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Until recently, the main diagnostic methods for bladder cancer (BC) are still voided urine cytology
and cystoscopy, and many drawbacks persist. In this retrospective study, we evaluated the sensitivity
and specificity of the CellDetect assay in the detection of BC with comparison to standard diagnostic
methods. Between August 2020 and July 2022, B-ultrasonography or computed tomography (CT) scan
was performed for patients with hematuria or irritative voiding symptoms. If no bladder mass was
detected, the patient was excluded. A total of 148 patients with bladder mass formed the final study
cohort. The patients’ urine samples were measured with CellDetect assay, followed by cystoscopy

or diagnostic transurethral resection of bladder tumor. The patients were divided into two groups
based on previous history of BC: group P and group R. The analysis included descriptive statistics and
percentages. Finally, 115 cases had a positive CellDetect result, with 68 cases in group P and 47 in
group R, respectively. And 134 cases revealed malignant tumor pathologically. The overall sensitivity
and specificity for all patients were 82.1% and 64.2%, respectively. Concerning the subgroups, the
respective sensitivity and specificity were: in group P- 81.0% and 50.0%; and in group R- 85.2%

and 83.3%, respectively. In conclusion, CellDetect assay demonstrated significant performance for
diagnosis of BC: it can identify BC patients at early stage with significant diagnostic performance and
good reliability. This assay might develop novel methods and ideas for future clinical practice.

Over the past decades, the management of BC has witnessed several advancements, such as immune checkpoint
inhibitor (ICI) therapy, antibody-drug conjugates (ADCs), trimodality bladder-sparing therapy, gene therapy;
and better outcomes have been obtained!. However, breakthrough progression has not been made in the
diagnostic methods of BC, except some modifications based on urine cytology and cystoscopy. Therefore, early
diagnosis of BC, which is of clinical importance for treatment decisions, remains a rather great challenge.

We are all aware that if BC patients are detected as early as being confined to the mucosa or lamina propria,
they can receive appropriately treatment, resulting in better outcomes and quality of life (QOL)% But if the
diagnosis is delayed, patients would harbor higher stage and grade cancers. Currently, among patients who
receive an initial diagnosis of BC, about 25% have muscle-invasive BC (MIBC) or metastatic disease, leading to
worse prognosis®. Thus, BC should be detected at its earliest and most localized stage.

For nearly halfa century, voided urine cytology has been the main clinical method for detecting BC. But studies
have shown that its sensitivity is not very satisfactory?, thus it is usually seen as a basic and crude examination.
Meanwhile, although cystoscopy is considered the gold standard of diagnosis for BC, the procedure has innate
adverse outcomes, for example, inadvertent damage of urethra or bladder, infection, as well as uncomfortable
feelings for patients.

Clinically, improvement in the accuracy of early diagnosis for BC is strongly required. More sensitive, non-
invasive, and cost-effective examination method is an ongoing pursuit for urologists. Recently, some novel
methods of urine-based cancer detection have been proposed, such as bladder tumor antigen, Xpert Bladder
Cancer Detection, UroVysion, Oncuria®, nuclear matrix protein- 22. But for many reasons, such as increased
cost, needing for trained personnel or expensive equipment, or not a point-of-care assay, the clinical applications
were not quite satisfactory, and they could not replace cystoscopy completely.

A recently developed urine test technology- CellDetect- was introduced into clinical application, with the
discriminative capacity of color and morphology between normal and neoplastic cells®, which are probably
related to the increased metabolic activity in cancer cells. Hila et al. demonstrated that the overall sensitivity
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and specificity of CellDetect test for BC were 84% and 80%, respectively’. Particularly, the assay was found to
have superior sensitivity for low grade (LG) BC. Several articles regarding this method have been published and
showed promise for clinical use in non-invasive diagnosis and surveillance of BC.

