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KEYWORDS SUMMALY

High-resolution Objective: To evaluate the usefulness of a novel high-resolution magnifying videoendoscope
magnifying called the XG-0001 (Fujifilm, Tokyo, Japan) that is capable of PDD and PDT in experimental and
videoendoscope; clinical situations.

Photodynamic Materials and methods: The fluorescences of three photosensitizers (i.e., porfimer sodium
diagnosis; (Photofrin), protoporphyrin IX and talaporfin sodium (Laserphyrin)) were studied experimentally
Photodynamic via excitation with a purple diode laser (VDL, wavelength 405 nm). Five consecutive patients
therapy; with superficial early gastric cancer not indicated for surgery or other curative endoscopic treat-

ment due to complicated serious diseases were enrolled in this study. After close endoscopic
examinations, 2 mg/kg of Photofrin were intravenously injected into the patients for PDT, and
5-aminolevulinic acid (ALA; 15—20mg/kg) was orally taken for PDD. PDD using VDL and PDT
using an excimer-dye laser (630nm, 4mJ, 60 Hz) were performed with the XG-0001.

Results: Photofrin and Laserphyrin had experimentally the lowest and highest fluorescence
intensities, respectively. The five patients comprised four men and one woman with a mean
age 75.2 year and an age range of 56—83 years. Two additional cancerous lesions were newly
detected by magnifying pharmacoendoscopy. In each patient, PDD was successfully performed.

Gastric cancer
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PDT could also safely performed and CR was obtained in 71.4% (5/7) of the cancerous lesions in
five patients, and no serious complications were encountered.

Conclusion: The XG-0001, which is based on a simultaneous videoendoscopy method that uses an
RGB color chip CCD, proved extremely useful in routine use and also in PDD and PDT for gastric

cancer.

© 2014 Elsevier B.V. All rights reserved.

Introduction

Gastric cancer is one of the main cause of mortality not only
in Japan but also in many developing countries [1]. Recently,
new endoscopic treatments for early gastric cancer, such
as endoscopic mucosal resection (EMR) and endoscopic
submucosal dissection (ESD), have been developed [2,3].
Furthermore, new endoscopic diagnostic procedures for
early gastric cancer based on magnifying endoscopes [4]
and image-enhanced endoscopies (IEEs), such as narrow-
band imaging (NBI) [5] and flexible spectral imaging color
enhancement (FICE) [6], have been established. Subse-
quently, the early detection and early treatment of gastric
cancer has become possible; therefore, the mortality rate of
gastric cancer is gradually decreasing. However, the limita-
tions encountered for superficial gastric cancer patients for
whom endoscopic and surgical resection are contraindicated
due to serious complications remain to be addressed.

Photodynamic therapy (PDT) is defined as the use of
photodynamic agents in the treatment of disease. A pho-
todynamic agent is a substance that is activated by light
to cause damage to tissue. Photodynamic agents can be
exogenous and absorbed preformed from the environment
or endogenous and formed within the body as an abnormal
metabolite, e.g., porphyrins, or as a normal metabo-
lite, e.g., phylloerythrin, and accumulated in tissues due
to faulty excretion, e.g., in hepatic disease (Sounders
Comprehensive Veterinary Dictionary, 3rd edition). There-
fore, photodynamic diagnosis (PDD) is defined as the use
of fluorescence detection using a photodynamic agent in
the diagnosis of disease. PDT is one of the non-invasive
endoscopic treatments for superficial early gastric cancer,
and PDT utilizing an excimer-dye laser (EDL, Hamamatsu
Photonics K.K., Hamamatsu, Japan) and porfimer sodium
(Photofrin, Pfizer Japan Inc., Tokyo, Japan) is approved
by the Ministry of Health, Labour and Welfare in Japan.
Photofrin is a photosensitizer that consists of porphyrin
compounds and is also a photodynamic agent. PDD using
Photofrin to detect early-stage pulmonary tumors with pur-
ple light (405 nm wavelength) excitation has previously been
reported [7]. In this manuscript, PDD is defined as a proce-
dure that uses fluorescence detection of a photodynamic
agent and purple light excitation.

