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Introduction
!

Colonoscopy reduces mortality from colorectal
cancer through detection and treatment of tu-
mors at an earlier and more treatable stage, but
lesions that are particularly flat and depressed le-
sions remain challenging to detect, even with ad-
vanced modalities such as chromoendoscopy,
narrow band imaging (NBI), and autofluorescence
imaging (AFI) [1–4]. Therefore, new modalities
and methods should be entertained. We focused
on 5-aminolevulinic acid (5-ALA) because it has
attracted increasing interest for photodynamic
diagnosis (PDD) and photodynamic therapy
(PDT) in various types of cancers [5].
5-ALA is a new-generation photosensitive sub-
stance that is an endogenous natural amino acid
produced primarily in mitochondria and a com-
mon precursor of porphyrins. The great advan-
tage of 5-ALA over other photodynamic substan-
ces is its lack of photosensitization. Protoporphyr-
in IX (PpIX), which is synthesized from 5-ALA in

mitochondria of humans, is an intrinsic and a
suitable photosensitizer with few documented
adverse effects. PpIX preferentially accumulates
much more in tumor cells than in normal cells.
When PpIX is excited by irradiation with a specif-
ic wavelength of light, mainly visible blue light, it
emits red fluorescence.
Detecting this red fluorescence can lead to accu-
rate identification of cancer. This is the reason
that 5-ALA is useful in PDD. Oral administration
of 5-ALA is simple, safe and, thus, more accept-
able to patients. Clinical application of 5-ALA in
the fields of brain [5] and urologic tumors [6]
and other neoplastic lesions is progressing. Some
reports revealed that 5-ALA was useful in the de-
tection of Barrett’s cancer [7], gastric cancer,[8]
and high-grade dysplasia in inflammatory bowel
disease [9]. However, its clinical effectiveness in
colorectal tumors, particularly for flat neoplasias,
remains unknown. Thus, we conducted a feasibil-
ity study using endoscopic fluorescence imaging
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Background and study aims: Five-aminolevulinic
acid (5-ALA) is being increasingly used for photo-
dynamic diagnosis and therapy of various types of
tumors including brain, urologic, and other neo-
plasias. The use of 5-ALA to treat Barrett’s carci-
nomas has been documented, but its clinical ef-
fectiveness for diagnosis of gastrointestinal tu-
mors, particularly early cancers, remains un-
known.
Patients and methods: The aim of our feasibility
study was to evaluate the visibility of colorectal
tumors using endoscopic fluorescence imaging
(EFI) after oral administration of 5-ALA. The le-
sions identified by direct visualization and by the
spectrums produced using EFI modality with 5-
ALA were compared to the clinicopathologic fea-
tures of resected specimens.
Results: Twenty-three patients with a total of 27
known colorectal lesions were enrolled in the

study. The median tumor size was 30mm (range
10–75). Eleven of the lesions were flat or depres-
sed lesions and 16 were sessile. Red fluorescence
was observed in 22 out of 27 lesions. Red fluores-
cencewas negative in 4 out of 11 flat or depressed
lesions. In comparison with histopathologic find-
ings, the rates of red fluorescence visibility were
62.5% in low-grade intraepithelial neoplasia,
77.8% in high-grade neoplasia, and 100% in sub-
mucosal carcinoma. Red fluorescence visibility in-
creased with the degree of dysplasia. There were
no significant adverse events identified in this
study.
Conclusions: This feasibility study using EFI with
5-ALA demonstrated high visibility of superficial
colorectal neoplasia. EFI with 5-ALA appears to
be a novel, safe technique for improving real-
time colorectal tumor imaging.



(EFI) with 5-ALA to evaluate its efficacy and safety for imaging of
colorectal tumors.
The aim of this study was to demonstrate the potential for ima-
ging adenomas, flat lesions, and early colorectal cancers using
EFI with oral administration of 5-ALA. We also wanted to investi-
gate the acceptability to patients and safety of this novel tech-
nique.

Patients and methods
!

Patients with known adenoma or early colorectal cancer diag-
nosed endoscopically at previous institutions who were referred
to the National Cancer Center Hospital for endoscopic treatment
or surgery were enrolled from December 2012 to August 2014.
Patients with severe comorbidities and known photosensitivity
were excluded. Those enrolled had varied macroscopic lesions,
including flat and depressed tumors.
This study was approved by the institutional review boards (IRB)
of the hospital. All patients providedwritten and verbal informed
consent to undergo endoscopy and to participate in the study
whose description was presented according to the IRB. Use of 5-
ALA is covered by universal health care in Japan as a diagnostic
drug for malignant glioma, but not for gastrointestinal tumors.
In the IRB, therefore, we applied for use of 5-ALA as an off-label
diagnostic product.