At our hospital, we applied this assay for several years. We found it is an easy-to-use test with satisfactory
results, especially its better ability to detect LG cancers. Herein, we described the routine procedures in our
clinical practice about patients with suspicious BC. In this study, we aimed to evaluate the diagnostic performance
of CellDetect assay in the detection of primary or recurrent BC for patients referred to our Urology Department,
and sought to elucidate the potential usefulness of this assay in early diagnosis of BC.

Materials and methods

Patients

Between August 2020 and July 2022, the patients referred to our hospital for suspicion of BC were enrolled
in the study. The inclusion criteria were: hematuria or irritative voiding symptoms, or imaging examination
(B-ultrasonography/ CT scan) showing space-occupying mass in bladder when physical examination, suggestive
of bladder tumor; >18 years of age. The exclusion criteria were: active tuberculosis; recent surgery or external
injury of the bladder; radiotherapy or systemic chemotherapy during the past 3 months; urinary system
instrumentation; concomitant with urinary malignancy other than the bladder. Patients who did not consent to
the study design were also excluded.

Methods

In our hospital, we regularly performed B-ultrasonography or CT scan for patients with hematuria, especially
gross hematuria, or irritative voiding symptoms. If no bladder mass was detected, the patient was further
excluded. Then the patients with bladder mass formed the final study cohort. All patients received CT urography
examination to rule out upper urinary tract tumor.

Before cystoscopy or diagnostic transurethral resection of bladder tumor (TURBL), at least 50 ml of voided
mid-stream urine samples were collected from the second micturition of the morning. Then the urine samples
were transported to clinical laboratory on ice within 2 h.

Subsequently, the patients underwent cystoscopy or diagnostic TURBt. During cystoscopy, the bladder was
carefully inspected. In case of small suspicious lesions, biopsies were taken; while in patients with bigger lesions,
a diagnostic TURBt was undertaken under anesthesia. Then histologic examination was performed for all
biopsies or surgical specimens by two independent experienced pathologists. Based on the histologic reports, the
patients were determined as having or not having BC. Histologic specimens with confirmed urothelial cancer
were graded according to the 2004 World Health Organization (WHO) grading system, and staged according
to TNM classification criteria®. The study protocol was approved by Institutional Review boards. All patients
provided written informed consent, and the handling of patient data was in accordance with privacy laws (e.g.,
GDPR).

The patients were divided into two groups based on whether they had previous history of BC: group P-
Primary group (without previous BC history), and group R- Recurrent group (with previous BC history). All
patients’ data on medical history, sociodemographics were recorded. The Flow diagram of the study is shown
in Fig. 1.

CellDetect assay

Cell staining was performed by use of CellDetect kit (Zetiq Techoogies Ltd., Tel Aviv, Israel), according to
manufacturer instructions. In brief, urine samples were processed per the CellDetect instructions. After
centrifugal separation and smears, the cellular staining was finished with the red and the green dyes in the kit,
just as the detailed method described by Donghao Shang, et al.’.

With respect to CellDetect staining results, the following categories were included:

@ negative: the nucleus of the normal urothelial cell is stained in green, blue or dark purple, with greenish
cytoplasm. Inflammatory cells are stained in purple/ red, with well discrimination based on their morphology
(Fig. 2A).

@ positive: the nucleus of the malignant cell is stained in red/ purple, with the cytoplasm of cancer cells being
stained in pink, especially when cells are arranged in clusters, with high nucleus/ cytoplasm ratio. Regarding
the atypical cells, their nuclei are stained in red/ purple, with cytoplasm being transparent, pink or greening
(Fig. 2B).

Statistics

Histologic evaluation of the specimen was considered the gold standard to which CellDetect was compared. Cases
with negative histology were considered negative. The diagnostic performance measures- sensitivity, specificity,
positive predictive value (PPV) and negative predictive value (NPV) - were calculated for the overall cohort and
for subsets of the patients. Data were meticulously recorded and analyzed using the software- statistical package
for social science, version 18.0 (SPSS, IBM Corp., Armonk, NY, United States). The analysis included descriptive
statistics and percentages. As this was an observational study without comparison between different groups, so
we did not calculate p-values or confidence intervals.

