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Abstract
Background  In general, urine cytology is often problematic because of its low sensitivity, especially for low-grade urothelial 
carcinoma (UC) in clinical practice. To improve the sensitivity, we focused on 5-aminolevulinic acid (5-ALA), because recent 
studies suggested that 5-ALA-induced urine cytology can be used for photodynamic diagnosis. In this study, we evaluated 
the diagnostic efficacy of 5-ALA-induced fluorescent urine cytology for UC.
Methods  We included in this study 318 patients comprising 158 non-cancer patients, 84 bladder tumor patients, and 76 
upper urinary tract urothelial carcinoma (UUT-UC) patients treated in our institution from March 2013 to September 2018. 
Using the same voided urine sample, we compared sensitivity and specificity between conventional urine cytology and 
5-ALA-induced fluorescent urine cytology.
Results  Overall, the sensitivity of 5-ALA-induced fluorescent urine cytology was significantly higher than that of conven-
tional urine cytology (86.9% vs. 69.4%; p = 0.0002), and the specificity was equivalently high (96.2% vs. 95.6%; p = 1.0). 
In subgroup analysis, the high sensitivity of 5-ALA-induced fluorescent urine cytology was also detected regardless of age, 
sex, and tumor type. However, in terms of stage and grade, differences were only detected in patients with less than pTa 
stage (89.2% vs. 52.1%; p = 0.0001) and low-grade tumor (91.5% vs. 51.1%; p < 0.0001).
Conclusions  5-ALA-induced fluorescent urine cytology was significantly more effective for UC diagnosis when compared 
with the conventional cytology, especially in patients with low-stage and low-grade tumors. These findings indicate that 
5-ALA-induced fluorescent urine cytology may potentially be a very useful tool for clinical use.
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Introduction

In general, a bladder tumor (BT) is diagnosed and followed 
up by cystoscopy and cytology of voided urine in clinical 
practice. Cystoscopy is a relatively invasive but highly sensi-
tive and essential examination for BT detection. However, 

flat lesions, such as carcinoma in situ, and tiny tumors are 
difficult to detect visually. In 2006, the European Associa-
tion of Urology approved the use of 5-aminolevulinic acid 
(5-ALA) for photodynamic diagnosis (PDD) to identify BT 
by cystoscopy more precisely. 5-ALA is a precursor in heme 
biosynthesis, and protoporphyrin IX, which is a metabolic 
product of 5-ALA, accumulates in mitochondria following 
its administration to the cell [1]. It accumulates more in 
tumor cells than in healthy cells due to varied causes such 
as the decreasing ferrochelatase activity of tumor cells [2]. 
Protoporphyrin IX emits red fluorescence when excited with 
blue light at a wavelength of 405 nm, has a peak at a wave-
length of 635 nm, and is used to specifically visualize cancer 
cells [3]. The sensitivity of PDD with oral 5-ALA for tran-
surethral resection of bladder tumor (TURBT) is higher than 
that of the conventional white light endoscopic diagnosis [4], 
but cystoscopy with 5-ALA has a higher false-positive rate 
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than white light cystoscopy [5]. In contrast, urine cytology 
is a non-invasive examination, but its sensitivity is as low 
as 60–70%. Especially, low-grade BTs have a sensitivity as 
low as 45% for urine cytology [6]. Recently, one study of 
fluorescent urine cytology staining with 5-ALA using voided 
urine reported that the sensitivity of this method was good at 
82% [7]. However, this study included only a small number 
of patients with BT (n = 61).

Upper urinary tract urothelial carcinoma (UUT-UC) is 
a relatively uncommon disease accounting for only about 
5% of urothelial cancers [8]. The standard diagnosis of 
UUT-UC includes the assessment of computed tomography 
urography (CTU) and voided urine cytology. CTU is use-
ful for detecting and staging UUT-UC, because its sensitiv-
ity for UUT-UC is 82.6% and specificity is 94.8% [9, 10]. 
However, we are often annoyed by the clinical problem of 
whether the tumor is a malignant tumor or a benign tumor 
when CTU shows a tumor, but urine cytology is negative. In 
this situation, further invasive examination is required, such 
as selective upper tract urinary cytology and ureteroscopic 
biopsy. However, selective upper tract urinary cytology also 
has low sensitivity of 53.1% [11], and ureteroscopic biopsy 
is reported to increase the recurrence of intravesical tumors 
[12]. Clinically, therefore, improvement in the sensitivity of 
urine cytology for diagnosis is strongly required. To improve 
the sensitivity, we focused on 5-ALA. In terms of UUT-
UC, there are no reports of 5-ALA-induced fluorescent urine 
cytology to our knowledge.

