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Abstract

Background: The urinary bladder tumour antigen (BTA) stat test has already been used for the diagnosis and monitoring of
bladder cancer (BC). However, more evidence is needed regarding its efficacy and utility in the clinic. In this study, we
investigated the influence of haematuria on the performance of the BTA stat test in a clinical cohort.

Methods: Urine samples from 836 subjects, including 50 healthy volunteers, 553 patients with benign urologic disorders,
124 patients with histologically proven BC, and 109 patients with other histologically proven urologic cancers, were
analysed by the BTA stat test and urinalysis. We detected the sensitivity and specificity of the BTA stat test in each group,
and analysed the effect of haematuria on the specificity.

Results: Our data showed that 58.06% of patients had haematuria in the BC group. Haematuria with benign prostatic
hyperplasia (BPH), renal hamartoma (RH) and urolithiasis were identified in 39.01%, 42.86% and 66.49% of patients with
benign urologic disorders, respectively. Haematuria was identified in 48.72% of prostatic cancer patients and 67.74% of
renal cancer patients. The overall sensitivity of the BTA stat test was 90.32%. The sensitivity was 97.22% in BC patients with
haematuria and 80.77% in BC patients without haematuria. The overall specificity in healthy individuals, patients with
benign urologic disorders and other urologic cancers was 50.84%. In all patients with haematuria, the specificity of the BTA
stat test was 15.82%, while it was 72.6% in patients without haematuria.

Conclusions: Haematuria has a significant influence on the BTA stat test. Thus, this test should not be used for the
diagnosis of bladder cancer in patients with haematuria.

Background

Bladder cancer (BC) is the ninth most common cancer disease worldwide, and the incidence is particularly high in men [1].
Early BC has a better prognosis, but the progression of the disease greatly increases the rate of metastasis and mortality [2].
Therefore, timely detection and diagnosis of BC are essential. Currently, cystoscopy and urine cytology are the best tests for
the diagnosis of BC [3]. However, there are some limitations in practical clinical applications. Cystoscopy is invasive and
costly [4]. Urine cytology has ideal specificity, but the interpretation of its results are highly dependent on the skill of the
examiner, and it has low sensitivity in low-grade tumours [5].

Molecular markers have been proposed for the detection of bladder tumours within recent years. Some of them have been
developed as commercial reagents. The advantage of these markers over cystoscopy and urine cytology is that they are
simple to use, less pain and low-grade tumors can be found. In contrast, their disadvantages are mainly suboptimal
accuracy and high inter-observer variability [6]. Hence, to be widely used, the specificity and sensitivity of these molecular
markers need to be tested more in clinical practice to determine their suitable diagnostic conditions.

The bladder tumour antigen (BTA) stat test is the most concerned BC marker detection methodiland it has been approved by
the US Food and Drug Administration for diagnosing and monitoring of BC [7, 8]. This antigen has been recognized as a
human complement factor H-related protein (hCFHrp) and inhibits the complement pathway to cause cytolysis in cells with
a resulting selective advantage for the tumour [9]. Previous studies have suggested that the sensitivity of the BTA stat test is
superior to urine cytology. However, more evidences are needed for its efficacy and utility in clinical, especially when it is
interfered by some pathological factors.

In the clinic, haematuria is a symptom of BC that cannot be ignored. The initial diagnosis of BC most often occurs after an
episode of gross or microscopic haematuria. Over 80% of patients with BC have some degree of haematuria [10, 11]. On the
other hand, there are many causes of haematuria other than BC, including many benign urologic diseases, urinary tract
infection, ureteric and renal stones etc. Even between 9% and 18% of normal individuals also have some degree of
haematuria [12]. Hence, if haematuria has a serious effect on the specificity of the BTA stat test, using it to screen and
monitor BC can lead to unnecessary investigation and anxiety.
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Although there have been many studies regarding the diagnosis of BC with BTA stat test, its use in daily practice for patients
presenting with hematuria is still not reach a consensus. Hence, we designed a prospective clinical cohort’s study to
investigate the influence of hematuria on BTA tests.