Results

A total of 346 patients were enrolled in the study, among which 14 were excluded due to incomplete medical
record, improper obtaining or storage of urine samples, or inconclusive results. Following B-ultrasonography or
CT scan, 184 patients were further excluded for no bladder mass. Thus, a final cohort of 148 patients was eligible
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Fig. 1. Flow diagram of the study procedures.

for this study. All received CellDetect assay and subsequent cystoscopy or diagnostic TURBT, with 134 cases
showing malignant tumor after pathological confirmation.

Baseline characteristics of the enrolled patients are listed in Table 1. Of them, 87 patients had no previous BC
history (group P) and 61 had previous BC history (group R). The ages ranged between 35 and 92 years and most
patients were male (72.9%).

As to the main symptoms, 48 cases were due to microscopic hematuria (29 in group P and 19 in group R;
accounting for 33.3% and 31.1%, respectively), 62 for gross hematuria (35 in group P and 27 in group R; 40.2%
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Fig. 2. Urine smears stained with CellDetect assay (X30). (A) Urine smear of normal subject: the nucleus of
the normal cell is stained in green, blue or dark purple, with greenish cytoplasm. (B) Urine smear of patient

with BC: the nucleus of the malignant cell is stained in red/ purple, with the cytoplasm of cancer cells being

stained in pink; in particular, the cells are arranged in clusters, with high nucleus/cytoplasm ratio.

Patients with bladder mass

Variable Total | GroupP | Group R | Patients without bladder mass
n 148 87 61 184

Age (years) 35-92 | 35-86 45-92 31-87

Male/ female 108/40 | 66/21 42/19 137/54

Main symptoms

Microscopic hematuria | 48 29 (33.3%) | 19 (31.1%) | 52

Gross hematuria 62 35(40.2%) | 27 (44.3%) | 94

Irritative symptoms 26 16(18.4%) | 10 (16.4%) | 38

No symptoms:
incidental finding when | 12 7 (8.0%) 5(8.2%) 0
physical examination

Table 1. Patient demographics and baseline characteristics.

and 44.3%, respectively), 26 cases for irritative symptoms (16 in group P and 10 in group R; 18.4% and 16.4%,
respectively), and 12 cases were for incidental finding at physical examination (7 in group P and 5 in group
R; 8.0% and 8.2%, respectively) (seen in Table 1; Fig. 3). Further investigation demonstrated that among 134
patients with BC, 30 were LG cancer (17 in group P and 13 in group R; 19.5% and 21.3%, respectively), 104 high-
grade (HG) cancer (65 in group P and 39 in group R; 74.7% and 63.9%, respectively). Thirteen patients were
MIBC. Moreover, 3 cases were accompanied by carcinoma in situ (CIS) (1 in Group P and 2 in Group R; 1.1%
and 3.3%, respectively), all of which were CellDetect positive.

Overall, 115 out of 148 cases (77.7%) had a positive CellDetect result, with 68 cases in group P (78.2%) and
47 in group R (77.0%), respectively (Table 2). Table 3 provides the diagnostic value of CellDetect for the total
patients with BC and different subgroups. The overall sensitivity and specificity for all patients were 82.1% and
64.2%, respectively. As far as the subgroups were concerned, the respective sensitivity and specificity were: in
group P- 81.0% and 50.0%; and in group R- 85.2% and 83.3%, respectively. As seen in Table 3, the sensitivity
and specificity in Group P and Group R differ significantly. We consider it is probably due to the differences in
tumor grade or stage between the two groups. Other parameters- including PPV and NPV- were also shown in
the table. As to the relatively low NPV values, especially for Group P, the results suggested that for patients with
negative results but persistent symptoms, more tests would be better. Moreover, the detection sensitivity for LG
BC was 76.7%; and 83.7% for HG BC. From this result, we can conclude that the screening ability of CellDetect
in LG BC is inferior to in HG BC.

