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Abstract
5-aminolevulinic acid (ALA) is a naturally occurring 
amino acid that is a protoporphyrin IX (PpIX) precursor 
and a next-generation photosensitive substance. After 
exogenous administration of ALA, PpIX specifically 
accumulates in cancer cells owing to the impaired 
metabolism of ALA to PpIX in mitochondria, which 
results in a red fluorescence following irradiation 
with blue light and the formation of singlet oxygen. 
Fluorescence navigation by photodynamic diagnosis 
(PDD) using ALA provides good visualization and 
detection of gastric cancer lesions and is a potentially 
valuable diagnostic tool for gastric cancer for evaluating 
both the surgical resection margins and extension of 
the lesion. Furthermore, PDD using ALA might be used 
to detect peritoneal metastases during preoperative 
staging laparoscopy, where it could provide useful 
information for the selection of a therapeutic approach. 
Another promising application for this modality is in the 
evaluation of lymph node metastases. Photodynamic 
therapy (PDT) using ALA to cause selective damage 
based on the accumulation of a photosensitizer in 
malignant tissue is expected to be a non-invasive 
endoscopic treatment for superficial early gastric 
cancer. ALA has the potential to be used not only as 
a diagnostic agent but also as a therapeutic drug, 
resulting in a new strategy for cancer diagnosis and 
therapy. Here, we review the current use of PDD and 
PDT in gastric cancer and evaluate its future potential 
beyond conventional modalities combined with a light 
energy upconverter, a light-emitting diode and near-
infrared rays as light sources. 
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stomach[12,13]. 
Recent advances in limited treatments, including 

EMR, ESD and minimally invasive surgery, can improve 
the quality of life for patients with EGC[11,14]. However, 
sufficient resection margins are necessary to prevent 
the reappearance of EGC, as inadequate resections that 
do not maintain surgical margins free of cancer can 
lead to disease recurrence[10,11]. Recently, fluorescence 
imaging using photosensitive molecules such as ALA or 
indocyanine green (ICG) has been developed, and it is 
being applied as a navigating tool for various fields of 
surgery[15,16].

PRINCIPLE OF PHOTODYNAMIC 
DIAGNOSIS
Exogenously administered ALA is incorporated by 
cells and is used to synthesize a naturally fluorescent 
substance, PpIX, which also exhibits photoactivity. 
When PpIX is excited by irradiation of a specific 
wavelength, mainly visible blue light of 375-475 nm, 
it emits red fluorescence, and this property can be 
harnessed to accurately identify cancer cells, which 
accumulate PpIX. This so-called photodynamic dia
gnosis (PDD) is a relatively new modality that is based 
on tumor-specific accumulation of 5-ALA-induced 
PpIX[3,15,16]. 

PDD imaging systems were recently improved to 
enable detection of malignant lesions in the brain, lung 
and esophagus based on systemic administration of 
the photosensitive substance Photofrin[15]. However, 
Photofrin has considerable adverse effects, such 
as strong phototoxic skin reactions and increases 
in serum aminotransaminase. Accordingly, ALA is 
clinically recognized as an effective and safe substrate 
for detecting various cancers owing to the low risk of 
side effects [3,15,17-19].

We have used an endoscopic PDD system (Karl 
Storz, Tuttlingen, Germany) comprised of a CCU 
Tricam SLII/3CCD CH Tricam-P PDD, D-Light C, and 
HOPKINSII Straight Forward Telescope 30° (Karl 
Storz)[5,15,16,20]. The D-Light C light source (300 W 
xenon arc lamp, Karl Storz) is equipped with a band-
pass filter designed to transmit blue light (excitation 
wavelength, 375-445 nm), and the CCU Tricam 
SLII/3CCD CHTricam-P PDD video camera system is 
equipped with a long-pass filter designed to exclude 
blue light for fluorescence imaging (fluorescence 
emission wavelength, 600-740 nm). This PDD system 
has the advantage that it can switch instantly between 
the blue light mode for fluorescence imaging and the 
white light mode for conventional observation. In our 
studies, ALA is dissolved in 50 mL of a 5% glucose 
solution, and 1.0 g of this solution is given orally 3-4 
h before the intraoperative PDD observation. Patients 
are shielded from direct sunlight for 24 h to avoid 
phototoxicity. In our experience, no special precautions 
have been necessary during ALA-PDD, such as liver 
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Core tip: 5-Aminolevulinic acid (ALA) is a naturally 
occurring amino acid that is a protoporphyrin IX 
precursor and a next-generation photosensitive 
substance. Fluorescence navigation by photodynamic 
diagnosis (PDD) using ALA is a potentially valuable 
diagnostic tool for gastric cancer for evaluating both 
the surgical resection margins and the extension of the 
lesion. Furthermore, PDD using ALA might be useful 
to detect peritoneal metastases during preoperative 
staging laparoscopy and evaluation of lymph node 
metastases. Photodynamic therapy using ALA to 
cause selective damage based on the accumulation 
of a photosensitizer in malignant tissue is expected 
to become a non-invasive endoscopic treatment for 
superficial early gastric cancer.
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INTRODUCTION
5-Aminolevulinic acid (ALA) is a naturally occurring 
amino acid derivative that acts as an endogenous 
substrate and precursor to protoporphyrin IX (PpIX). 
PpIX is a heme precursor in the biosynthetic pathway 
that emits a strong red fluorescence upon excitation 
with blue light[1,2]. Since ALA is analogous to amino 
acids, rapid absorption can be expected following 
ingestion, followed by being immediately metabolized 
to heme in normal cells. In various cancer cells, 
exogenous administration of excessive amounts of 
ALA increases the cellular level of PpIX, resulting in 
a higher accumulation of PpIX in cancer cells than in 
normal cells. However the mechanism of preferential 
accumulation of PpIX remains unclear[3-5]. 

