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Abstract
Background/Aim: Urine cytology is widely used for diagnosing urothelial carcinoma. However, it has limited sensitivity, 
particularly in upper tract urothelial carcinoma. The UF-5000 automated urine analyzer includes the research 
parameter Atyp.C, which quantifies cells with a high nuclear-to-cytoplasmic ratio. Although it has been utilized in 
bladder cancer, its application has not been evaluated in upper tract urothelial carcinoma. This study compared the 
diagnostic performance of urine cytology versus Atyp.C and assessed the advantage of combining them.
Patients and Methods: This retrospective study included 41 patients with pathologically confirmed upper tract 
urothelial carcinoma without concomitant bladder cancer, as confirmed via cystoscopy. The sensitivities of urine 
cytology (Class ≥III), Atyp.C (≥0.1), and their combined use were compared.
Results: Positive findings on urine cytology were detected in 11/41 patients (26.8%) and Atyp.C was observed in 9/41 
(22.0%). When either test yielded a positive result, the detection rate increased to 17/41 (41.5%). A paired comparison 
using McNemar’s test demonstrated that the combined cytology-Atyp.C approach detected significantly more upper 
tract urothelial carcinoma cases than urine cytology alone (6 vs. 0 discordant pairs, p=0.041).
Conclusion: The sensitivity of Atyp.C was similar to that of urine cytology. Some patients without hydronephrosis 
presented with Atyp.C positivity. However, this finding may be overlooked in routine clinical practice. Although its 
performance is lower than that reported in bladder cancer, Atyp.C is non-invasive and does not require additional 
procedures. Hence, it can be clinically useful for upper tract urothelial carcinoma diagnosis. Nevertheless, to validate 
this notion, prospective studies should be conducted.
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Introduction

Upper tract urothelial carcinoma (UTUC) accounts for 
approximately 5%-10% of all urothelial carcinomas (1), and 
approximately 60% of cases are muscle-invasive at diagnosis 
(2). The diagnostic workup for suspected UTUC is primarily 
based on a combination of computed tomography urography 
(CTU), urine cytology, and ureteroscopic biopsy. CTU is the 
imaging standard, offering high sensitivity for papillary or 
mass-forming lesions (3-4). Meanwhile, urine cytology 
demonstrates high specificity when used as a non-invasive 
adjunct (5). Ureteroscopy enables the direct visualization 
and histological confirmation of lesions (6).

Despite these advantages, each method has certain 
drawbacks. CTU may overlook small or flat lesions and 
cannot always be performed on patients with renal 
dysfunction or iodine contrast allergy (4). Urine cytology 
has variable sensitivity based on sample quality and 
interpretation (5). Ureteroscopy provides definitive 
diagnosis. However, it requires instrumentation and is not 
suitable for all patients. Several studies have reported an 
increased risk of tumor seeding or intravesical recurrence 
after biopsy (7).

Among urine-based diagnostic methods, cytology 
and UroVysion FISH are the most commonly used tests 
for UTUC (8). When combined with cytology, UroVysion 
FISH can improve diagnostic sensitivity (9). Nevertheless, 
both methods have certain limitations. These include 
inconsistent sensitivity and the need for specialized 
laboratory processing (10-11). These limitations 
emphasize the need for a simple, objective, and readily 
available adjunctive test to help in UTUC detection.

The UF-5000 (Sysmex, Kobe, Japan) is an automated 
urine analyzer that is widely used in clinical laboratories. 
In addition to standard urinary parameters, the analyzer 
provides a research parameter referred to as “Atyp.C,” 
which automatically quantifies cells with a high nuclear-
to-cytoplasmic ratio–a cytomorphological feature 
associated with malignancy. This parameter is established 
from optical and flow-cytometric data obtained during 
particle analysis (12).

Recent studies indicate that the Atyp.C value shows 
a moderate diagnostic accuracy for bladder cancer, with 
area under the curve values of approximately 0.78-0.83 
(13-14). However, its diagnostic performance for UTUC 
has not been systematically evaluated. Therefore, the 
current study compared the diagnostic performance of 
urine cytology and Atyp.C in patients with UTUC. Further, 
it assessed whether their combined use could improve 
detection across different clinical settings.