Discussion

Around the world, BC represents one of the most common malignancies in Urology, ranking as the 4th most
common cancer in men and the 9th in women; as well as the 13th in terms of cancer mortality'®. In 2019, “the
report of Global Burden of Diseases, Injuries, and Risk Factors Study” declared that the global incidence of BC
cases reached 524,300, occupying about 3% of new cancer patients. In that year, the highest incidence of BC
occurred in China among 204 countries and territories; and in China, the incidence of BC ranks the 6th of solid
tumor in men, and the 1st of urogenital system. With the development of aging population, the incidence of BC
is increasing gradually; and it has been estimated that by 2030, there will be 192,390 new cases of BC in China'!.
During the past 15 years, the fatality rates of prostate cancer, breast cancer decreased by 20- 40%, but that of BC
declined only by 5%. In particular, the therapeutic outcome of late stage BC is very poor, with a 5- year survival
of merely 15%1.
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Fig. 3. Number of the patients with main symptoms at presentation: group P- Primary group (without
previous BC history), and group R- Recurrent group (with previous BC history).

Grade
Low grade | 30 17 (19.5%) | 13 (21.3%)
High grade | 104 65 (74.7%) | 39 (63.9%)

Stage

NMIBC 121 75 (86.2%) | 46 (75.4%)
MIBC 13 7 (8.0%) 6(9.8%)
CellDetect

Positive 115 | 68(78.2%) | 47 (77.0%)
Negative 33 19 (21.8%) | 14 (23.0%)

Table 2. Grade and stage of 134 patients that were confirmed with BC, as well as CellDetect staining
conditions in all the included 148 patients. The differences between the two subgroups were not compared in
this study, so the p-values were not calculated (NMIBC non-muscle invasive bladder cancer).

Total 82.1% 64.2% 95.6% | 27.3%
Group P | 81.0% 50.0% 94.1% | 21.0%
Group R | 85.2% 83.3% 97.8% | 35.7%

Table 3. Overall results of the total patients with BC and different subgroups. Group P- Primary group
(without previous BC history), and group R- Recurrent group (with previous BC history).

It is well known that the typical clinical presentation of BC is hematuria (gross or microscopic); less common
is persistent irritative urination. However, some patients might present with no obvious symptoms. Urothelial
carcinomas account for most of the disease types. As shown in our study, 110 patients presented with hematuria,
26 with irritative symptoms, and 12 patients were incidentally found at physical examination. All these patients
were urothelial cancer pathologically. Although the risk of urinary tract cancer exists for patients with such
symptoms, the referral rate to urologists is still far from satisfactory, ranging between 13% and 47%?3. This low
referral rate could be attributed to numerous factors, for example, patient’s carelessness or ignorance; but the
discomfort during cystoscopy would probably preclude patients from this maneuver. Unfortunately, the lack
of evaluation for urothelial carcinoma in such patients would lead to delayed diagnosis, and further, worse
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prognosis. Hence, early, timely and accurate detection of BC, with subsequent intervention can drastically
influence the outcomes'*. The outcome of BC is closely associated with the initial stage at presentation. Patients
with non-invasive BC at initial diagnosis have higher survival rates, lower risks of recurrence and progression as
compared with those with invasive or metastatic BC. Moreover, the patients could receive curative intervention
when diagnosed early'®. It might, therefore, be therapeutically advantageous to detect urothelial carcinoma as
early as possible. Besides, economic burden of BC diagnosed at early stage is much less than that diagnosed too
late.