Gastric cancer remains one of the leading causes of 
cancer-related deaths and is the third most common 
cancer worldwide[6]. Although surgery is the main 
treatment for operable gastric cancer, most patients who 
present with inoperable advanced or metastatic disease 
require palliative treatment, including chemotherapy 
or radiotherapy, in combination with novel molecular-
targeted drugs that induce antibody-dependent cellular 
cytotoxicity[7-9]. Fortunately, early gastric cancer (EGC), 
in which the cancer cells are confined to the gastric 
mucosa or submucosa, regardless of lymph node 
metastasis, has an excellent outcome with surgical 
curative resection[10,11]. A less invasive therapy using 
endoscopy, such as endoscopic mucosal resection 
(EMR) or endoscopic submucosal dissection (ESD), 
is considered a favorable treatment for EGC without 
lymph node metastasis because it is able to resect a 
target lesion en bloc with preservation of the entire 



support or light shielding, and no adverse events have 
thus far been encountered.

PDD FOR GASTRIC CANCER
Several studies have used PDD using ALA (ALA-PDD) 
for the diagnosis and treatment of gastric cancer, 
including the application of this approach for staging 
laparoscopy[16,20-22]. Table 1 summarizes previous 
clinical reports of ALA-mediated fluorescence used 
for gastric cancer, including both PDD and photodyna
mic therapy (PDT)[16,20-25]. Among these studies, we 
recently examined the clinical usefulness of ALA-PDD 
during surgery for gastric cancer[16]. Our findings 
indicate that there is a difference in the ALA-PDD-
positive rate between intestinal- and diffuse-type 
gastric cancers. 

Oligopeptide transporters (PEPT), such as peptide 
transporter 1 (PEPT1) and PEPT2, are involved 
in the cellular uptake of ALA[26-29]. ALA-mediated 
PpIX accumulation in tumors is associated with the 
expression of particular proteins, such as PEPT1, 
PEPT2, ferrochelatase, and ATP-binding cassette 
transporter G2 (ABCG2)[29-31]. Hagiya et al[29] reported 
that high expression of PEPT1 and low expression of 
ABCG2 correlated with ALA-induced accumulation of 
PpIX. Furthermore, Kobuchi et al[30] reported that ALA-
induced PpIX production and cellular photosensitivity 
correlated negatively with the expression of the PpIX 
transporter ABCG2 but not with that of PEPT1, PEPT2 
or ferrochelatase in a cancer cell line. These differences 
in the PpIX biosynthesis pathway might involve 
diagnostic findings of different histological types of 
gastric cancer[29,30,32]. 

Regarding the future direction of ALA-PDD for 
gastric cancer, it could be used as a tool for evaluating 
surgical resection margins and thereby assist with 
pathological diagnosis during surgery. Sometimes, a 
situation is encountered in which decisions must be 
made for proceeding during surgery for the treatment 

of gastric cancer, such as determining the extent of 
the cancer in cases with indistinct margins[33]. In these 
cases, ALA-PDD might provide useful information to 
judge the margins that would be sufficient for resection 
of the tumor.

Magnifying endoscopy is useful for determining 
the extent of intramucosal spread of differentiated 
EGC, and also provides more precise endoscopic 
diagnoses[34,35]. In addition, ALA-PDD might be an 
effective diagnostic procedure during endoscopic 
therapies such as EMR or ESD, in addition to early 
detection of gastric cancer. To detect any extension 
of the cancer in these limited surgeries[36], new 
endoscopic diagnostic procedures for EGC based 
on magnifying endoscopes and image-enhanced 
endoscopies, such as narrow-band imaging (NBI) and 
flexible spectral imaging color enhancement (FICE), 
have been developed[34,35,37]. In this regard, ALA-PDD 
could provide additional information to that obtained 
with these conventional endoscopic modes, and thus 
might prove valuable for evaluating the extent of the 
lesion.