Patients and Methods

Patients and study design. This single-center retrospective 
observational study included patients diagnosed with 
UTUC between January 2022 and July 2025. The initial 
suspicion of UTUC arose from macroscopic or microscopic 
hematuria or abnormal urine cytology findings that 
prompted CT urography. All included UTUC cases were 
histologically confirmed by surgical pathology and/or 
biopsy (ureteroscopic or CT-guided). In total, 63 patients 
were initially identified. After excluding 7 patients with 
missing data on tumor location and 15 patients with 
concomitant bladder cancer or unknown bladder status 
at the time of urine testing, 41 patients were found to be 
eligible for the analysis.

Urine specimens. All index comparisons were performed 
using voided urine specimens. For each patient, we used 
urine collected before cystoscopy and confirmed the 
absence of any visible bladder lesions. Urine cytology and 
UF-5000 Atyp.C results were paired within 2 months, and 
the closest available pair per patient was used for the 
primary analysis. Atyp.C was measured from fresh, 
unfixed urine using the UF-5000 and processed promptly 
after collection according to our routine laboratory 
workflow.

Ethical considerations. The protocol for this research 
project has been approved by Ethics Committee of Kochi 
Medical School, and it conforms to the provisions of the 
Declaration of Helsinki (approval no. 2025-85). The 
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requirement for written informed consent was waived in 
accordance with the committee’s approval, as this was a 
retrospective database study, and an opt-out approach 
was adopted.

Assessment and statistical analysis. Urine cytology was 
considered positive when classified as Papanicolaou class 
III or higher. Positive Atyp.C was defined as a UF-5000 
measurement of ≥0.1. Sensitivity was defined as the 
percentage of pathologically confirmed UTUC cases with 
positive results. The primary endpoints were the 
sensitivities of urine cytology alone, Atyp.C alone, and their 
combination. A paired comparison of cytology and Atyp.C 
was performed using the McNemar’s test. A two-sided 
p-value of <0.05 indicated statistically significant 
differences. EZR (Saitama Medical Center, Jichi Medical 
University, Saitama, Japan), which is a graphical user 
interface for R (The R Foundation for Statistical Computing, 
Vienna, Austria), was used to perform all statistical 
analyses. EZR is a modified version of R commander 
designed to add statistical functions frequently used in 
biostatistics (15). The sample size was not based on an a 
priori power calculation, as this was an exploratory 
retrospective study with a limited number of patients.

Results

Table I shows the characteristics of the patients. This study 
included 41 patients with pathologically confirmed UTUC. 
The median age was 72 (interquartile range=68-79) years, 
and 28 (68.3%) patients were men. Sixteen (39.0%) 
patients had never smoked, whereas 25 (61.0%) were 
former or current smokers. Four (9.8%) patients had a 
previous history of urothelial carcinoma. The renal pelvis 
(53.7%) was the most common tumor location, followed 
by the proximal- or mid-ureter (U1-U2, 29.2%) and the 
distal ureter (U3, 17.1%).

In total, 17 (41.5%) patients presented with 
hydronephrosis. In terms of pathological T classification, 
Ta/Tis was observed in 8 (19.5%) patients, T1 in 7 
(17.1%), ≥T2 in 20 (48.8%), and Tx in 6 (14.6%).

Table I. Patient characteristics (n=41).