Material And Methods

Patients

After approval of the local institutional ethics committee and after informed consent, the study prospectively collected urine
samples from 1,478 patients who visited the Urology Department of the First Affiliated Hospital of Chongqging Medical
University from January 2018 to December 2019. All patients who provided urine samples were numbered after urine
collection, and each sample was tested for routine urine test and BTA test respectively. None of the participants had
mechanical manipulation of the urethra or bladder within the last two weeks before specimen collection. No one received
any medical therapy (ie instillation therapy or systemic chemotherapy) before collecting urine samples.

Then we collected the clinical data from patients and enrolled completed related inspections as needed, including urinary
ultrasound, CT, PSA screening etc. Of these, Cystoscopy biopsy were performed in patients suspected of having BC (due to
painless gross or microscopic haematuria, or irritative voiding symptoms). For patients suspected of renal cancer on CT,
postoperative pathological confirmation was performed. Patients who were suspected of prostate cancer by digital rectal
examination and PSA test was confirmed by prostate puncture cytology or postoperative pathology. Benign diseases of the
urinary system were diagnosed according to the corresponding diagnostic criteria. All diagnoses were confirmed by two
senior urologists.

Participants who ultimately did not belong to one of the diagnostic categories or refused further tests to confirm a diagnosis
were excluded. Except for the urinary tract infection (UTI) group in the benign urologic diseases group, patients with active
UTls in the other groups, indicated either by symptom reports or by pyuria, were excluded. Except for the urolithiasis group in
the benign urologic diseases group, patients with a recent history of urolithiasis in the other groups were excluded.

Finally, the study group consisted of 124 patients with BC. The benign urologic diseases group consisted of benign prostatic
hyperplasia (BPH, n=141), renal cyst (n=66), benign adrenal tumour (BAT, n=75), renal hamartoma (RH, n=28), urolithiasis
(n=185), and UTI (n=58). The other urologic cancer group consisted of 78 patients with prostate cancer and 31 patients with
renal cancer. According to the previous numbering, the urine routine and BTA results of the initial test are retrieved for further
analysis.

In addition, we recruited a group of healthy volunteers without any clinical symptoms from the physical examination centre
during the study period. They completed routine physical examinations at the physical examination centre, including urinary
occult blood test, urinary ultrasound, CT and PSA screening. Those who had normal physical examination results and
agreed to complete the follow-up tests were included in the study. Finally, the healthy volunteers group had 50 individuals.
The urine was also collected for BTA stat test and urine analysis.

Haematuria detection

In our study, the routine urinalysis includes dry chemical analysis, flow cytometry analysis and microscopic examination of
urine sediment. Haematuria was included gross haematuria and microhaematuria. Gross haematuria defined that the color
change was observed in the appearance of urine, and confirmed by demonstration of red blood cells in the urinary sediment
as shown by microscopy [13]. Microhaematuria defined that 3 or more red blood cells per high-power microscopic field in
urinary sediment [14].

BTA stat test
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The BTA stat test (Polymedco, NY, USA) is a one-step qualitative assay. We assayed all samples according to the
manufacturer’s instructions [15]. Three drops of urine are placed on the BTA stat test device, which contains a small lateral
flow immunochromatographic assay. The urine reacts with colloidal gold-conjugated anti-bladder tumour-associated
antigen antibody to form an immune complex. Then, when the immune complex flows through the detection area, it binds to
another anti-bladder tumour-associated antigen antibody and forms a visible colour band. If there is no hCFHrp in the urine,
no visible line will form in the detection area. Regardless of the presence or absence of hCFHrp in the urine sample, the
control area can bind to the detection antibody to form a visible line. Therefore, when both target and control zones form
two visible lines, the reading is positive; when only the control line is formed, the reading is negative. The absence of a
visible control line means that the test is invalid, and the test needs to be repeated.

Statistical analysis

Statistical analysis was performed using SPSS software, version 20.0 (Chicago, IL, USA). Analysis of the study population
characteristics used descriptive statistics. Qualitative variables were expressed as proportions. Sensitivity is defined as the
ratio of the number of true positive test results and the number of subjects with confirmed BC. Specificity is defined as the
ratio of the number of true-negative test results and the number of subjects without BC. Exact 95% confidence intervals (Cls)
indicate the precision of the sensitivity and specificity [7]. Groups were compared using and Fisher's exact test or Pearson x?
test. A Pvalue <0.05 was considered significant.

