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Improvement of colon cancer diagnosis is a very important medical problem. Methods of fluorescence diagnosis (FD) with 5-
aminolevulinic acid (5-ALA) have been used in detection of early cancer on the surface of mucosa. The objective of the study
was to estimate the effectiveness of FD with 5-ALA in the detection of malignant lesions in the colon. From 2008 to 2010 full
examinations have been performed in 78 patients suffering from colon polyps. For the study we used drug Alasens based on 5-
ALA. Fluorescence colonoscopy with Alasens was made using the visual assessment of fluorescence images in combination with
local fluorescence spectroscopy. The results of FD were compared with those of final histopathological study. The application of
the method during colonoscopy allows specifying diagnosis, identifying areas of colon tumors transformation, and also showing a
place for targeted biopsy. Sensitivity and specificity of FD with Alasens were 94.9% and 62.5%, respectively.The application of local
fluorescence spectroscopy as a step of the combined approach allows increasing the specificity of fluorescence colonoscopy from
62.5% up to 93.7%.

1. Introduction

The accurate and early diagnosis of colon cancer provides
the success of surgical and combined modality treatment,
allows increasing the rate of good outcomes, extends the life
expectancy, and improves the quality of life in cancer patients.
Therefore, improvement of colon cancer diagnosis is a very
important medical problem.

The colorectal cancer is known to arise from adenoma-
tous polyp; thus early endoscopic diagnosis and treatment of
such tumors are an effective method of colon cancer preven-
tion [1]. According to literature data, adenomatous polyps are
the origin of malignant tumors in 4–10% of cases, and true
colon neoplasms are of a great concern. The main difficulties
for diagnosis of early cancer developed from colon adenomas
include the lack of specific presentation and pathognomonic
features obtained by the instrumental examination and
possible missing of colon adenomas, particularly flat and

depressed adenomas [2]. Diagnostic possibilities of routine
colonoscopy to identify such pathology are limited as there
are no reliable visual criteria for neoplastic transformation
of adenomas, and verification of endoscopic diagnosis based
only on biopsy using forceps is successful only in 30–50% of
cases [3].

Advanced endoscopic instruments may therefore
decrease the miss rate of adenomas and optimize the
potential for colorectal cancer prevention. One of these novel
technologies is autofluorescence imaging (AFI), which can
capture fluorescence (500–630 nm) emitted from intestinal
or other tissues. The Japanese group of authors [4] showed
that AFI increased the detection rate and reduced the miss
rate of colorectal adenoma, particularly flat and depressed
adenomas. However, this advantage of AFI was limited to the
less-experienced endoscopists. The review of the available
literature on the use of AFI for the diagnosis of colorectal
neoplasms [5] also showed that the utility of AFI for “optical
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diagnosis” is limited. This may be due to the low resolution
of current AFI video-endoscopy systems or to the subjective
nature of interpreting color density of the images.

Therefore development of new methods for early diag-
nosis of colon polyp cancer transformation is necessary.
One of such methods is fluorescence diagnosis (FD) with 5-
aminolevulinic acid (5-ALA).

Tumor cells are known to accumulate increased levels
of photoactive protoporphyrin IX (PpIX) in presence of
exogenous 5-ALA.This can be explained by a greater enzymes
activity in the initial stages of heme synthesis and by lack of
ferrochelatase, an enzyme turning PpIX into photoinactive
heme [6]. This form of heme cannot be detected by fluores-
cence. Ferrochelatase activity is decreased in tumor cells due
to limited iron availability and is considered to be the main
cause of selective fluorescence of PpIX in tumor by many
authors [7, 8].

5-ALA is used both for local and systemic application.
Increased fluorescence of 5-ALA-induced PpIX in tumor
compared with normal tissue allows identifying the areas
of high PpIX accumulation, detecting occult precancer and
early cancer foci, and outlining localization of different
tumors. Sensitivity and specificity of the method according
to different authors are ranging from 43% to 100% and from
51% to 96%, respectively, depending on the tumor localization
[9–16].

In the study of Bulgarian group of authors [17] exogenous
fluorescence spectroscopy of esophageal and stomach tumors
in vivo after oral application of 5-ALA six hours before
spectroscopic measurements and video visualization of the
patients using excitation at 405 nm was described. For rectal
cancer there are also studies with other agents. For example,
in the pilot study of German authors hexaminolevulinate-
based fluorescence endoscopy was shown to be useful for
detection of premalignant lesions. The study included ten
patients with known rectal adenoma or cancer.

Thus, we decided to estimate the effectiveness of fluores-
cence diagnosis with 5-ALA in the detection of malignant
lesions in the colon.