Preparation for this study
Patients took oral 5-ALA (20mg/kg) dissolved in 50mL water
about 4 hours before EFI [9]. They were instructed to avoid direct
sunlight for 48 hours after oral administration. Bowel prepara-
tion was conducted with 2000 to 3000mL of polyethylene glycol
(PEG).

Modality of EFI
A prototype endoscope, XG-0001 with Advancia electronic endo-
scope system (FUJIFILM, Tokyo, Japan), was used [10]. A small fil-
ter, which would shade the blue light (less than 405nm) off the
screen, was placed in the scope in order to visualize red fluores-
cence distinctly. A new system called VLD (Violet Laser Diode)-EX
(SBI pharmaceuticals Co., Ltd, Japan) (●" Fig.1a) exposed the
colorectal tumors to light at a wavelength of 410nm by using a
special probe-type fiber (●" Fig.1b). VLD-EX also displayed a
spectrum of PpIX in real time and calculated the relative intensity
of the fluorescence.
For positive control, when a PpIX reagent was irradiatedwith the
excitation light of this system, red fluorescence was observed
(●" Fig.2a). Red fluorescence was revealed by a characteristic
spectrum of PpIX, which had two primary wavelengths of 636
nm and 705nm. In this study, we focused on the sharp peak at
636nm, which was displayed in VLD-EX (●" Fig.2b). In addition,
an alarmwith detection sound was set off when the fluorescence
intensity at 636nm exceeded the trial threshold. The wavelength
of background noise and autofluorescence was also displayed in
the gray area of●" Fig.2b.

Endoscopic observation and treatment
After inserting XG-0001 with white light and identifying the tar-
get lesion, we washed mucus on the tumor and surrounding mu-
cosa carefully with water containing 1% Pronase MS® (Kaken
Pharmaceutical Co., Ltd, Japan) and then set the special fiber
through the channel of the endoscope.We kept the tip of the spe-

cial fiber at a distance of 1 to 2cm from the lesion and dimmed
the light of the endoscope. When we pressed the START button
of VLD-EX, the lesion was irradiated with the excitation light
from the special fiber.Because the irradiation area was small, we
maneuvered the endoscope to observe the fluorescence imaging
on the lesion. Two endoscopists judged the visibility of red fluor-
escence and validated the spectrum and the alarm from VLD-EX.
When the FREEZE button of the VLD-EX was pressed, the irradia-
tion stopped and the spectrum, which was displayed in the
monitor, was recorded and stored in VLD-EX. As a control, nor-
mal mucosa near the lesion was observed in the same way. Gen-
erally, it took less than 10 minutes to observe fluorescence ima-
ging. EFI and the variable spectrums were also recorded by OPER-
IO system (OLYMPUS, Tokyo, Japan).
Lesions were endoscopically diagnosed as adenoma (low-grade
intraepithelial neoplasia), intramucosal cancer (Tis, high-grade
neoplasia) or slightly invasive submucosal cancer (T1a, submuco-
sal carcinoma) using magnifying endoscopy with NBI and chro-
moendoscopy. Such lesionswere resected by endoscopicmucosal
resection or endoscopic submucosal dissection as appropriate.
For lesions endoscopically diagnosed as deep invasive submuco-

Fig.1 a VLD-EX exposes the colorectal tumors to light using a special
probe-type fiber. b Special probe-type fiber was inserted from the channel
of the endoscope.
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sal cancer (T1b, submucosal carcinoma) or beyond, surgery was
performed on another day.

Histopathological Assessment
The visible red fluorescence and the spectrum produced were
compared with the histopathological features of resected speci-
mens.
All specimens were evaluated after being cut into 2-mm slices
and examined.
Experienced gastrointestinal pathologists assessed macroscopic
type, histologic type, tumor size, depth of invasion, lymphovas-
cular invasion, and resected margins, according to the Japanese
Classification of Colorectal Carcinoma [11] and Paris endoscopy
classification [12].

Evaluation
Visibility of red fluorescence
A positive red fluorescence meant that red fluorescence was ob-
served in tumor (●" Fig.3a, Fluorescence+). Typically the specific
spectrum of PpIX was shown (●" Fig.3b). A negative red fluores-
cence meant lack of red fluorescence in imaging (●" Fig.3c, Fluor-
escence -), which indicated the absence of specific spectrumwith
a peak at 636nm (●" Fig.3d).