Results

BTA stat test in patients with BC

The overall sensitivity of the BTA stat test for the detection of BC was 90.32%. The sensitivity of the BTA stat test was
83.87% in pTa tumours, 95.83% in pT1 tumours, and 96.43% in pT2 tumours. None of the patients with pT3-pT4 tumours
had negative BTA stat test results. For histologic grades, the sensitivity was 80% for papillary urothelial neoplasm of low
malignant potential (PUNLMP) tumours, 70% for low-grade tumours, and 97.75% for high-grade tumours. In the BC group,
58.06% patients had haematuria. The sensitivity of the BTA stat test was 97.22% for BC patients with haematuria and
80.77% for BC patients without haematuria, and the difference was statistically significant (P< 0.05). (Table 2).

BTA stat test in healthy volunteers and patients with other urologic disorders

In urinary specimens from 50 healthy individuals, none of the specimens had positive BTA stat test results. Of the 553
patients with benign urologic diseases, 52.62% patients had false-positive BTA stat test results. The incidence of false
positive results was related to the observed condition: 68.11% in patients with urolithiasis, 84.48% in patients with UT]I,
43.97% in patients with BPH, 37.33% in patients with BAT and 46.43% in patients with RH had false-positive BTA stat test
results. 19.7% in patients with renal cysts had false-positive BTA stat test results. In addition, in patients with prostatic
cancer and renal cancer, the false-positive rates of the BTA stat test were 55.12% and 51.61%, respectively.

The specificity of the BTA stat test was 100% if only healthy individuals were considered. The overall specificity (healthy
individuals, patients with benign urologic diseases and patients with other urologic cancers) of the BTA stat test was
50.84% (Table 3).

Effect of haematuria on the BTA stat test

In patients with benign urologic diseases, patients with haematuria account for a relatively high proportion. Haematuria in
patients with BPH, RH and urolithiasis were 39.01%, 42.86% and 66.48%, respectively. In urologic cancers, 58.06% of BC
patients were accompanied by haematuria, and 48.72% of prostatic cancer patients and 67.74% of renal cancer patients
were also accompanied by haematuria (Fig. 1).
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Haematuria had a significant effect on the specificity of the BTA stat test in each group. In benign urologic diseases with
haematuria, the specificity of the BTA stat test was 11.34%, which was significantly lower than 74.6% that without
haematuria who had the same conditions (P < 0.05). The specificity of this test decreased to 8.94%-31.58% in patients with
BPH, renal cyst, BAT, RH and urolithiasis associated with haematuria. When we removed the patients with haematuria from
this analysis, and the specificity of the BTA stat test increased to 73.21-98.08% (P < 0.05). In prostatic cancer patients with
haematuria, the specificity of the BTA stat test was 28.95%, while the specificity increased to 60% after removing patients
with haematuria from this analysis (P < 0.05). In all groups of patients with haematuria, the specificity of the BTA stat test
was 15.82%, and the overall specificity of the BTA stat test was 70.5% in patients without haematuria. The difference was
statistically significant (P< 0.05). (Table 4).

In addition, our study found that the specificity of BTA stat test was correlated with the severity of haematuria. The
specificity of BTA stat test in patients with haematuria under microscope was significantly higher than that of gross
haematuria (P < 0.05).

Discussion

Among non-invasive urine tests, urine tests with molecular biomarkers are promising tools for diagnosing BC [16]. However,
these tests are still not well established in daily clinical routine and in the standard diagnostic workup of BC. Further
evaluation of the usefulness of these biomarkers in complex clinical situations is needed before they are recommended for
widespread clinical use. Considering that BC patients are often associated with haematuria, which also is the most common
manifestation of other urological diseases [11, 12]. Hence, it is important to evaluate the usefulness of molecular
biomarkers of BC in the context of haematuria interference.