We have used PDT for inoperable gastric cancer patients
since 1988 [8]. However, a technical problem with PDT has
existed for a long time; i.e., an optic fiberscope is needed
during laser irradiation because endoscopic images changes
caused by whiteout due to the intense laser light (Fig. 1A)
when using a conventional videoendoscope such as the GIF
Q240 (Olympus Medical Systems Corp., Tokyo, Japan). In
2003, we found that the EG-485ZH magnifying videoendo-
scope (Fujinon, now Fujifilm, Tokyo, Japan) could be applied

to both PDT (Fig. 1B) and PDD after examination of the suit-
ability of laser light and several videoendoscopes. In 2008,
a novel high-resolution magnifying videoendoscope capable
of PDD and PDT called the XG-0001 (Fujifilm, Tokyo, Japan)
was developed.

The aim of the present study was to evaluate usefulness
of the XG-0001 in experimental and clinical use.

Materials and methods

The novel XG-0001 high-resolution magnifying videoendo-
scope is based on the EG-590ZW (Fujifilm, Tokyo, Japan),
which is a simultaneous method videoendoscope system that
uses a red, green and blue (RGB) color chip charge coupled
device (CCD). The optical magnification rate of the XG-0001
is up to 135 times on 19-inch high-definition color monitor;
moreover, this endoscope is capable of 10 channels of FICE
[6] as an IEE.

The study protocols were planned in accordance with
the Declaration of Helsinki of 1975 and were reviewed and
approved by the local ethical committee (No. 2015/2008).

Experimental PDD and PDT studies

To confirm fluorescence during PDD, we studied the three
photosensitizers that are available in Japan: Photofrin,
protoporphyrin IX (PplIX; SBI Pharmaceuticals Co., Ltd.,
Tokyo, Japan) and talaporfin sodium (Laserphyrin; Meiji
Seika Pharma Co., Ltd., Tokyo, Japan). The light source
was a purple diode laser (VDL, 405 nm wavelength) with a
spectrometer (VDL-M1/ver.3.05P; m & m Co., Ltd., Tokyo,
Japan). The three photosensitizers were diluted to physi-
ological concentrations that are used clinically (Photofrin:
2.5mg/mL, PpIX: 20nmol/L, Laserphyrin: 25mg/mL) and
dropped onto black sponges. During irradiation with the VDL
via the XG-0001, fluorescence on the sponge was observed on
a 19-inch high-definition color monitor, digital pictures and
videos were recorded. Simultaneously, the spectrum of each
photosensitizer was measured with a spectrometer. We also
examined which FICE channel enhanced the fluorescence by
PDD.

To determine the best conditions for the XG-0001 during
PDT, we adjusted the pulse rate of the EDL and the shutter
speed of this novel endoscope. Additionally, we determined
which FICE channel best minimized the brightness on the
color monitor due to the intense laser light during PDT.

Clinical study

Five consecutive patients with superficial early gastric can-
cer not indicated for surgery or other curative endoscopic
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Fig. 1

Comparison of two types of videoendoscopes during laser irradiation. (A) A field sequential method videoendoscope with a

monochrome CCD and a rotation disk with red, green and blue (RGB) optical filters (GIF Q240, Olympus). (B) A simultaneous method
videoendoscope with a RGB color chip CCD (EG-485ZH, Fujifilm).

treatments, such as EMR and ESD, due to complicated seri-
ous diseases, such as heart failure, renal failure, etc., were
enrolled in this study between June of 2008 and July of
2009. Before PDD and PDT, close endoscopic examinations
that included endoscopic ultrasoundscopy (EUS), magnifying
pharmacoendoscopy [9] and chromoendoscopy using indigo
carmine dye were performed with the EG-590ZW or XG-
0001. At that time, biopsies were carried out from the
localized area of gastric cancer.