Intensity and alarm
Calculated intensity of VLD-EX was a relative value. Baseline in-
tensity was variable due to some accumulation of PpIX in normal
gastrointestinal mucosa, inflammation, and other facts. There-
fore, we used an intensity difference (ID= I636nm– I626nm) to evalu-
ate the spectrum of VLD-EX (●" Fig.3b). Tentatively, the threshold
of ID greater than 5000 was used to signify the specific spectrum
of PpIX from tumors, and the alarmwas set off when the thresh-
old was exceeded. To check the adverse effects, blood tests were
taken on the next day and 2 weeks after administration of 5-ALA.
White blood cell count, hemoglobin, platelet, total bilirubin, as-
partate transaminase, alanine transaminase, creatinine, blood
urea nitrogen, and C-reactive protein were evaluated.

Results
!

Twenty-three patients with 27 colorectal lesionswere enrolled in
this study.
Clinicopathologic features were as follows: male/female =12/11;
median age 68 years (range 52–85); location colon/rectum =
17/10; median tumor size 30mm (range 10–75); macroscopic
type flat or depressed/sessile (with protrusion) =11/16; treat-
ment endoscopy/surgery =21/6 and; low-grade intraepithelial
neoplasia (IEN)/high-grade neoplasia/submucosal carcinoma =
8/9/10.
Red fluorescence was observed in 22 out of 27 lesions (81.5%).
●" Table1 reveals the characteristic of fluorescence, positive or
negative. In 8 out of 22 lesions, red fluorescence was observed
partially or in spots of tumor. According to different macroscopic
types, 4 out of 11 flat or depressed lesions proved negative for red
fluorescence.
In comparison with histopathologic findings (●" Table2), the
rates of red fluorescence visibility were 62.5% in low-grade IEN,
77.8% in high-grade neoplasia, and 100% in submucosal carcino-
ma. Red fluorescence visibility increased with the degree of dys-
plasia. In low-grade IEN and high-grade neoplasia, the positive
rate of red fluorescence was higher in sessile lesions than in flat
or depressed lesions (100% vs. 0% in low-grade IEN and 83.3% vs.
66.6% in high-grade neoplasia).
As a result, the time lags between administration of 5-ALA and
EFI ranged from 3 to 7.5 hours, although there was no relation to
the visibility of red fluorescence. Excluding the two cases in
which the spectrum was not recorded because of mishandling of
VLD-EX, the specific spectrum of PpIX or the spectrum with
sharp peak at 636nm was detected in all positive red fluores-
cence cases. The relative intensity of specific spectrum of PpIX
and ID was variable. Regarding adverse events, 5 out of 23 pa-
tients had vomiting after PEG solution, and 2 patients experi-
enced slight reddening of their skin. None of the exhibited signs
of hepatotoxicity or nephrotoxicity.

Video
●" Video 1 shows a surgery casewith positive fluorescence. A pro-
truded 0-Is+ IIa lesion was located in the sigmoid colon, a tumor
size was 30mm in diameter.We detected red light within the tar-
get area. The specific spectrum was detected by VLD-EX. In con-
trast, red light was not observed in normal mucosa.

Re
la

tiv
e 

In
te

ns
ity

500

a

b
600 700

Wavelength (nm)

705 nm

636 nm

800

60,000

50,000

40,000

30,000

20,000

10,000

0

Fig.2 a PpIX reagent for positive control. b Specific spectrum of PpIX is
displayed in monitor of VLD-EX. Background noise and autofluorescence
are displayed in the grey area. PpIX: Protoporphyrin IX.
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Discussion
!

To the best of our knowledge, this is the first trial to demonstrate
the clinical impact of orally ingested 5-ALA for photodynamic di-
agnosis of early-stage colorectal tumors in humans using real-life
visualization with surgical pathology controls. Other molecular
imaging probes such as heptapeptide [13] and nanospheres [14]
have also been tested as novel imaging techniques for colorectal
tumors. However, 5-ALA has already demonstrated benefits in

both detection and treatment of other neoplasias. For that rea-
son, we considered 5-ALA as our prime subject of interest for
the detection of colorectal tumors. In addition, it has been dem-
onstrated safe for clinical use in other neoplastic scenarios, pro-
viding a rationale reaffirming its use in colorectal tumors.

Table 1 The characteristic of
fluorescence, positive or negative

Fluorescence+

(n=22)

Fluorescence –

(n=5)

Male/female 11/11 5/0

Age, median (range) 68 (52 –85) 70 (59–77)

Location, colon/rectum 12/10 5/0

Macroscopic type, Flat or depressed/sessile 7/15 4/1

Size (mm), median (range) 32.5 (10 –75) 30 (20–60)

Low-grade IEN/high-grade neoplasia/submucosal carcinoma1 5/7/10 3/2/0

IEN; intraepithelial neoplasia
1 Paris endoscopy classification criteria

Table 2 Fluorescence positive
rate according to histopathology
and macroscopic types

Histopathology

Low-grade IEN High-grade neoplasia Submucosal carcinoma

Fluorescence +
Total 81.5% (22 /27) 62.5% (5/8) 77.8% (7/9) 100% (10/10)