In this study, therefore, we evaluated the efficacy of 
5-ALA-induced fluorescent urine cytology in both BT and 
UUT-UC.

Patients and methods

Patients

This study comprised 160 UC patients, 84 patients with BT 
and 76 with UUT-UC, who underwent TURBT and nephro-
ureterectomy and were confirmed pathologically to have UC 
between March 2013 and September 2018 in Osaka Rosai 
Hospital, and 158 non-tumor patients who did not have a 
cancer history and were hospitalized due to benign prostatic 
hyperplasia (BPH), urinary stone, urinary tract infection 
(UTI), pelviureteric junction (PUJ) stenosis, radiological 
cystitis, and scrotal swelling. Tumors were staged accord-
ing to the AJCC TNM staging system (2010) and graded 
according to the WHO Classification (2004). This study was 
performed in accordance with the ethical principles of the 
2013 Declaration of Helsinki and was approved by the eth-
ics committee of Osaka Rosai Hospital (approval number 
30-71).

Collection of urine samples and treatment 
with 5‑ALA

All samples were collected on the day before surgery or 
any other invasive urological examinations from > 150 mL 
of voided urine, and the following procedures were per-
formed within 1 h for pathological examination. First, we 
separated these samples for the conventional cytology and 
ALA-induced fluorescent cytology. We centrifuged the urine 
samples for ALA-induced fluorescent cytology at 1500 rpm 
for 5 min and decanted the supernatant. The pellets were 
suspended in Minimum Essential Medium (MEM) with 
5-aminolevulinic acid hydrochloride (Wako Pure Chemi-
cal Industries, Osaka, Japan), and the concentration was 
adjusted 200 μg/mL. Then, the suspension was stored in the 
dark at 37 °C for 2 h. After that, the samples were centri-
fuged again at 1500 rpm for 5 min, and the pellet was resus-
pended in MEM. Finally, these urine samples were tested for 
protoporphyrin IX fluorescence using a spectrophotometer 
(Nikon ECLIPSE Ni; Nikon Corporation, Tokyo, Japan) at 
appropriate settings (excitation wavelength of 405 nm and 
emissions wavelength of 600–650 nm) (Fig. 1).

Evaluation of conventional cytology 
and 5‑ALA‑induced fluorescent cytology

Conventional cytology and 5-ALA-induced fluorescent 
cytology were evaluated by the same examiner using the 
same urine sample. In the conventional urine cytology, 
negative and suspicious cytology such as class 1, 2, and 
3 were evaluated as negative, and positive cytology such 
as class 4 and 5 were regarded as malignant. We classi-
fied 5-ALA-induced fluorescent cytology showing no red 
light or dark red as negative and that showing clear red as 
positive (Fig. 2). The final judgment was confirmed by two 
pathologists.

Statistical analysis

Data were compared using the Wilcoxon test or Chi square 
test. Differences were considered statistically significant 
when p < 0.05. Statistical analyses were performed using 
JMP14 (SAS Institute Inc., Cary, NC, USA).

Results

Table 1 shows the patients’ clinicopathological character-
istics. The group with UC was older (median age 75 years 
old) than the non-cancer group (median age 72 years old) 
(p < 0.01). The UC group included 84 patients with BT 
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and 76 with UUT-UC. The non-cancer group included 117 
patients with BPH, 18 with urinary stones, 17 with UTI, 3 
with PUJ stenosis, 2 with radiological cystitis, and 1 with 
scrotal swelling. In the cancer group, 110 patients had cancer 
of pT1 or less (48, 28, and 34 patients with pTa, pTis, and 
pT1, respectively), 50 had cancer of pT2 or more, 47 had a 
low-grade tumor, and 113 had a high-grade tumor.