Characteristics n (%)

Sex, no (%)
Male 28 (68.3)
Female 13 (31.7)

Age, median (IQR) 72 (68-79)
Smoking, no (%)

Never 16 (39.0)
Former 14 (34.2)
Current 11 (26.8)

History of bladder cancer/UTUC, no (%)
Absent 37 (90.2)
Present 4 (9.8)

Tumor location, no (%)
Pelvis 22 (53.7)
U1 6 (14.6)
U2 6 (14.6)
U3 7 (17.1)

Hydronephrosis, no (%)
Absent 24 (58.5)
Present 17 (41.5)

T classification, no (%)
Ta, Tis 8 (19.5)
T1 7 (17.1)
T2 4 (9.8)
T3 11 (26.8)
T4 5 (12.2)
Tx 6 (14.6)

NM classification, no (%)
N0M0 33 (80.5)
Others 8 (19.5)

Histological subtype, no (%)
Pure urothelial carcinoma 37 (90.2)
Variant/unknown 4 (9.8)

Urine cytology class, no (%)
I 1 (2.4)
II 29 (70.7)
III 9 (22.0)
IV, V 2 (4.9)

Atyp.C value, no (%)
0 32 (78.0)
>0.1 9 (22.0)

Urine RBC, no (%)
0-4 14 (34.1)
5-19 6 (14.6)
20-49 5 (12.2)
50-99 3 (7.3)
>100 13 (31.7)

Urine WBC, no (%)
0-4 17 (41.4)
5-19 20 (48.8)
20-49 2 (4.9)
50-99 2 (4.9)
>100 0 (0.0)

IQR, Interquartile range; RBC, red blood cells; UTUC, upper tract 
urothelial carcinoma; WBC, white blood cells.
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According to clinical stage, 33 (80.5%) patients 
exhibited N0M0. Urothelial carcinoma was the primary 
histological diagnosis in 37 (90.2%) patients, with 4 
(9.8%) presenting with variant or unclassified histology. 
Eleven (26.8%) patients had positive urine cytology 
(class ≥III), and nine (22.0%) patients exhibited Atyp.C 
positivity (≥0.1). Microscopic hematuria (0-4 red blood 
cells/HPF) was absent in 14 (34.1%) patients, and 17 
(41.4%) patients had a normal white blood cell count 
(WBC) (0-4 WBCs/HPF).

Table II depicts the characteristics of the patients 
according to urine cytology and Atyp.C status. The overall 
positivity when either test had a positive result reached 
41.5%.

The baseline characteristics, including age, sex, 
smoking status, previous history of urothelial carcinoma, 
and tumor location, did not significantly differ between 
the cytology-positive and cytology-negative groups 
(p>0.05). Similarly, no significant association was 
observed between Atyp.C positivity and any clinical or 
pathological variable (p>0.05). In terms of tumor location, 
the positivity rates of either test were 40.9% for renal 
pelvic tumors, 25.0% for proximal- to mid-ureteral (U1-
U2) tumors, and 71.4% for distal ureteral (U3) tumors. 
In patients without hydronephrosis, the positivity rates 
were 33.3% for cytology, 20.8% for Atyp.C, and 45.8% for 
the combination of both. Meanwhile, the corresponding 
values in those with hydronephrosis were 17.6%, 23.5%, 
and 35.3%, respectively. According to T classification, 
the positivity rates for either test were 40.0% in Ta/Tis/
T1 tumors, 40.0% in T2-T3 tumors, and 45.5% in T4/Tx 
tumors. No significant trends were observed across N/M 
classification, histological subtype, or urine red blood cell/
WBC counts (p>0.05).Overall, the diagnostic performance 
of urine cytology and Atyp.C was comparable, and the 
diagnostic performance of the combined procedures 
yielded the highest detection rate across all subgroups.

Table III presents the results of a paired comparison 
using McNemar’s test. The combined cytology-Atyp.C 
approach demonstrated significantly higher positivity 
than urine cytology alone (6 vs. 0 discordant pairs, 

p=0.041). This finding indicates that combining urine 
cytology with Atyp.C enabled the detection of UTUC cases 
missed by urine cytology alone.

Discussion

This study evaluated the diagnostic performance of Atyp.C, 
a research parameter derived from the UF-5000 automated 
urine particle analyzer, in patients with UTUC. Although 
voided urine cytology continues to be a widely used non-
invasive test, its sensitivity for UTUC is limited. Atyp.C 
reflects the proportion of cells with a high nuclear-to-
cytoplasmic ratio, and previous studies have shown that it 
may be a useful quantitative adjunct in bladder cancer. 
However, its clinical relevance in UTUC has not been 
investigated previously. The current study compared 
Atyp.C with conventional urine cytology and examined the 
potential benefit of combining the two tests. Recent work 
has also explored artificial intelligence-assisted 
interpretation to improve upper urinary tract cytology, 
aiming to enhance reproducibility and diagnostic 
performance beyond conventional morphology alone (16).