On the afternoon of the day of admission day (the
1st day), 2mg/kg of Photofrin was intravenously injected
into the patient, and the patient was subsequently pro-
tected from sunlight. On the morning of the 3rd day, the
patient consumed four soft capsules containing 250 mg of 5-
aminolevulinic acid (ALA; 15—20 mg/kg, SBI Pharmaceuticals
Co., Ltd., Tokyo, Japan) with some water; these capsules

dissolved in the small intestine. Because the fluorescence of
Photofrin was very weak in the experimental study (Fig. 2A),
it was thought to be inapplicable for PDD in the clinical
study. Thus, the 5-ALA was used for the PDD. Four or five
hours after the administration of the 5-ALA, PDD using the
VDL-M1/ver.3.0SP (405nm, 80—100mW) and the XG-0001
was performed. Immediately after the detection of fluores-
cence and the measurement of the spectrum, PDT using EDL
(630nm, 4mJ, 60Hz; equal to 240 mW) with the XG-0001
was performed. Regarding the PDT, the target dose of irra-
diation was set to 60—100J/cm?, and we used a free-cut
quartz fiber or cylindrical quartz fiber when the cancer-
ous lesion was the excavated type. On the afternoon of
the 4th day, additional EDL irradiation was provided if the
treatment of the cancerous lesion was insufficient based on
magnified observations with the XG-0001. On the morning
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Fig. 2 Detection of fluorescence with the novel high-resolution videoendoscope (XG-0001, Fujifilm). Endoscopic fluorescence
images: (A) porfimer sodium (Photofrin), (B) protoporphyrin IX (PplX), (C) talaporfin sodium (Laserphyrin). Fluorescence emission

spectra: (D) Photofrin, (E) PplX, (F) Laserphyrin.
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Table 1  Patient characteristics and results (the Paris endoscopic classification [27] was applied).

No. Sex/age Location Type (Paris class)  Histology Depth  Size (Max)  PDT outcome  Survival duration

1 M/76 Body GC O-llc+lla Well-Mod. SM 20mm CR 6 years 1 month
Antrum LC  O-lla Well-Mod. M 15mm CR

2 M/56 Antrum GC  O-llc+lla Well SM 10mm CR 6 years 1 month

3 M/81 Fundus GC  O-lla+lic Well SM 15mm CR 5 years 10 months

4 F/83 Body PW 0-llc Mod. SM 20mm PR 5 years 4 months
Fundus PW  0-llc Well M 15mm CR

5 M/80 Antrum GC  O-lla Well SM 20mm PR2 5 years 1 month

GC, greater curvature; LC, lesser curvature; PW, posterior wall; Well, well differentiated adenocarcinoma; Mod., moderately differen-
tiated adenocarcinoma; SM, submucosal; M, mucosal; CR, complete remission; PR, partial remission.

@ CR by additional PDT.

of the 11th day (7 days after PDT), magnified observations
were made with the XG-0001 or EG-590ZW. If the laser
ulcers were in the healing stage and free of hemorrhage
and there were no symptoms, the patient was discharged
on the evening of the 12th day. Laboratory data (before,
immediately after and three months after treatment) were
compared, and the patients’ symptoms, including as sun-
burn, stomachache and appetite loss, were observed. At
three months after treatment, magnified observations and
punch biopsies of the treated lesions with the XG-0001 or
EG-590ZW were performed. Complete responses (CR) and
partial responses (PR) were defined as the absence of any
detected cancer and some detected cancer, respectively,
at three months after PDT. After treatment, the patients
were followed up regularly as long as possible. This study

was approved by the local ethical committee (No. 2015/
2008).

Results

Experimental PDD and PDT studies

Red color fluorescence was clearly observed from every
photosensitizer following VDL irradiation via the XG-0001
(Fig. 2A: Photofrin, Fig. 2B: PpIX, Fig. 2C: Laserphyrin).
Additionally, every fluorescence spectrum exhibited the
characteristic spectrum the corresponding photosensitizer
(Fig. 2D: Photofrin, Fig. 2E: PplX, Fig. 2F: Laserphyrin).
Photofrin had the lowest and Laserphyrin had the highest

Fig. 3

A new cancerous lesion found with magnifying pharmacoendoscopy and chromoendoscopy (Case No. 4; 0-llc located in the

posterior wall of the fundus, shown in Table 1). (A) Endoscopic view of the posterior wall of the fundus. (B) Close view of the same
area. (C) Magnified view just after spraying epinephrine solution (0.05mg/mL). (D) Endoscopic view of the same area as C (circled)

via chromoendoscopy using indigo carmine dye.
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fluorescence intensities (Fig. 2). No available FICE channel
enhanced the PDD fluorescence.