The BTA stat test is a molecular urine test for BC that that is currently subject to the most attention. The BTA stat test
specifically recognizes bladder tumour-associated antigen (hnCFHrp) in urine through monoclonal antibodies. This antigenic
protein is considered to be isolated from the urine of patients with BC but cannot be detected in the urine of most healthy
individuals [9]. Previous studies have compared the sensitivity of the BTA stat test and cytology detection in patients with
BC diagnosed by cystoscopy, and the sensitivity of the BTA stat test was found to be superior to urine cytology and bladder
irrigation cytology [17-19]. However, there is limited data on its effectiveness in real-world clinical situations. Especially its
specificity under haematuria interference situations, needs further observations. In this study, we investigated the effect of
haematuria on the sensitivity and specificity of BTA stat test in the clinical cohort.

Previous studies have shown that, the sensitivity of BTA stat test is between 57% and 83% [20]. In our study, the sensitivity
of BTA stat test to detect patients without haematuria bladder cancer was 80.77%, that is consistent with previous studies.
If you analyse only patients with haematuria, the overall sensitivity of the BTA stat test was 97.22%. This illustrates the
effect of haematuria on its sensitivity. Because of false-positives, haematuria patients may exhibit higher sensitivity. Our
research shows that haematuria had a significant effect on the specificity of the BTA stat test in each group. In Non-bladder
cancer with haematuria patients, the specificity of the BTA stat test was significantly lower than that without haematuria
who had the same conditions. (The data show that except UTI and renal cancer group. the reason maybe is that UTI Urinary
tract infections also significantly affect the specificity of BTA stat test and the sample size of renal carcinoma group was
too small.) Furthermore, compared with other studies, our study showed more lower specificity. In a multicentre US study,
the specificity of the BTA stat test in patients with BPH, urolithiasis and UTI was 88.5%, 50% and 76%, respectively [21]. In
this study, the specificity of the BTA stat test decreased to only 31.89% and 15.52% in patients with urolithiasis and UT],
respectively. In patients with prostatic cancer and renal cancer, the specificity of the BTA stat test was only 44.87% and
48.39%, respectively. This may be because we did not exclude patients with haematuria from our total enrolment in these
data. In addition, our study found that the specificity of BTA stat test was correlated with the severity of haematuria. The
specificity of BTA stat test in patients with haematuria under microscope was significantly higher than that of gross
haematuria.
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Our results suggested that haematuria leads to high positive rates. Considering that hCFHrp is a serum factor, the BTA stat
test can possibly concomitantly detect serum proteins that cause haematuria. A study supports our conclusion; the Makito
Miyake group built an experimental haematuria model. They added whole blood to BTA-negative urine samples and found
that spiking BTA-negative urine samples with as little as 1 pl whole blood /10 ml urine was enough to produce a positive
BTA stat test result [22]. These evidences confirmed that the BTA stat test is very unsatisfactory for the diagnosis of BC. On
the one hand, the majority of patients with BC will present with haematuria, gross or microscopic haematuria is often the
first symptom in BC patients [11, 12]. On the other hand, haematuria is the most common symptom in urology patients. In
many benign or tumorous urologic diseases, haematuria is often the only manifestation [23]. Even 9% to 18% of normal
individuals also have some degree of haematuria [12]. This fact means that the BTA stat test may be prone to detect
particularly high false positives in haematuria patients.

We analysed patients with haematuria symptoms in a clinical setting and found that the specificity of the BTA stat test was
only 15.82% for all groups of patients with haematuria. The meaning of these data is that when only patients with
haematuria symptoms who were suspected of having BC were considered, the specificity of diagnosing BC with the BTA
stat test was only 15%. In addition, the proportion of BC patients with haematuria is very small, especially for patients with
microscopic haematuria. Previous studies have shown that only about 1% of patients with microscopic haematuria actually
have BC [10,24,25]. In this case, if the BTA stat test has such a high false-positive rate for haematuria, it will lack further
directivity, and its clinical utility and benefit will be low. The cost of screening includes the cost of labelling each patient and
the cost of evaluating patients with false-positive results. Adding any test to the clinical assessment will increase costs;
thus, the cost-effectiveness needs to be balanced by the benefits.