In this cohort, the sensitivities of Atyp.C and 
urine cytology were comparable (22.0% and 26.8%, 
respectively). Neither modality alone achieved 
satisfactory sensitivity. However, notably, the combined 
use of cytology and Atyp.C significantly improved the 
diagnostic yield. A paired comparison using McNemar’s 
test demonstrated that the combination detected six 
additional cases missed by cytology alone, resulting 
in a statistically significant improvement in positivity 
(p=0.041). This finding indicates that Atyp.C and cytology 
identify partially overlapping but distinct exfoliated 
tumor cell populations and that their combined use 
improves diagnostic performance for UTUC. In line 
with this concept, recent UF-5000-based approaches in 
bladder cancer have proposed integrating multiple urine 
parameters, including inflammatory indices, to enhance 
detection performance (17).

Previous studies in bladder cancer have demonstrated 
that voided urine cytology achieves moderate sensitivity, 
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typically ranging from 35% to 70% (18), depending on tumor 
grade and specimen quality. Atyp.C has also been reported 
as a useful adjunct marker, with published data showing its 
sensitivity and specificity to be approximately 59% and 82%, 
respectively, in bladder cancer (6). These findings indicate 

that, in the lower urinary tract, exfoliated tumor cells can be 
captured relatively efficiently during voiding.

In contrast, the diagnostic performance of voided 
urine cytology for UTUC is generally low. A previous study 
has reported sensitivities of 30%-50% (1), highlighting 

Table II. Patient characteristics according to Urine cytology and/or Atyp.C.

Total, 
n (%)

Urine 
cytology 
class ≤ II, 

n (%)

Urine 
cytology ≧ 

class III

p-Value Atyp.C = 0, 
n (%)

Atyp.C 
≧0.1, n (%)

p-Value Both 
negative 
(cytology 
≦ II and 

Atyp.C = 0)

Either 
positive 

(cytology 
≧ III or 

Atyp.C ≧0.1)

p-Value

 n=41 (100.0) n=30 (73.1) n=11 (26.8) n=32 (78.0) n=9 (22.0) n=24 (58.5) n=17 (41.5)

Sex, no (%) 0.073 0.429 0.098
   Male 28 (100.0) 23 (82.1) 5 (17.9) 23 (82.1) 5 (17.9) 19 (67.9) 9 (32.1)
   Female 13 (100.0) 7 (53.8) 6 (46.2) 9 (69.2) 4 (30.8) 5 (38.5) 8 (61.5)
Age, median (IQR) 72 

(68-79)
72 

(68-79.75)
72 

(69.5-76)
0.848 72.5 

(70-78.25)
68 

(67-81.0)
0.813 74.5 

(70-80.25)
72

(67-78)
0.327

Smoking, no (%) 0.074 0.276 0.518
   Never 16 (100.0) 9 (56.3) 7 (43.8) 11 (68.8) 5 (31.3) 8 (50.0) 8 (50.0)
   Former/Current 25 (100.0) 21 (84.0) 4 (16.0) 21 (84.0) 4 (16.0) 16 (64.0) 9 (36.0)
History of bladder 
 cancer/UTUC, no (%)

0.288 1.000 1.000

   Absent 37 (100.0) 28 (75.7) 9 (24.3) 29 (78.4) 8 (21.6) 22 (59.5) 15 (40.5)
   Present 4 (100.0) 2 (50.0) 2 (50.0) 3 (75.0) 1 (25.0) 2 (50.0) 2 (50.0)
Tumor location lowest
 site, no (%) 