During the irradiation, the pulse frequency of the EDL
was adjusted to 60 Hz, and the shutter speed of the XG-0001
was adjusted to 1/60s to achieve the maximal prevention
of whiteout on the monitor. The channel 2 FICE settings (R:
550nm, G: 500 nm, B: 450 nm) were optimal for minimizing
the brightness due to the laser light.

Clinical study

The characteristics of five patients and the results of the
clinical study are summarized in Table 1. The five patients
comprised four men and one woman with a mean age of
75.2 years and an age range of 56—83 years. Before PDT, two
additional cancerous lesions (Case No. 1; 0-lla located in the
lessor curve of the antrum; Case No. 4; 0-llc located in the
posterior wall of the fundus, Fig. 3) were found via close
endoscopic examinations that included magnified pharma-
coendoscopy [9] and chromoendoscopy.

In each patient, PDD (i.e., the detection of fluorescence
and the fluorescence spectrum) was successful on the 3rd
day and was unsuccessful on the 4th day. The detected flu-
orescence of Case No. 1 (O-lic+lla located in body of the
greater curve) is shown in Fig. 4A, and its emission spectrum
is shown in Fig. 4B.

In PDT, CR was obtained in 71.4% (5/7) of the can-
cerous lesions in five patients. The treatment course of
a metachronous superficial early gastric cancer after ESD
located in the greater curvature of the gastric body (Case
No. 1 in Table 1) is shown in Fig. 5 (A: before PDT, B: during
irradiation, C: one week after PDT, and D: six months after
PDT). The PR of the cancerous lesion of patient No. 5 was
altered to CR following an additional course of PDT. Patient
No. 4 refused additional treatment due to the absence of
symptoms following the first course of PDT.

Slight liver dysfunctions occurred in two patients but
recovered within a week. Reversible sunburn due to photo-
sensitivity was observed in two patients. However, no serious
complications, such as hemorrhage, peritonitis or perfora-
tion of the stomach, were encountered.

As on August of 2014 every patient has survived, and the
range of survival durations is 5 years 1 month to 6 years 1
month.

Discussion

Experimental studies and clinical experiences showed that
the novel XG-0001 high-resolution magnifying videoendo-
scope was capable of performing not only PDD but also PDT
for gastric cancer.

As mentioned in ‘‘Introduction’’ section, the require-
ment of an optic fiberscope during PDT because the
endoscopic image is altered by whiteout due to the intense
laser light during the use of conventional videoendoscope
has been a technical problem in Japan (Fig. 1A). There are
two different types of videoendoscope systems. The first is
a sequential method system that involves a xenon lamp,
a monochrome CCD and a rotation disk with RGB optical
filters. The second is a simultaneous method system that
involves a xenon lamp and a RGB color chip CCD. The former

25000

20000

|

{

1500 ‘
|

10000 | |
|

[

L

B e s Vot PV
0 = - .
400 450 500 550 600 650 700 750

Fig. 4 Detection of fluorescence in vivo (superficial early gas-
tric cancerous lesion located in the greater curvature of the
gastric body; Case No. 1, shown in Table 1). (A) Endoscopic
image: O-lla+llc (indicated by arrows) and a scar after ESD
(circled). (B) Fluorescence emission spectra (light blue: total
spectrum, yellow: background spectrum, red: true spectrum).