Currently, the routine detection methods for BC include cystoscopy and conventional urine cytology in
clinical settings. Cystoscopy in conjunction with biopsy of suspicious lesions remain gold standard procedure;
however, this technique bears inherent disadvantages!® - invasive, with risks for urethral injury, urinary tract
infection or hematuria, thus influencing patients’ compliance negatively. Clinical research showed that BC
patients’ physical and psychological QOL might be severely influenced by the necessity of repeated cytoscopic
probes'”. In addition, this technique is highly subjective: because the morphology of bladder tumors varies
greatly, inexperienced urologist could miss small flat lesions, especially in the detection of CIS'®, or even mistake
atypical tumorous appearance as inflammatory lesions. It was reported that the cystoscopy examination has
an overall false-negative rate of 10-20% for CIS. Furthermore, in China, patients usually receive cystoscopic
tissue-sampling under local anesthesia, not general anesthesia. More importantly, cystoscopy is unfit for large-
scale screening of BC. Thus, in clinical practice, the ideal condition would be cystoscopy only performed for
appropriate patients, to decrease economic burden, increase diagnostic accuracy and minimize the invasive
procedure.

As one of the major body fluids and one perfect source of biomarkers, urine is collected easily and non-
invasively, and has long been considered as a typical representative of the prevailing concept of “liquid biopsy”!°,
rendering itself to widespread use in BC detection. Conventional urine cytology is highly specific for BC, but
its low sensitivity -particularly for LG cancer- ranges from 20 to 53%, thus limiting its clinical value*. Hence,
there is an increasing interest in the development of more accurate test, for example, Bladder tumor antigen
assay, ImmunoCyt test, Nuclear matrix protein-22, UroVysion, fluorescence in situ hybridization (FISH),
etc2122, However, each has its own shortcomings- unsatisfactory accuracy, far more expensive, or manipulated
complicatedly, so they have failed to be used widely in clinical practice to date. As an ideal marker, it should
be “easier, better, faster and cheaper”?, even to replace or lengthen the interval between routine cystoscopic
examinations. Theoretically, conventional urine cytology examines the cellular morphology, and its low
sensitivity and high specificity suggest that the malignant cells identified are differentiated poorly, while the
well- or moderately- differentiated malignant cells could not be identified, thus leading to false- negative result.

Consequently, the need for surpassing these detection modalities is urgent. The CellDetect assay, a novel
histochemical staining technique was developed by Zetiq Technologies Ltd (Israel) for cancer screening and
diagnosis®*. It’s based on the principle that there are different metabolic processes and products between normal
cells and cancerous cells, and the metabolism of cancer cells is increased significantly- the so called “Wahberg
effect”. Using color and morphology as distinguishing method, the technique can discriminate between normal
and malignant cells in one single urine specimen?. By applying bright field microscopy, this method highlights
suspicious cells in red-purple, identifying malignant cells at a very early stage, even before they present the
morphological traits of malignancy. Theoretically, it examines samples at a cellular level and is more concordant
with pathologic results. In our study, we observed that CellDetect assay achieved a sensitivity of 82.1% and
specificity of 64.2% for the overall patients in identifying BC. Moreover, unlike the urine cytology examination
which detection sensitivity for LG BC is poor'®, (and Springer et al. reported a sensitivity of urine cytology
was 43%)2; our results for detection of LG BC revealed a sensitivity of 76.7%, with a 83.7% for HG BC, which
is similar with the findings of Davis N, et al.*’” and Yossepowitch et al.?%. Our results suggested that CellDetect
could identify not only poorly-differentiated cancer cells, but also well-differentiated cancer cells. By comparing
with historical data regarding urine cytology examination, CellDetect assay demonstrated better effects and less
likely produced false results (misdiagnosis).