Optimal screening strategies require not only identifying a method with high sensitivity in a population with significant
disease prevalence, but also requires this method with reasonable specificity [26]. The specificity of the marker plays a key
role because more patients with false-positive results correlates with needing additional “unnecessary” tests. Our results
suggest that the BTA stat test cannot achieve ideal effective specificity and that using it to screen and monitor for BC may
lead to “unnecessary” costs. Therefore, BTA stat test is not recommended for screening or diagnosing BC in patients with
haematuria.

In addition, in case of follow up of urinary tumour markers, negative predictive value is also very important if our goal is to
avoid a more invasive cystoscopy based on the urinary tumour marker report. In our study, the negative predictive value of
BTA stat test was 97.09%, which is similar to the results of previous studies. Our study also showed that the negative
predictive value of BTA in patients with haematuria was significantly higher than that in patients without haematuria, and
the difference was statistically significant (F0.05). Nevertheless, we must note that because the negative predictive value is
affected by the prevalence, even if the diagnostic performance is very poor, this value can be as high as 90% or more when
the prevalence is relatively low. At this time, it is not objective for us to use the negative predictive value to measure the
diagnostic value of diagnostic experiments. After identifying high-risk groups, negative predictive value can play its greatest
role, but this requires large-scale prospective studies to determine the actual prevalence in high-risk groups. If the prevalence
is still low in high-risk groups, then the cost and actual benefits of screening need to be considered. Further studies can
compare and analyse the specific costs involved in the clinical practice of qualitative urinary tract testing. However, there are
no available data on this problem.

A variety of biomarkers for evaluating bladder cancer have been developed, including protein-based and gene-based
biomarkers. As with BTA, the use of the protein marker NMP22 also has been hampered by haematuria [27-28]. It is worth
noting that these results did not indicate that the high false positive of protein-based makers in patients with haematuria are
directly caused by red blood cells in the urine. It may also be that the factors that promote haematuria may also promote
tumour cell shedding, thereby increasing the positive detection rate of these makers. Hence, for protein-based biomarkers, it
needs to be tested under specific circumstances. Gene-based detection of bladder cancer is much better for performance
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under haematuria interference, such as UroVysio test and Cxbladder test [29-30]. But these testing methods are far more
complex, and the high cost is the biggest obstacle to their widespread use.

There are some limitations to our study. There is too less a number of patients in T3, T4 category, undifferentiated cancer
groups. The sensitivity of 100% in these patient groups may not be statistically significant. the sample size of Renal cancer
group is small, which may also cause some bias. We Providing and retaining these data so that readers allow readers to
evaluate the sample size and clinical data.

Conclusions

Our research shows that the specificity of the BTA stat test was very low in haematuria condition, thus this test should not
be used for the diagnosis of BC in patients with haematuria. False positive results can be decreased if patients with
haematuria conditions were excluded from the test.
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Table 1
Patient demographics

Group Total Male Female Mean age Range age
Bladder cancer 124 103 21 66.7 26-89
Healthy volunteers 50 30 20 50.2 25-72
Benign urologic diseases 553 378 175 62.4 22-95
BPH 141 141 0 70.7 51-95
Renal cyst 66 36 30 64.1 47-87
BAT 75 27 48 53.3 22-74
RH 28 6 22 55 31-70
Urolithiasis 185 129 56 60 26-90
UTlI 58 39 19 63.3 48-88
Other urologic cancers 109 101 8 68.9 35-93
Prostatic cancer 78 78 0 72 52-93
Renal cancer 31 23 8 61 35-76
BPH, benign prostatic hyperplasia; BAT, benign adrenal tumour; RH, renal hamartoma; UTI, urinary tract infection

Table 2 Sensitivity of the BTA stat test by tumour stage and grade
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riable Negative Positive Total Sensitivity (%) 95% CI

idder cancer 12 112 124 90.32 83.36-94.68
thologic subtype
TCC 11 107 118 (95.16%)  90.68 83.57-95.02
SCcC 1 4 5 (4.03%) 80 29.88-98.95
Undifferentiated carcinoma 0 1 1 (0.81%) 100 5.46-100
ade
PUNLMP 1 4 5 (4.03%) 80 29.88-98.95
Low-grade 9 21 30 (24.19%) 70 50.44-84.59
High-grade 2 87 89 (71.77%) 97.75 91.35-99.61
thologic T stage
Ta 10 52 62 (50%) 83.87 71.87-91.59
T1 1 23 24 (19.35%) 95.83 76.88-99.78
T2 1 27 28 (22.58%) 96.43 79.76-99.81
T3 0 4 4 (3.23%) 100 39.57-100
T4 0 6 6 (4.84%) 100 51.68-100

ine analysis

Haematuria 2 70 72 (58.06%) 97.22* 89.42-99.52
No haematuria 10 42 52 (41.94%) 80.77 67.03-89.92
Statistical analysis *P10.002 vs No haematuria