NEW APPROACH FOR CANCER STAGING
Peritoneal metastasis from a primary gastric cancer 
is the most frequent type of distant metastasis and 
post-surgical recurrence in advanced gastric cancer 
with serosa-invading tumors, and is an incurable 
condition with poor prognosis[38,39]. Numerous attempts 
with new approaches have been made for gastric 
cancer staging, because accurate staging of gastric 
cancer, and particularly the diagnosis of peritoneal 
dissemination, is a prerequisite for determining the 
most appropriate therapy[7,8,25,39]. Although staging 
laparoscopy is used frequently in the management 
of patients with advanced gastric cancer to prevent 
unnecessary laparotomy[40,41], it has limitations in 
visualizing the dissemination of cancer nest[42-45]. 

Staging laparoscopy with ALA-PDD is safe and 
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Table 1  Previous clinical reports of 5-aminolevulinic acid-mediated fluorescence for gastric cancer

Study Year Number of 
patients

Clinical application Results

Mayinger et al[22] 1999   4 Feasibility study of PDD during endoscopy All malignant lesions exhibited fluorescence during PDD
Kishi et al[20] 2012 13 Detection of peritoneal metastases The tumor detection rate was higher in PDD than white light 

(72% vs 39%)
Murayama et al[21] 2012 13 Detection of peritoneal metastases The accuracy of the fluorescence imaging was greater than 

that of white-light imaging
Koizumi et al[23] 2013 14 Detection of metastatic lymph nodes The sensitivity, specificity, and accuracy of ALA-PDD were 

70.8%, 96.7%, and 92.4%, respectively
Namikawa et al[16] 2014 21 Feasibility study of PDD during surgery The sensitivity, specificity, and accuracy of ALA-PDD were 

57.7%, 100%, and 66.7%, respectively
Nakamura et al[24] 2014   5 Evaluation of high-resolution magnifying 

videoendoscopy for PDD and PDT
PDD and PDT were successfully and safely performed, and 

CR was obtained in 71.4% of cases
Kishi et al[25] 2014 52 Detection of peritoneal metastases ALA-PDD detected peritoneal metastases in 21% of the 

patients, while 46% of the patients had no evidence of 
dissemination on white-light examination

ALA: 5-aminolevulinic acid; CR: Complete response; PDD: Photodynamic diagnosis; PDT: Photodynamic therapy.
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invisible under white light were detected under ALA-
induced fluorescence in 13 patients undergoing 
staging laparoscopy. Furthermore, they correlated 
the ALA-PDD results with those from peritoneal 
fluid cytology and molecular diagnostic testing in 52 
patients with advanced gastric cancer[26]. Twenty-four 
of the 52 patients (46%) had no macroscopic evidence 
of peritoneal metastases on white light examination; 
however, ALA-PDD detected dissemination in 5 of 
these 24 patients (21%). 

Murayama et al[21] assessed the diagnostic capa
bility of fluorescence laparoscopy in 13 patients with 
advanced gastric cancer using ALA for peritoneal 
dissemination, and for small superficial liver 
metastases that are difficult to identify by computed 
tomography scanning. Five of the 13 patients de
monstrated peritoneal metastases, and one patient 
demonstrated superficial liver micrometastases by 
fluorescence laparoscopy using ALA. 

We have also carried out staging laparoscopy 
using ALA-PDD in patients with serosa-invading 
gastric cancer and confirmed good visualization of 
peritoneal metastases (Figures 1-3). Thus, ALA-PDD 
in combination with staging laparoscopy is a promising 
procedure for improving the reliability of detection of 
invisible metastases in advanced gastric cancer.  

Lymph node metastases are one of the most 
important prognostic factors in gastric cancer, and 
precise diagnosis of these metastases is essential for 
selecting the most appropriate therapeutic strategy. 
Koizumi et al[23] examined the feasibility of using 
ALA-PDD to detect metastatic foci in 144 excised 
lymph nodes that were obtained from 14 gastric cancer 
patients. In total, 121 lymph nodes were diagnosed 
in agreement with the results of histopathological 
examination, and the overall diagnostic accuracy 
of gross fluorescence inspection without regard to 
fluorescence patterns was 84%. The authors concluded 
that ALA-PDD is a feasible and direct approach for 
detecting metastatic lymph nodes in gastric cancer 
patients using a simple apparatus. One difficulty with 
ALA-PDD in this application is that fluorescence imaging 

