was 
reported[6]. To the best of our knowledge, no GA-FG case 
with a poorly differentiated adenocarcinoma or signet-
ring cell carcinoma component has been reported.

We recently encountered a case of GA-FG with a 
signet-ring carcinoma component which developed in a 
patient with current H. pylori infection, and we report the 
case as follows.

CASE REPORT
A 76-year-old Japanese woman visited a nearby clinic 
complaining of a dull feeling in the stomach. Esophago-
gastroduodenoscopy (EGD) revealed a depressed lesion 
at a gastric angle of the greater curvature side. She 
was referred to our hospital for further examination. 
She had been found to have an H. pylori infection by 
a urease test four years ago, but no eradication was 
performed. The depressed lesion was confirmed by an 

EGD performed at Koga Hospital 21 (Figure 1A) and 
narrow band imaging (Figure 1B) showed a relatively 
demarcated lesion with an irregular microsurface pat-
tern. A biopsy of the depressed lesion was performed. 
Histologically, the biopsy specimens consisted of several 
fragments of gastric mucosa with intestinal metaplasia. 
Among the glands with intestinal metaplasia, a small 
number of atypical cells showing a signet-ring-cell-like 
appearance were found (Figure 1C). As these atypical 
cells were positive for immunohistochemistry of pan-
cytokeratin (AE1/AE3), a pathological diagnosis of signet-
ring cell carcinoma was made (Figure 1D). Endoscopic 
submucosal dissection (ESD) was performed.

Pathological findings
The ESD specimen showed a slightly depressed lesion 
measuring 28 mm × 14 mm. In that lesion, a deeper 
depressed lesion measuring 12 mm × 3 mm was 
found. Histologically, a well-differentiated tubular adeno-
carcinoma mimicking the fundic gland cells, mainly the 
chief cells, proliferated at the deep layer of the lamina 
propria mucosae (Figure 2A). The tumor cells had slightly 
enlarged nuclei and showed mild nuclear atypia. The 
structure and differentiation toward the surfaces of the 
fundic gland were significantly disturbed compared to 
normal fundic glands (Figure 2B). The tumor had invaded 
into the submucosal layer, and the maximum depth of 
invasion was 400 μm (Figure 2C). No lymphatic or ve-
nous invasion was observed. The mucosal surface was 
covered with non-neoplastic foveolar epithelium.

Adjacent to the well-differentiated tubular adeno-
carcinoma mimicking fundic gland cells, proliferation of a 
signet-ring cell carcinoma producing intra- and extracel-
lular mucin was observed (Figure 2A). Proliferation of 
the signet-ring cell carcinoma was restricted within the 
lamina propria mucosae, and no lymphatic or venous 
invasion was observed. Focally, intestinal metaplasia was 
observed at the mucosa surrounding the signet-ring cell 
carcinoma (Figure 2A).

In immunohistochemistry, the tumor cells of well-
differentiated tubular adenocarcinoma expressed focally 
(30%) pepsinogen-Ⅰ (Figure 3A), diffusely MUC6 
(Figure 3B) and scattered (5%) H+/K+ ATPase (Figure 
3C). Therefore, we diagnosed this tumor as GA-FG. 
The tumor cells of GA-FG were negative for MUC 2 but 
diffusely positive for MUC 5AC (Figure 3D). Meanwhile, 
the tumor cells of the signet-ring cell carcinoma were 
diffusely positive for MUC 2 (Figure 3E) and MUC 5AC 
(Figure 3F) but negative for pepsinogen-Ⅰ, MUC6, and 
H+/K+ ATPase. The immunohistochemistry results are 
summarized in Table 1.

Based on these HE and immunohistochemical find-
ings, we made the final diagnosis of GA-FG with a signet-
ring cell carcinoma component. The mapping based on 
histology revealed that GA-FG was distributed at a slightly 
depressed lesion (28 mm × 14 mm) and the signet-ring 
cell carcinoma was distributed at a deeper depressed 
lesion (12 mm × 3 mm) in the slightly depressed lesion 
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C D

A B

Figure 1  Image from esophagogastroduodenoscopy. A: Depressed lesion was found at gastric angle of the greater curvature side; B: The narrow band 
imaging of the EGD showed a relatively demarcated lesion with an irregular microsurface pattern; C: The biopsy specimen from the depressed lesion. Among the 
glands with intestinal metaplasia, a small number of signet-ring cell carcinoma cells were found (HE; × 200). D: Signet-ring cell carcinoma cells were positive for 
immunohistochemistry of pan-cytokeratin (× 200). EGD: Esophagogastroduodenoscopy.

A

B C

Figure 2  Pathological findings. A: Representative histological photograph of the specimens of endoscopic submucosal dissection (HE; × 50). Proliferation of gastric 
adenocarcinoma of the fundic gland type (GA-FG) are observed at the deep layer of the lamina propria mucosae in the left half of the photo (blue dot line: the border 
of GA-FG). Adjacent to the GA-FG, proliferation of the signet-ring cell carcinoma producing intra- and extracellular mucin is observed in the right half of the photo 
(yellow dotted line: border of the signet-ring cell carcinoma). Intestinal metaplasia was observed at the mucosa surrounding the signet-ring cell carcinoma (arrows); B: 
Structure and differentiation toward the surfaces of the fundic gland were significantly disturbed at the GA-FG compared to the normal fundic glands (HE; × 50). The 
blue line is the border of the GA-FG and the normal fundic glands. The mucosal surface was covered with non-neoplastic foveolar epithelium. Intestinal metaplasia 
cannot be observed in this photo; C: GA-FG invaded into the submucosal layer (HE; × 100).
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gastric adenocarcinoma accounting for 1.6% of gastric 
adenocarcinomas[7]. GA-FGs are characterized by the 
following: (1) They arise most commonly from the nor-
mal gastric mucosa of the fundic gland region without 
intestinal metaplasia; (2) they are recognized as smooth 
elevated or depressed lesions; (3) they often invade the 
submucosal layer, while lymphatic and venous invasion 
are rare; and (4) the atypia of the tumor cell is usually 
mild[8]. The Wnt/β-catenin signal signaling pathway and 
GNAS mutations are considered to contribute to the 
development and progression of GA-FG[7,9,10].