2. Materials and Methods

From 2008 to 2010 full examinations have been performed
in 78 patients suffering from colon polyps. Twenty-seven
(35%) patients were men and 51 (65%) were women. The
age of patients was from 52 to 80 years. The mean age was
64.0±8.3 years.The plan of full examination included clinical
and biochemical blood analysis, clinical urine analysis, blood
tests for syphilis, hepatitis B virus antigen, human immunod-
eficiency virus, electrocardiography, abdominal ultrasound,
colonoscopy with biopsy using forceps, and FD. At the end of
the examination, an endoscopic polypectomywas performed.
The excised specimens were submitted to histopathological
study.

For FD we used the photosensitizer Alasens (Research
Institute of Organic Semi-Finished Products and Dyes,
Moscow, Russia) given per os in the form of aqueous solution

at a dose of 20–30mg/kg body weight 3 h before fluorescence
colonoscopy.

FD included colon examination in fluorescent mode.
After endoscopic excision, polyps were reexamined in flu-
orescent mode and local fluorescence spectroscopy of the
polyp’s surface was performed in all cases.

For imaging under blue light excitation we used equip-
ment produced by companies “Karl Storz” (Tuttlingen, Ger-
many), “Olympus” (Japan). Video-assisted fluorescent light-
emitting diode device UFF-630/675-01 produced by com-
pany “BIOSPEK” (Moscow, Russia) was used during the
endoscopy. Laser electron-spectrum analyzer for FD (LESA-
01) by “BIOSPEK” (Moscow, Russia) with a wavelength of
laser source at 632.8 nm and recoding spectrum of fluores-
cence in the range from 635 up to 800 nmwas used to register
local fluorescence spectrum.

During local fluorescence spectroscopy 5–65 spectra
were recorded in every patient. From 5 to 65 spectra were
registered and recorded for each patient during the local
fluorescence spectroscopy; 2615 spectra of fluorescence were
registered and analyzed. The values of diagnostic parameter
(DP) were calculated and recorded in all cases. The values
of DP were taken from several parts of the neoplasm under
visual detection of fluorescence; after that the average value
was calculated for each tumor. The fluorescence intensity
of polyp tissues was estimated by DP, which was calculated
automatically by a special program as a ratio of the peak
area of PpIX (690–720 nm) to the area of the reflected
laser light (620–640 nm) and represented indirectly evidence
of the Alasens-induced PpIX accumulation in the tissues.
Fluorescence spectra of Alasens-induced PpIX in the intact
colon mucosa were recorded with the determination of the
fluorescent contrast of neoplastic/normal mucosa.

Malignant and premalignant (dysplasia) lesions with
no fluorescence were defined as false-negative and benign
tumors with fluorescence were defined as false-positive.
Malignant and premalignant lesions with fluorescence were
defined as positive and benign lesions without fluorescence
were defined as negative.

3. Results and Discussion

3.1. Morphologic and Histopathological Findings. According
to results of endoscopy 86% of all polyps were located
in the lower parts of the left colon (rectum, rectosigmoid
part, and sigmoid colon) and 14% were located above this
level (descending colon, transverse colon, ascending colon,
and caecum). One tumor was removed in 71 patients, two
tumors in 5 patients, and 3 tumors in 2 patients. Totally,
87 tumors were diagnosed in 78 patients. According to
the final histopathological study hyperplastic polyps were
diagnosed in 9 (10.3%) cases, benign adenomas in 39 (44.8%),
adenomas with different grades of dysplasia in 23 (26.4%),
and malignant adenomas in 16 (18.5%) of the cases (Table 1).

3.2. Fluorescence Diagnosis. In 55 (63.2%) of 87 cases fluores-
cence of different intensity (from pale pink to bright red) was
registered on the surface of the tumors and in 32 (36.8%) cases
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Table 1: Distribution of tumors depending on the results of visual fluorescence detection (FD) and final histopathological findings.

Histopathological findings Results of visual FD Total
F− F+

Benign tumors
HP — 9 9
TA 18 2 20
TVA 4 3 7
VA 8 4 12
Total 30 (62.5%) 18 (37.5%) 48 (100.0%)

Adenomas with dysplasia I–III
TA dII — 5 5
TA dIII — 6 6
TVA dI — 3 3
TVA dII — 6 6
TVA dIII — 3 3
Total — 23 (100.0%) 23 (100.0%)

Malignant adenomas
HG AC 1 7 8
MG AC 1 7 8
Total 2 (12.5%) 14 (87.5%) 16 (100.0%)

Total 32 (36.8%) 55 (63.2%) 87 (100.0%)
Note: F−: fluorescence was not detected; F+: fluorescence was registered; HP: hyperplastic polyp; TA: tubular adenoma; TA dII: tubular adenoma with grade
II dysplasia; TA dIII: tubular adenoma with grade III dysplasia; TVA: tubular-villous adenoma; TVA dI: tubular-villous adenoma with grade I dysplasia; TVA
dII: tubular-villous adenoma with grade II dysplasia; TVA dIII: tubular-villous adenoma with grade III dysplasia; VA: villous adenoma; HG AC: high-grade
differentiated adenocarcinoma; MG AC: medium-grade differentiated adenocarcinoma.

had no fluorescence. Fluorescencewas registered in 18 (37.5%)
of benign tumors, in 23 (100%) of adenomas with dysplasia,
and in 14 (87.5%) ofmalignant adenomas. In 18 benign lesions
with false-positive fluorescence 9 had inflammation origin
and 12 were characterized by high proliferative activity. We
suggested that 100% fluorescence in adenomas with dysplasia
compared with benign tumors could be explained by high
proliferative activity due to precancer process leading to
malignant transformation [18].