The sensitivity and specificity of conventional cytology 
and 5-ALA-induced fluorescent cytology in all specimens 
are presented in Table 2. The sensitivity (86.9% vs. 69.4%, 

Fig. 1   The protocol of 5-ALA-
based fluorescent detection 
assay. MEM minimum essential 
media, ALA aminolevulinic acid

Fig. 2   5-ALA-induced fluorescent cytology. a Clear red, b dark red, 
and c no red

Table 1   Patients’ characteristics

BT bladder tumor, UUT​-UC upper urinary tract urothelial carcinoma, 
BPH benign prostatic hyperplasia

Characteristic Urothelial carci-
noma (n = 160)

Non-cancer (n = 158) p value

Age (years) 75 (50–90) 72 (27–90) 0.0001
Sex (M:F) 130:30 126:32 0.78
Diagnosis
 BT 84 –
 UUT-UC 76
 BPH 117
 Urinary stone 18
 Infection 17
 Other 6

pT stage
 pTa 48 – –
 pTis 28
 pT1 34
 ≥ pT2 50

Tumor grade
 Low grade 47 – –
 High grade 113
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p = 0.0002) and negative predictive value (87.9% vs. 75.5%, 
p = 0.0023) were significantly higher for 5-ALA-induced 
fluorescent cytology versus that for conventional cytology, 
with a similar trend shown in both BT and UUT-UC, respec-
tively. However, the specificity (96.2% vs. 95.6%, p = 1.0) 
and positive predictive value (95.9% vs. 94.1%, p = 0.57) 
were equivalently high between 5-ALA-induced fluorescent 
cytology and conventional cytology. In conventional cytol-
ogy, false positives were found in seven patients: three with 
BPH, three with UTI, and one with radiation cystitis. In 
5-ALA-induced fluorescent cytology, false positives were 
found in six patients: two with BPH, two with UTI, and two 
with urinary stones. In cases judged as false positive by the 
conventional cytology or 5-ALA-induced fluorescent cytol-
ogy, transurethral bladder random biopsy, selective upper 
tract urine cytology, and contrast-enhanced CT were per-
formed to examine the urinary tract tumor. There were no 
findings to indicate UC either by additional imaging or path-
ological examinations, and in the subsequent follow-up of 
all patients, urine cytology was reexamined every 3 months 
for over 1 year and confirmed to be negative. These results 
suggested that ALA-induced fluorescent cytology may be a 
superior tool to conventional cytology in clinical practice.

Table 3 shows the sensitivity of conventional cytology 
and 5-ALA-induced fluorescent cytology for UC by sub-
group analysis. The 5-ALA-induced fluorescent cytology 
tended to be more sensitive than conventional cytology 
regardless of patient age (classified by the median age of 
75 years old) and sex. However, the sensitivity of 5-ALA-
induced fluorescent cytology was significantly better than 
that of conventional cytology and in tumors of pTa stage 
(89.6% vs. 52.1%, p = 0.0001) and in low-grade tumors 
(91.5% vs. 51.1%, p < 0.0001). For tumors of more than pT2 

stage (82.0% vs. 74.0%, p = 0.47) and high-grade tumors 
(85.0% vs. 77.0%, p = 0.17), however, the sensitivity of 
5-ALA-induced fluorescent cytology and conventional cytol-
ogy were equal. These results indicated that even in tumors 
of pTa stage and in low-grade tumors, where sensitivity is 
low in conventional cytology, 5-ALA-induced fluorescent 
cytology can maintain high sensitivity as in tumors of more 
than pT2 stage and high-grade tumors.

Discussion

The sensitivity of voided urine cytology in BT and UUT-
UC is low (55% and 53%, respectively) [11, 13]. Especially, 
conventional cytology is limited by its low sensitivity for 
low-grade tumors because of the weakness of nuclear atypia, 
nuclear enlargement, and hyperchromasia. In addition, urine 
cytology is affected by inflammation or urinary calculi. 
Therefore, it is difficult to distinguish metamorphic urine 
cells, which are not malignant, from UC with low nuclear 
heterozygosity. We, thus, require a more accurate examina-
tion for detecting UC.