0.500 0.459 0.165

   Pelvis 22 (100.0) 16 (72.7) 6 (27.3) 18 (81.8) 4 (18.2) 13 (59.1) 9 (40.9)
   U1 + U2 12 (100.0) 10 (83.3) 2 (16.7) 10 (83.3) 2 (16.7) 9 (75.0) 3 (25.0)
   U3 7 (100.0) 4 (57.1) 3 (42.9) 4 (57.1) 3 (42.9) 2 (28.6) 5 (71.4)
Hydronephrosis, no (%) 0.309 1.000 0.539
   Absent 24 (100.0) 16 (66.7) 8 (33.3) 19 (79.2) 5 (20.8) 13 (54.2) 11 (45.8)
   Present 17 (100.0) 14 (82.4) 3 (17.6) 13 (76.5) 4 (23.5) 11 (64.7) 6 (35.3)
T classification 0.712 0.701 1.000
   Ta, Tis, T1 15 (100.0) 12 (80.0) 3 (20.0) 11 (73.3) 4 (26.7) 9 (60.0) 6 (40.0)
   T2, T3, T4, Tx 26 (100.0) 18 (69.2) 8 (30.8) 21 (80.8) 5 (19.2) 14 (53.8) 11 (42.3)
NM classification 1.000 1.000 1.000
   N0M0 33 (100.0) 24 (72.7) 9 (27.3) 26 (78.8) 7 (21.2) 19 (57.6) 14 (42.4)
   Others 8 (100.0) 6 (75.0) 2 (25.0) 6 (75.0) 2 (25.0) 5 (62.5) 3 (37.5)
Histological subtype 0.559 1.000 0.629
   Pure urothelial 
    carcinoma

37 (100.0) 26 (70.3) 11 (29.7) 29 (78.4) 8 (21.6) 21 (56.8) 16 (43.2)

   Variant/Unknown 4 (100.0) 4 (100.0) 0 (0.0) 3 (75.0) 1 (25.0) 3 (75.0) 1 (25.0)
Urine RBC 1.000 0.692 0.742
   0-4 14 (100.0) 10 (71.4) 4 (28.6) 12 (85.7) 2 (14.3) 9 (64.3) 5 (35.7)
   >5 27 (100.0) 20 (74.1) 7 (25.9) 20 (74.1) 7 (25.9) 15 (55.6) 12 (44.4)
Urine WBC 0.476 0.711 1.000
   0-4 17 (100.0) 11 (64.7) 6 (35.3) 14 (82.4) 3 (17.6) 10 (58.8) 7 (41.2)
   >5 24 (100.0) 19 (79.2) 5 (20.8) 18 (75.0) 6 (25.0) 14 (58.3) 10 (41.7)

UTUC, Upper tract urothelial carcinoma; UC, urothelial carcinoma; RBC, red blood cells; WBC, white blood cells; IQR, interquartile range. Categorical 
variables were compared using Fisher’s exact test, and continuous variables using the Mann-Whitney U test. A two-sided p-Value <0.05 was 
considered statistically significant.
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the inherent difficulty of detecting upper tract lesions 
using voided urine specimens. The current study’s findings 
are consistent with these observations, demonstrating a 
cytology sensitivity of 26.8% and an Atyp.C sensitivity of 
22.0% for UTUC. The lower sensitivities observed in this 
study may be partly attributable to exclusion of patients 
with visible bladder lesions on cystoscopy, which eliminated 
cases in which concurrent bladder tumors could have 
increased the likelihood of detecting exfoliated malignant 
cells. Collectively, these findings suggest that UTUC is 
intrinsically more challenging to detect than bladder cancer 
using urine-based tests. This discrepancy likely results 
from fundamental differences in urine dynamics and cell 
recovery between the upper and lower urinary tracts.