type of system is produced by Olympus as the EVIS-200 series
and is sold mainly in Japan, China, Korea and the United
Kingdom (UK). The latter systems are also produced by Olym-
pus as the EVIS-100 series and are sold all over the world
with the exceptions of Japan, China, Korea and the UK.
In contrast, all of the videoendoscope systems produce by
Fujifilm and Pentax are the simultaneous type. Because the
EVIS-200 series videoendoscopy system is very popular in
Japan, we had been using an optic fiberscope and TV sys-
tem during PDT for gastric cancer [10]. However, we found
that the simultaneous videoendoscope method is capable of
observing of laser irradiation (Fig. 1B). We thought that the
simultaneous videoendoscope method with a sharp-cut filter
including 405 nm could be used to perform PDD. Then, we
decided to develop the XG-0001, which is based on the com-
mercially available EG-590ZW model. Despite the sharp-cut
filter, there were no differences in endoscopic color tone
between the XG-0001 and EG-590ZW.

Fluorescence diagnosis has become important in clinical
practice, particularly in the identification and localization
of pre- and early cancerous lesions and image-guided ther-
apy [11]. There are two types of fluorescence diagnostic
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methods. The first is exogenous drug-induced fluorescence
(including PDD), and the second is autofluorescence (AF).
Exogenous 5-ALA is a natural precursor of the heme biosyn-
thetic pathway; therefore, it induces the formation of
PplX, which is an endogenous photosensitizer (photodynamic
agent) [12]. Attempts to apply PDD to gastric cancer with 5-
ALA have previously been reported; however, the resulting
endoscopic images were poor due to the use of optic fiber-
scopes [13,14]. There are two types of AF videoendoscopy
system in the field of gastrointestinal endoscopy. The first
include the light-induced fluorescence endoscope (LIFE; Xil-
lix Technologies Corp., Richmond, British Columbia, Canada;
and Olympus Medical Systems Corp., Tokyo, Japan) systems
[15,16], the second include the SAFE-3000 system (HOYA
Corporation, Tokyo, Japan) [17]. Unfortunately, neither the
LIFE nor the SAFE-3000 system can be used for magnified
observations, and these techniques are less sensitive than
chromoendoscopy and have low specificities for gastric neo-
plasias including early gastric cancers [15,17].

Magnifying endoscopy is useful for determining the
extent of the intramucosal spread of differentiated early
gastric cancer and also provides more precise endoscopic
diagnoses [4]. Recently, magnifying endoscopy with IEEs,
such as NBI and FICE, have proven to be more accurate than
conventional white-light imaging in the diagnosis of gas-
tric mucosal cancer [18—20]. NBI systems yield very clear
images of the microvessels on mucosal surfaces [5]; how-
ever, such systems cannot be used for PDD and PDT because
they are based on a field sequential videoendoscopy sys-
tem. In contrast, the FICE system is based on a simultaneous
videoendoscopy system; therefore, this system can be used
for PDD and PDT.

PDT is a non-invasive light-based oncologic intervention,
and its fundamental principle is as follows. A photosensi-
tizer, such as Photofrin, is applied and then activated by light
of the appropriate wavelength and intensity from a source
such as an EDL (630 nm); this creates the photodynamic reac-
tion that ablated the tumor and vasculature [21]. Upon the
photodynamic reaction, the production of singlet oxygen
and other reactive chemical radicals causes local nonther-
mal cellular damage, vascular thrombosis, and necrosis,
which evolve over hours to several days [22,23]. Systemic
administration of 5-ALA has been employed in numerous
studies of PDT for ablation of Barrett’s mucosa. Potential
advantage of 5-ALA is specifically for Barrett’s esopha-
gus include greater mucosal concentrations compared to
submucosal and stromal levels (yielding more superficial
injury). When given orally it yields peak levels of PpIX in
the esophageal mucosa in 4—6 h [23]. In our study, PDT was
performed after the administration of 5-ALA and Photofrin,
and Photofrin mainly caused a tumor response by PDT.
After the administration of Photofrin, it is cleared from
most tissues over 40—72h but retained for longer inter-
vals in tumors, skin, and the reticuloendothelial system
[23]. After several clinical studies [24,25], Photofrin PDT
was approved for superficial early gastric cancer, and this
treatment is covered by the public health insurance sys-
tem of Japan. The term ‘‘early gastric cancer’’, defined
in 1971 by the Japanese Society of Gastroenterology and
Endoscopy as carcinoma limited to gastric mucosa and or
submucosa regardless of lymph node status [26]. Indications
for Photofrin PDT are superficial early gastric cancers that
have invaded the submucosal layer and are approximately
1—3cm in diameter without ulcerations, or under 2cm in