improves the diagnostic accuracy for peritoneal 
metastases in patients with gastric cancer[20,21,25]. Kishi 
et al[20,25] examined the usefulness of ALA-PDD with 
staging laparoscopy in patients with serosa-invading 
advanced gastric cancer, comparing the detection 
sensitivity with that obtained using conventional white 
light. They demonstrated that the tumor detection 
rate of 72% using ALA-induced fluorescence was 
significantly higher than that achieved using white light 
(39%) in a mouse model of peritoneal metastases, 
which involved 8 mice with 729 peritoneal nodes. 
In addition, three metastatic lesions that were 
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Figure 1  Staging laparoscopy images using photodynamic diagnosis-5-aminolevulinic acid showing serosal invasion of gastric cancer. A whitish nodulated 
surface was seen in the stomach (A), which was visualized by ALA-induced red fluorescence (B). ALA: 5-aminolevulinic acid.

Figure 2  Peritoneal metastasis of gastric cancer comparing photodynamic 
diagnosis-5-aminolevulinic acid with conventional methods during 
staging laparoscopy. ALA-induced red fluorescence was seen in the white 
nodule (B, arrow), which appeared as a non-specific nodule under white light (A). 
ALA: 5-aminolevulinic acid.

A

B

Namikawa T et al . 5-Aminolevulinic acid for gastric cancer



is only obtained from the outside of the lymph nodes, 
because human lymph nodes are surrounded by 
abundant connective tissues, causing a lower depth 
of penetration of blue light into the tissues. If deep 
observations were possible, diagnosis of lymph node 
metastasis would be possible in the full surgical field in 
situ, and thus it could be possible to select individual 
lymph nodes for extraction[21]. To resolve these issues, 
further investigations are needed.

PHOTODYNAMIC THERAPY FOR 
GASTRIC CANCER
ALA has been used successfully, not only to diagnose, 
but also to treat various tumors[44,45]. PDT is defined as 
the use of photodynamic agents that are biochemically 
activated by light, to cause tissue damage in the 
treatment of disease[46]. During PDT, emission of 
the excitation light, which falls within the absorption 
wavelengths of PpIX, results in the generation of 
reactive oxygen species (ROS) that induce apoptosis 
within the irradiated cells[47-49]. One advantage of 
ALA-PDT is that the lack of PpIX in normal cells po
tentially allows for a tumor-specific PDT with minimal 
adverse effects, and because tissue penetration by the 
excitation light is limited, the cytotoxic effects of PDT 
are also limited to the superficial tissue[50]. Therefore, 
ALA-PDT is expected to become an important non-
invasive endoscopic treatment for superficial EGC[50,51]. 

Loh et al[46] demonstrated selective photosen
sitization of gastric mucosa with sparing of the other 
tissue layers of the stomach with ALA-PDT using a 
rat model. Although red light at a peak wavelength of 
approximately 635 nm is often used as the excitation 
light source in ALA-PDT[52,53], Hino et al[50] reported the 
efficacy of a light-emitting diode (LED) as an irradiation 
source for ALA-PDT in a mouse model of peritoneally 
disseminated gastric cancer. They demonstrated 
differences in anticancer effects, including ROS 
generation and cytotoxic effects, among three LED 
sources, which were violet at a peak wavelength of 
410 nm, green at a peak wavelength of 525 nm, and 

red at a peak wavelength of 635 nm. The violet and 
green LEDs had the same anticancer effects, which 
were significantly greater than those of the red LED[50]. 
Thus, violet light has a greater cytotoxic effect, while 
red and infrared light penetrate deeper within biological 
tissues for in vivo clinical applications[51]. 

The near-infrared (NIR) window, composed of 
wavelengths between 700 and 1000 nm, provides the 
greatest depth of penetration in biological tissues, while 
blue or red lights yield low tissue penetrability and 
therefore are limited to surface cancer applications. 
To this end, Shimoyama et al[51] demonstrated a 
potentially novel PDT in a human gastric cancer cell 
line using NIR-irradiated lanthanide nanoparticles 
(LNP), which are excited by NIR-emitting visible light 
and administered using ALA. In addition to the tissue 
penetrability advantage, these early studies indicated 
possible additional advantages of LNP-sensitizer 
conjugates in reducing the background fluorescence, 
photobleaching, and photoblinking properties that are 
generally associated with such techniques[51,54]. 

CONCLUSION
ALA-PDD is a promising and safe diagnostic modality 
for determining tumor extent and for detecting 
metastatic lesions in gastric cancer. Furthermore, 
PDT has potential advantages in terms of minimizing 
the procedure invasiveness. Further investigations, 
including a prospective randomized controlled trial, are 
needed to verify the usefulness of the ALA-mediated 
fluorescence technology for gastric cancer.
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