The feasibility of diagnosing BT with 5-ALA was first 
reported in 1994 [14]. Currently, 5-ALA is approved as a 
photosensitizer of PDD for carcinoma around the world. For 
example, ALA as an optical imaging medicine was approved 
to enhance intraoperative detection of malignant glioma and 
also to detect bladder cancer [15]. 5-ALA is a precursor in 
heme biosynthesis: protoporphyrin IX, a metabolic prod-
uct of 5-ALA, accumulates in mitochondria following its 
administration to the cell [1], and protoporphyrin IX accu-
mulates more in tumor cells than in healthy cells because 
of the decreased ferrochelatase activity of tumor cells [2]. 
How 5-ALA induces the accumulation of protoporphyrin 
IX in tumor cells has not been completely identified, but 

Table 2   Sensitivity, specificity, PPV, and NPV of conventional cytol-
ogy and 5-ALA-induced fluorescent cytology in BT and UUT-UC

PPV positive predictive value, NPV negative predictive value, ALA 
aminolevulinic acid, BT bladder tumor, UUT​-UC upper urinary tract 
urothelial carcinoma

Variables Cancer type Conventional 5-ALA p value

Sensitivity All UC 69.4% (111/160) 86.9% (139/160) 0.0002
BT 67.9% (57/84) 83.3% (70/84) 0.030
UUT-UC 71.1% (54/76) 90.8% (69/76) 0.0033

Specificity All UC 95.6% (151/158) 96.2% (152/158) 1.0
BT 95.6% (151/158) 96.2% (152/158) 1.0
UUT-UC 95.6% (151/158) 96.2% (152/158) 1.0

PPV All UC 94.1% (111/118) 95.9% (139/145) 0.57
BT 89.1% (57/64) 92.1% (70/76) 0.57
UUT-UC 88.5% (54/61) 92.0% (69/75) 0.56

NPV All UC 75.5% (151/200) 87.9% (152/173) 0.0023
BT 84.8% (151/178) 91.6% (152/166) 0.067
UUT-UC 87.3% (151/173) 95.6% (152/159) 0.010

Table 3   Sensitivity of UC for conventional cytology and 5-ALA-
induced fluorescent cytology in the subgroup analysis

UC urothelial carcinoma, ALA aminolevulinic acid

Variables Conventional 5-ALA p value

≤ 75 years 70.4% (57/81) 85.2% (69/81) 0.04
> 75 years 68.4% (54/79) 88.6% (70/79) 0.01
Male 70.0% (91/130) 86.2% (112/130) 0.01
Female 66.7% (20/30) 90.0% (27/30) 0.06
≤ pT1 67.3% (74/110) 89.1% (98/110) 0.0001
pTa 52.1% (25/48) 89.6% (43/48) 0.0001
pTis 78.6% (22/28) 85.7% (24/28) 0.73
pT1 79.4% (27/34) 91.2% (31/34) 0.30
≥ pT2 74.0% (37/50) 82.0% (41/50) 0.47
Low grade 51.1% (24/47) 91.5% (43/47) < 0.0001
High grade 77.0% (87/113) 85.0% (96/113) 0.17
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it was recently reported that peptide transporter 1 (PEPT-
T1) and ATP-binding cassette transporter (ABCG2) play 
pivotal roles in porphyrin accumulation. Bladder cancer 
showed a high level of PEPT-T1 and a low level of ABCG2, 
and this dysregulation resulted in greater accumulation of 
protoporphyrin IX in cancer cells than in normal cells [16]. 
Because tumor selectivity of protoporphyrin IX is increased 
9–16-fold in urothelial cells [17], UC is a good use for PDD 
enhanced by 5-ALA.

A recent report on 5-ALA staining of urine specimens in 
an extracorporeal exposure showed PDD sensitivity to be 
effective compared with conventional cytology in BT (82% 
vs. 49%, respectively), particularly in low-grade and low-
stage tumors, and to have comparable specificity (80% vs. 
100%, respectively) [7]. However, that paper studied a small 
number of patients (61 with BT only), and there were some 
limitations in that conventional cytology for low-grade BT 
had very low sensitivity (18%), and the details of the non-
cancer group were not described. The present study included 
more patients (n = 318) as well as patients with UUT-UC. 
Our results indicated that the sensitivity of 5-ALA-induced 
fluorescent cytology was significantly higher than that of 
conventional cytology for BT and UUT-UC, especially for 
tumors of pTa stage and low-grade tumors, as did the previ-
ous study for BT. We speculated that this difference was 
caused by the diagnostic method used. In conventional urine 
cytology, diagnosis is by nuclear heteromorphism, and there-
fore, it is difficult to distinguish UC with low nuclear grade 
from degenerative urothelial cells. However, in 5-ALA-
induced fluorescent urine cytology, diagnosis is based on the 
difference in metabolism of mitochondria between normal 
cells and cancer cells.