It is known that the postoperative recurrence rate of BC is the highest among all cancers, with up to 50-70%
of cases recurring; and many patients exhibited at least one recurrence within 5 years?. The life of sufferers
is seriously endangered, also making it a great health challenge. At present, in clinical scenario, the detection
methods of recurrent BC are the same as primary BC, and the need for avoiding or lengthening the intervals
of cystoscpy is urgent. In our study, the sensitivity of CellDetect in recurrent BC was 85.2%, with a specificity
of 83.3%. These results were similar with that of Donghao Shang et al.? and different from that of Omer Yiiksel
et al.?%, but their results were based on patients regardless of prior BC history. In addition, in our study, the
sensitivity of CellDetect for recurrent BC was some higher than primary BC in amount (85.2% vs. 81.0%). We
speculated it was probably because higher concentrations of tumor cells are exfoliated into urine in recurrent
BC with bladder mass. Based on the abovementioned results, we believe that for some selected patients, the
CellDetect assay could provide an alternative method for lengthening the intervals of cystoscopy, reducing the
number of cystoscopic procedures during follow up, or monitoring the relapse of BC. (But this is only our future
ideas. As to the specific implementation plan, or for real clinical practice, we think this needs further clinical
trials.)

Our study was not devoid of limitations. Firstly, CellDetect assay could only detect the exfoliated tumor cells
in urine, without the ability to locate the site of the tumor nor to stage the tumor. This is the innate defect and
main drawback of this assay. But we believe that patients might receive this assay to clarify whether to receive
subsequent cystoscopy. Secondly, the topic of our study is to evaluate the clinical performance of CellDetect
assay in patients with hematuria or irritative voiding symptoms for BC, and this is a preliminary study. In
China, it is very difficult to persuade patients only with such symptoms and without bladder mass to undergo
traumatic cystoscopy examination, especially taking biopsy and histologic examination. So, we exclude patients
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without suspicious sonographic and/or CT bladder masses but symptoms of hematuria and irritative voiding
symptoms; because for these patients, we cannot confirm their pathologic results at present. In future, we hope
to find new methods to undertake such clinical studies in the entire symptomatic patients. Thirdly, in our study,
we conducted only an observational study without comparing with urine cytology; because in our hospital,
urine cytology examination is seldom performed for shortage of reagents or other reasons. This study showed
promising results of CellDetect assay, and we have applied this assay in routine practice. In future research,
we will compare its performance with that of urine cytology and acquire our own center’s results. Fourthly,
among the primary or recurrent patients, the results were not further evaluated or compared according to the
respective stages of BC, and the results of PPV or NPV were not analyzed in detail. We hope to make up for these
shortcomings in the future clinical studies. Lastly, the sample size of our study was small, so we plan to validate
the results in a larger multi-institutional cohort of samples; and this assay has been also performed in another
hospital in our city to expand sample sizes. The effect of CellDetect assay for predicting the recurrence of BC
should be evaluated in future studies, especially in combination with other diagnostic tests (such as NMP22
or UroVysion). And exploring its use for monitoring treatment response or recurrence in BC patients is also a
future clinical study. We expect better results. Moreover, there might be potential sources of bias in the results,
for example, patient selection bias or inter-observer variability in the pathological evaluation. And we will try as
much as possible to avoid such bias in future studies.

Conclusion

The typical clinical manifestation of BC is hematuria; less common is persistent irritative urination, while some
patients might present with no obvious symptoms. Detection of BC in such patients is mainly by the means of
cystoscopy and urine cytology at present; however, there are drawbacks in both methods. Our findings indicate
that CellDetect assay could identify BC patients at an early stage with significant diagnostic performance, as well
as with good reliability. Its significant benefit both in HG and LG BC implies that its clinical utility is reliable.
This assay might provide an alternative method to prolong the intervals of cystoscopy, reduce the number of
cystoscopic procedures during follow up, or monitor the relapse of BC for some selected patients, to avoid usage
of the uncomfortable or traumatic cystoscopy examination. Moreover, this assay might indicate the treatment
directions to some extent in clinical practice, for both doctors and patients; and facilitate the clinical decision-
making process, especially in resource-limited settings where cystoscopy is not readily available. In future,
more attention needs to validate the results in a larger multi-institutional cohort of samples, or in more studies
comparing this assay to others in clinical use (e.g., FISH or NMP22), for better and wider application.

Data availability
All data involved in this study are available from the corresponding author on reasonable request.
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