Macroscopic type

Flat or depressed* 0% (0/3) 66.6% (2/3) 100% (5/5)

Sessile (with protrusion)1 100% (5/5) 83.3% (5/6) 100% (5/5)

IEN; intraepithelial neoplasia
1 Flat or Depressed: 0-IIa, 0-IIa+ IIc, Sessile (with protrusion): 0-Is, 0-Is+ IIa, 0-Is+ IIc
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Fig.3 a Fluorescence+ b Specific spectrum of PPIX. Intensity Difference (ID): I*636nm- I626nm I*: Relative Intensity c Fluorescence d Non-specific spectrum.
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Red fluorescence visualization
We demonstrated that red fluorescence could be visualized in
most tumors and positively correlated with neoplastic stage. Red
fluorescence visibility using EFI with 5-ALAwas limited in flat or
depressed lesions, given that it resulted in false negative results
in 4 of 11 such cases. Red fluorescence visibility was recorded as
“partially positive” in 8 lesions due to heterogeneity in appear-
ance. In 4 lesions, which were combined flat and protruded, red
fluorescence was identified in only the protruded areas. In the
remaining 4 lesions, the red fluorescence was identified as pat-
chy, lacking homogeneity, and thus not correlating fully with the
clinicopathologic findings.

VLD-EX spectrum analysis
Because visibility of red fluorescence to the naked eye can be sub-
jective, we used VLD-EX to aid the endoscopist’s objective evalu-
ation of the fluorescence because it incorporates a predeter-
mined spectrum and an alarm system. The relative intensity of
the specific spectrum of PpIX varied, however, because of three
factors: (1) background noise with respect to VLD-EX itself; (2)
autofluorescence of normal colonic mucosa and colonic tumor;
and (3) inflammation resulting in accumulation of PpIX and
baseline accumulation of PpIX by healthy colonic mucosa. As a
result, the trial threshold of ID 5000 could not be confirmed in
our sample size. Further examination is required to determine
the threshold ID for the specific spectrum and alarm setting in
the detection of particularly flat, dysplastic lesions such as non-
granular laterally spreading tumor.

5-ALA
Detection of colorectal tumors in humans using HAL (Hexvix®
Photocure, Oslo, Norway), a hexylester of 5-ALA, has been report-
ed previously [15]. HAL may be more efficient at inducing PpIX
formation than 5-ALA itself, but it cannot be ingested orally.
Mayinger et al. reported that administration of HAL by enema in-
duces selective lesion fluorescence and increases the rate of le-
sion detection in patients with colorectal neoplasia, especially
those with flat, nonvisible adenomas [15].

In a previous case series using 5-ALA, Elena et al. reported on the
fluorescence spectrum and the fluorescence intensity of malig-
nant and premalignant colon lesions using their fluorescence
spectroscopy system [16]. However, their study did not provide
information on clinicopathologic details and the significant im-
age of red fluorescence was not revealed in the reports.
The red fluorescence visibility in our study tended to be observed
in submucosal carcinoma and in sessile adenomatous lesions
with protrusion component.
Although the exact mechanisms of 5-ALA-induced PpIX prefer-
ential accumulation in cancer cells remain unclear, cellular prolif-
eration, cell density, mitochondrial content, vascular prolifera-
tion, structural changes, and enzymatic downregulation (e.g. fer-
rochelatase) have been considered as contributing factors. Recent
studies suggest that membrane transport of 5-ALA including the
oligopeptide transporters (PEPT1 and 2) and ATP-binding cas-
sette transporter G2 could be important factors as well [17].
This study was limited in that it was a feasibility study with a
small sample, and because the irradiation area from the special
fiber was small, the modality was still inadequate for detection
of tumors in clinical practice. Improvement in devices is still nec-
essary.
Already, some trials have demonstrated the potential for use of
the technology to detect lymph node metastasis and peritoneal
dissemination of pan-advanced colorectal cancers [18]. There-
fore, 5-ALA fluorescence imaging may have a role in the future
in detection of lymph node metastasis/peritoneal dissemination
or select malignant potential of colorectal cancer.

Conclusion
!

EFI with 5-ALA demonstrated high visibility of superficial colo-
rectal neoplasia. It was interesting that red fluorescence visibility
increased with the degree of dysplasia. EFI with 5-ALA appears to
be a novel, safe technique for improving real-time colorectal tu-
mor imaging, although examination of its use in more cases is
needed.
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Video 1

A positive fluorescence case. We detected red light within the lesion. The
specific spectrum was detected by VLD-EX. Online content including video
sequences viewable at: http://dx.doi.org/10.1055/s-0041-110432
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