Several physiological mechanisms may contribute to 
the reduced sensitivity of urine-based testing for UTUC. 
Urine in the renal pelvis and ureter is generally more 
diluted than that in the bladder. Based on previous studies, 
aquaporin-mediated water reabsorption, particularly 
via aquaporin-2 in the bladder epithelium (19, 20), 
plays a role in urine concentration. Thus, the number 
of exfoliated tumor cells suspended in the urine may 
differ between the upper and lower tracts. In the bladder, 
exfoliated tumor cells may remain suspended for longer 
periods. Meanwhile, in the upper tract, cells are shed only 
transiently as urine passes over the lesion. Further, upper 
tract tumor cells may undergo partial degeneration or 
lysis during their passage to the bladder, thereby further 
reducing cytological detectability. These biological factors 
collectively emphasize the inherent diagnostic challenges 
of UTUC when relying on voided urine specimens.

The combination of cytology and Atyp.C did not 
achieve sufficient sensitivity to function as a standalone 

diagnostic tool. Nevertheless, the finding that either test 
was positive in >40% of cases indicates potential utility as 
an early alert indicator. In particular, this may be relevant in 
non-specialist or community settings. Compact analyzers 
such as the UF-1500, which has analytical performance 
comparable to that of the UF-5000 (21, 22), could facilitate 
the incorporation of Atyp.C-based screening in primary 
care or general outpatient clinics. Such an approach may 
help identify patients who require timely referral for 
further urological assessment. In addition, among patients 
without hydronephrosis–who often do not undergo upper 
tract evaluation–either test yielded positive results in 
45.8% of cases. For urologists, this is clinically significant, 
as UTUC without hydronephrosis and without concomitant 
bladder tumors can be easily overlooked but may still be 
amenable to early endoscopic management, including 
kidney-sparing laser ablation (23-25). Notably, low-risk 
UTUC has been reported among candidates for kidney-
sparing management, underscoring the clinical importance 
of timely identification even in patients without classic 
high-risk features (26). Thus, even modest positivity in 
cytology or Atyp.C could be a valuable trigger for further 
investigation. Notably, the incorporation of Atyp.C does 
not require additional testing procedures or added costs 
when routine urine sediment analysis is already being 
performed. This cost-neutral improvement in diagnostic 
sensitivity may support broader clinical implementation.

Study limitations. First, its single-center retrospective 
design might have introduced selection and information 
bias. The statistical power, particularly in the subgroup 
analyses stratified by tumor location and hydronephrosis 
status, was further limited by the relatively small sample 
size. Second, patients with visible bladder tumors were 
excluded based on cystoscopic findings. However, the 
presence of occult flat lesions–such as carcinoma in situ–
cannot be completely ruled out. Such undetected bladder 
lesions could potentially influence urinary cytological or 
Atyp.C results. Third, differences in sample processing, 
urine stability, and timing of collection were unavoidable 
in this retrospective setting, and these factors might have 

Table III. McNemar’s test comparing urine cytology alone with the 
combined cytology–Atyp.C (n=41).

Either positive Both negative Total

Urine cytology ≥ class III 11 0 11
Urine cytology ≤ class II 6 24 30
Total 17 24 41
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affected test results, especially considering the fragility 
of exfoliated upper tract tumor cells. Fourth, Atyp.C is a 
research-use parameter, and its analytical characteristics–
such as reproducibility, optimal cutoff determination, and 
inter-device comparability–were not formally validated in 
this cohort. Finally, this study only included patients with 
confirmed UTUC. Therefore, specificity and predictive 
values could not be assessed, and the findings could not be 
generalized to screening populations or patients without 
suspected upper tract disease.

These limitations should be considered when 
interpreting the results. Nevertheless, prospective 
multicenter studies with standardized urine-handling 
methods should be performed to further validate the 
clinical utility of Atyp.C in the diagnosis of UTUC.

Conclusion

To the best of our knowledge, this study first evaluated the 
UF-5000 research parameter Atyp.C in UTUC. The 
sensitivity of Atyp.C was comparable to that of urine 
cytology, and their combined use had a better sensitivity. 
Nonetheless, their overall diagnostic performance 
remained limited. Importantly, Atyp.C may play a 
supportive role in diagnostically challenging groups, such 
as those with lower ureteral tumors and those with mild 
hematuria without hydronephrosis. Further prospective 
multicenter studies should be carried out to validate its 
clinical utility and optimal application.
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