In this way, 5-ALA-induced fluorescent cytology shows 
very high sensitivity even in low-grade and low-stage 
tumors. These findings suggest that it might be possible 
to follow up using only 5-ALA-induced fluorescent cytol-
ogy without cystoscopy in low- and intermediate-risk BT. 
Moreover, for the UUT-UC diagnosis, it is possible that 
additional invasive selective upper tract urine cytology 
examinations and ureteroscopic biopsies can be reduced by 
5-ALA-induced fluorescent cytology.

Some reports indicated that the false-positive findings 
of 5-ALA can be induced by several factors such as infec-
tion, inflammation, hyperplasia, and inexperience with the 
use of PDD [3, 18]. There were only six cases of false 
positives by 5-ALA-induced fluorescent cytology in the 
present study, probably because of inflammation associ-
ated with infection and calculi. However, there were 21 
false-negative cases. There are two possible reasons for 
this, the first being the lack of cellular components in the 
voided urine specimen, and the second being that uri-
nary cellular components including the cancer cells died 
out over the passage of time from sample collection to 

pathological examination. In this case, these cancer cells 
can substantially lose their mitochondrial metabolic activ-
ity, and thus, 5-ALA cannot be metabolized. To prevent 
the death of these cancer cells in the present study, we 
treated the extracorporeal 5-ALA culture within 1 h of 
collecting the urine samples.

The present study showed a significant difference 
between 5-ALA-induced fluorescent urine cytology and 
conventional urine cytology only in low-grade UC. Not 
statistically difference but a tendency toward good sensi-
tivity in high-grade UC was observed by 5-ALA-induced 
fluorescent cytology, probably because of the small sample 
size. By further increasing the number of UC samples, the 
effectiveness of 5-ALA-induced fluorescent urine cytology 
in high-grade UC as compared with conventional urine 
cytology might be clarified statistically.

Several urinary biomarkers other than 5-ALA-induced 
fluorescent cytology have been reported (Table 4). The 
respective sensitivity and specificity of these markers 
range from 53–89 to 53–89% for the bladder tumor-asso-
ciated antigen (BTA) test, 32–92% and 51–94% for the 
nuclear matrix protein (NMP) 22 test, and 50–71% and 
66–72% for the UroVysion test [19–22]. The time taken for 
the examination of one urine specimen is about 180 min 
for BTA, 300 min for NMP 22, 4–8 days for UroVysion, 
and 150 min for 5-ALA-induced fluorescent cytology. In 
addition, the cost of one test is €38 for both NMP 22 and 
BTA, €310 for UroVysion, and €0.7 for ALA-induced flu-
orescent cytology. As described above, 5-ALA-induced 
fluorescent cytology showed high sensitivities within a 
short period of time and at much lower cost compared with 
these other urinary biomarkers.

There are some limitations in this study. Our study is 
a retrospective study of patients from a single institution, 
and thus, the present results need to be validated in other 
cohorts to definitively identify the high diagnostic efficacy 
of 5-ALA-induced fluorescent urine cytology for UC.

Table 4   Sensitivity, specificity, inspection time, and cost of urinary 
biomarkers of conventional cytology, BTA, NMP22, UroVysion, and 
5-ALA-induced fluorescent cytology

BTA bladder tumor-associated antigen, NMP nuclear matrix protein, 
ALA aminolevulinic acid

Variables Conven-
tional

BTA NMP22 UroVysion 5-ALA

Sensitivity 40–60% 53–89% 32–92% 50–71% 74–86%
Specificity 90–100% 53–89% 51–94% 66–72% 70–100%
Inspection 

time
30 min 180 min 300 min 4–8 days 150 min

Cost €0.1 €38 €38 €310 €0.7
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Conclusions

The present study showed that 5-ALA-induced fluorescent 
cytology has high sensitivity compared to the conventional 
cytology for UC diagnosis, especially in patients with low-
stage and low-grade tumors. Furthermore, it takes a rela-
tively shorter time than other tests and is very low in cost. 
These findings indicate that 5-ALA-induced fluorescent 
urine cytology may potentially be a very useful tool in clini-
cal practice.
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