Immunohistochemically, GA-FG variably express 
the following biomarkers of fundic gland cells: MUC6 
for mucous neck cells; H+/K+ ATPase for parietal cells; 
and pepsinogen-Ⅰ for chief cells. Typical cases diffusely 
express pepsinogen-Ⅰ and MUC6 and show scattered 
positivity for H+/K+ ATPase. These cases are referred to 
as GA-FG of the chief cell predominant type[2]. GA-FGs do 
not express the intestinal-type mucin of MUC2.

The distinctive feature of present case was the co-
existence of the signet-ring cell carcinoma and GA-FG. To 
the best of our knowledge, no GA-FG case which contains 
signet-ring cell carcinoma has been reported. The signet-
ring cell carcinoma component in our case expressed the 

(Figure 4).

DISCUSSION
GA-FG is a very rare variant of a well-differentiated 

MUC 6 H+/K+ ATPase Pepsinogen-Ⅰ MUC5AC MUC2

Gastric adenocarcinoma of fundic gland type + (Diffuse) + (Scattered, 5%) + (Focal, 30%) + (Diffuse) -
Signet-ring cell carcinoma - - - + (Diffuse) + (Diffuse)

Table 1  Results of Immunohistochemistry

Figure 3  Photographs of immunohistochemistry. The magnifications of all photographs are × 200. The tumor cells of GA-FG expressed focally (30%) pepsinogen-
Ⅰ (A), diffusely MUC6 (B), scattered (5%) H+/K+ ATPase (C), and diffusely MUC5AC (D). The tumor cells of the signet-ring cell carcinoma diffusely expressed MUC 
2 (E) and MUC 5AC (F). GA-FG: Gastric adenocarcinoma of fundic gland type.

MUC 2 MUC5AC

Pepsinogen-Ⅰ MUC 6 H+/K+ ATPase

MUC5AC

A B C

D E F

GA-FG
Signet-ring cell carcinoma

Figure 4  Mapping of the endoscopic submucosal dissection specimen 
based on histology. GA-FG distributed at a slightly depressed lesion measuring 
28 mm × 14 mm (red line) and signet-ring cell carcinoma distributed at a deeper 
depressed lesion measuring 12 mm × 3 mm in the slightly depressed lesion (yellow 
line). GA-FG: Gastric adenocarcinoma of fundic gland type.
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intestinal type of MUC2, and intestinal metaplasia was 
focally observed in the background mucosa. In addition, 
the present case had a current H. pylori infection. These 
are unusual findings for GA-FG.

The origin of the signet-ring cell carcinoma is a 
very interesting subject. We propose two hypotheses 
regarding this issue. First, these two lesions (GA-FG and 
the signet-ring cell carcinoma) may have accidentally 
coexisted. Usually, GA-FGs develop at the fundic gland 
in a deep layer of the gastric mucosa, and the normal 
foveolar epithelium remains at the surface. In the present 
case, intestinal metaplasia due to chronic inflammation 
caused by the H. pylori infection was focally observed 
at the surface of the mucosa. Therefore, it seems rea-
sonable that the signet-ring cell carcinoma producing 
intestinal-type mucin developed at the surface of the 
mucosa from the intestinal metaplasia and that GA-FG 
simultaneously developed from the fundic gland of the 
deep layer of the mucosa. However, the probability for 
this situation to occur is considered extremely low.

The second hypothesis is that a part of the GA-FG 
dedifferentiated into signet-ring cell carcinoma. Although 
dedifferentiation or transformation is often observed 
in various types of malignant tumors, no GA-FG case 
showing dedifferentiation or transformation has been 
reported. Usually, GA-FGs do not express MUC5AC, 
which is a marker of the foveolar epithelium; however, 
it is known that GA-FGs rarely express MUC5AC[2,8,11]. 
In the present case, both the GA-FG and signet-ring 
cell carcinoma expressed MUC5AC. Ueyama et al[2] 
speculated that MUC5AC is only expressed in advanced 
GA-FG lesions with a large diameter and massive sub-
mucosal invasion, suggesting that cell differentiation 
changes from the fundic gland type to the foveolar type 
during disease progression. This speculation regarding 
MUC5AC seems to support the potential for the trans-
formation of GA-FG. However, we believe it is impossible 
to conclusively determine the origin of the signet-ring 
cell carcinoma in the present case because of a lack of 
reliable evidence.

In conclusion, we have reported the first case of GA-
FG with a signet-ring cell carcinoma component which 
expressed an intestinal type of mucin. Our case had a 
current H. pylori infection and showed focal intestinal 
metaplasia in the background mucosa. The origin of 
the signet-ring cell carcinoma is unclear at present. We 
expect the accumulation of the similar cases and further 
analysis of whether dedifferentiation or transformation 
can really occur in GA-FG.
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No specific finding was obtained by laboratory testing.
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To the best of our knowledge, no GA-FG case with a poorly differentiated 
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