Fig. 5

The treatment course of a metachronous superficial early gastric cancer after ESD located in the greater curvature of

the gastric body (Case No. 1 in Table 1). (A) Before PDT:0-lla+llc (indicated by arrows) and a scar after ESD (circled). (B) During
irradiation with an EDL using cylindrical quartz fiber. (C) One week after PDT. (D) Six months after PDT.
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diameter with ulcerations. The target patients are those
with contraindications for surgery or curative endoscopic
treatments, such as EMR and ESD, without metastases to
the lymph nodes according to diagnostic imaging. As a result
of the recent advances in endoscopic diagnostic and treat-
ment techniques for superficial gastric cancer, PDT has come
to be regarded as a supplementary ablation treatment [27]
and has become unpopular.

The novel XG-0001 videoendoscope has several char-
acteristics. First, this videoendoscope is capable of PDD
(Figs. 2 and 4) without special system such as the SAFE-3000.
In contrast to the AF method, PDD relies on the selective
uptake and retention of photosensitizers by abnormal tis-
sue to generate image contrast, and PDD generally produces
greater intensity contrasts than AF and displays character-
istic spectral features [11]. In the field of bronchoscopy,
the SAFE-3000 system can be used with Laserphyrin for
PDD for the early detection of centrally located early
lung cancer [28]. Unfortunately, the SAFE-3000 system with
Laserphyrin is not currently approved for gastric cancer
in Japan. Photofrin PDT should be avoided due to the
possibilities of photosensitivity and liver dysfunction. In
the near future, PDD with Laserphyrin for gastric cancer
might be realized, and this problem will be solved. The
possibilities of magnified observation during PDD and the
enhancement of fluorescence by FICE will also be real-
ized.

The capacity for magnified observation with FICE is
another merit of the XG-0001. Magnified observation of
microvessels on mucosal surfaces is useful for the early
detection of differentiated types of gastric cancer [4].
When epinephrine is applied, the noncancerous gastric
mucosa surrounding a cancerous lesion changes in color
from red to white, and no microvessels are evident. In con-
trast, cancerous lesions exhibit clear enhancement of the
tumor microvessels [9]. This technique is termed magnify-
ing pharmacoendoscopy and can be applied to every type
of magnifying endoscopy. In the present study, this tech-
nique was useful for identifying two additional cancerous
lesions (Case No. 1; 0O-lla located in the lessor curve of
the antrum and Case No. 4; 0-lic located in the posterior
wall of the fundus; Fig. 3). Magnified observations dur-
ing the interval of PDT revealed edematous changes and
vascular shutdown of the microvessels in the irradiated
lesions.

During PDD and PDT, laser light was observable on a
19-inch high-definition color monitor without sunglasses
(Figs. 4A and 5B). Moreover, the channel 2 setting of the
FICE minimized the brightness of the laser light. In situa-
tions involving pulsed wave lasers, adjustments of the pulse
frequency and the shutter speed of the endoscope were
needed. Regarding the efficacy of Photofrin PDT, CR was
obtained in 71.4% (5/7) of the cancerous lesions in five
patients (Table 1). This result is not significantly different
from those of previous reports [24,25]. However, all of the
patients lived for at least five years after PDT, and they
had maintained their quality of life. This method may be
applicable also on the treatment of superficial esophageal
cancer.

To our knowledge, no high-resolution magnifying
videoendoscope that is capable of PDD and PDT such as the
XG-0001 has previously been developed.

Conclusion

The novel high-resolution XG-0001 magnifying videoendo-
scope, which is based on a simultaneous videoendoscope
method that utilizes a RGB color chip CCD, proved to be
extremely useful not only for routine use but also for PDD
and PDT, particularly in cases of gastric cancer.
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