The sensitivity of visual detection of fluorescence was
94.9% and the specificity 62.5%.

The results of visual fluorescence detection in comparison
with the results of routine histopathological investigation are
shown in Table 1.

The spectra were registered in all areas of visual fluores-
cence.The values of DPwere compared with the results of the
routine morphological investigation. Distribution of tumors
depending on the diagnostic parameter and the results of the
final morphological investigation are presented in Table 2.

The level of Alasens-induced PpIX fluorescence on the
surface of intact colon mucosa accounted for 0.20 to 0.86
arbitrary units (a.u.) (average, 0.56 ± 0.25 a.u.).

The DP ranged from 0.02 to 1.27 a.u. in 93.7% of benign
tumors (average, 0.72 ± 0.43 a.u.). The average value of
tumor/normal mucosa fluorescence contrast was 1.32 ±
0.79 a.u. in the group of benign tumors. In three cases (6.3%)
the DP was 16.20, 17.80, and 26.84 a.u.; these values were
defined as false-positive. All false-positive values were in
patients with hyperplastic polyps.

Table 2: Distribution of tumors depending on the diagnostic
parameter (DP) and final histopathological findings.

Histopathological
findings

Value of DP (a.u.) Total
0-1 1-2 2-3 3-4 >4

HP 6 3 9
TA 7 13 20
TVA 3 4 7
VA 6 6 12
TA dII 5 5
TA dIII 1 5 6
TVA dI 1 2 3
TVA dII 6 6
TVA dIII 1 2 3
HG AC 1 — 2 5 8
MG AC 1 2 5 8
Total 17 34 19 4 13 87
Note: HP: hyperplastic polyp; TA: tubular adenoma; TA dII: tubular
adenoma with grade II dysplasia; TA dIII: tubular adenoma with grade III
dysplasia; TVA: tubular-villous adenoma; TVA dI: tubular-villous adenoma
with grade I dysplasia; TVA dII: tubular-villous adenoma with II dysplasia;
TVA dIII: tubular-villous adenoma with grade III dysplasia; VA: villous
adenoma; HG AC: high-grade differentiated adenocarcinoma; MG AC:
medium-grade differentiated adenocarcinoma.

In the group of tumors with different degrees of dysplasia,
DP values ranged from 0.76 to 2.73 (average, 1.83±0.70 a.u.).
The average value of fluorescence contrast tumor/normal in
this group was 3.33 ± 1.26 a.u.
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In a group of patients withmalignant colon adenomas the
DP ranged from 3.1 to 20.8 (average, 7.32±6.70 a.u.) in 87.5%
of cases. The average value of fluorescence contrast in this
group was 13.32 ± 12.17 a.u. In two cases (12.5%) the DP was
1.49 and 2.70 a.u.; these values were defined as false-negative.

For a threshold level set at 3 a.u., the sensitivity of the
method of the local fluorescence spectroscopy was 84.6% and
the specificity 93.7%.

Thus, the study showed that sensitivity and specificity of
fluorescence diagnosis with visual evaluation of fluorescence
with Alasens were 94.9% and 62.5%, respectively. For exam-
ple, Messmann et al. showed sensitivity and specificity to be
43% and 73% [18]. Complementation of this method by local
fluorescence spectroscopy allows increasing the specificity up
to 93.7%. The values of DP for normal mucosa were 0.56 ±
0.25, pre-cancer (dysplastic tissue)—1.83 ± 0.7, and cancer—
7.32 ± 6.7.These differences were significant (Mann-Whitney
U-test) between normal mucosa and cancer (𝑃 = .018) and
normalmucosa andprecancer (I–III grades of dysplasia) (𝑃 =
.043). Thus, combined method of fluorescence diagnosis is
a highly informative method for detecting malignant trans-
formation in colon adenomas. Visual fluorescence diagnosis
allows detecting fluorescence area on surface of colon polyps
that is indicative for increased proliferation or transformation
in benign lesions; these areas are difficult to be found for
routine colonoscopy without using fluorescence diagnosis.
According to results of study colon lesions with fluorescence
should be excised with further histopathological verification.

4. Conclusions

FD with 5-ALA is an effective method of colon cancer
detection.The application of the method during colonoscopy
allows specifying diagnosis, identifying areas of colon tumors
transformation, and also showing a place for targeted biopsy.
The local fluorescence spectroscopy as a highly informa-
tive diagnostic method increased specificity of fluorescence
colonoscopy with 5-ALA from 62.5% to 93.7%.
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