TCC, transitional cell carcinoma; SCC, squamous-cell carcinoma; PUNLMP, papillary urothelial neoplasm

of low malignant potential; CI, confidence interval
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Table 3
Specificity of the BTA stat test in 50 healthy subjects and patients in eight disease categories

Category BTA-negative BTA-positive Total Specificity (%) 95% Cl
Healthy volunteers 50 0 50 100 91.11-100
Benign urologic diseases 262 291 553 47.38 43.16-51.63
BPH 79 62 141 56.03 47.43-64.29
Renal cyst 53 13 66 80.3 68.32-88.7
BAT 47 28 75 62.67 50.69-73.34
RH 15 13 28 53.57 34.21-71.99
Urolithiasis 59 126 185 31.89 25.35-39.2
uTI 9 49 58 15.52 7.77-27.93
Other urologic cancers 50 59 109 45.87 36.38-55.66
Prostatic cancer 35 43 78 44.87 33.74-56.51
Renal cancer 15 16 31 48.39 30.56-66.60
Total 362 350 712 50.84 47.11-54.57
BPH, benign prostatic hyperplasia; BAT, benign adrenal tumour; RH, renal hamartoma; UTI, urinary tract infection; Cl,
confidence interval.

Table 4 Specificity of the BTA stat test in patients with or without haematuria in eight disease categories
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Categories Haematuria No haematuria Statistical
analysis*

Total BTA- BTA-  Specificity Total BTA- BTA-  Specificity Pvalue

positive negative (95% CI) positive negative (95% CI)

Benign urologic 238 211 27 11.34% 315 80 235 74.6% 00.001
diseases (7.74- (69.35-
16.24) 79.24)

BPH 55 50 5 9.09% 86 12 74 86.05% 00.001
(3.4- (76.50-
20.71) 92.27)

Renal cyst 14 12 2 14.29% 52 1 51 98.08% 00.001
(2.51- (88.42-
43.85) 99.9)

BAT 19 13 6 31.58% 56 15 41 73.21% 0.001
(13.56- (59.46-
56.50) 83.77)

RH 12 10 2 16.67% 16 3 13 81.25% 0.001
(2.94- (53.69-
49.12) 95.03)

Urolithiasis 123 112 11 8.94% 62 14 48 77.42% 00.001
(4.78- (64.72-
15.49) 86.68)

UTI 15 14 1 6.67% 43 35 8 18.6% 0.272
(0.35- (8.92-
33.97) 33.92)

Other urologic 59 39 20 33.9% 50 20 30 60% 0.006
cancers (22.41- (45.2-
47.49) 73.27)

Prostate 38 27 11 28.95% 40 16 24 60% 0.006
cancer (15.99- (43.39-
46.11) 74.72)

Renal 21 12 9 42.86% 10 4 6 60% 0.458
cancer (22.59- (27.37-
65.56) 86.31)

Total 297 250 47 15.82% 365 100 265 72.6% 00.001
(11.96- (67.67-
20.59) 77.05)

BPH, benign prostatic hyperplasia; RH, renal hamartoma; UTI, urinary tract infection; BAT, benign adrenal

tumour; CI, confidence interval; * Specificity in Haematuria vs no haematuria.
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Table 5 The specificity of the BTA stat test in microscopic haematuria and gross haematuria conditions

Total BTA-positive BTA-negative specificity 95%CI

0 haematuria 415 100 315 75.9% 71.44-79.88
aematuria
Microhaematuria 248 203 45 18.15%* 13.67-23.63
Gross haematuria 49 47 2 4.08%*#A  0.7-15.14
tatistical analysis  *p - 0.0001 vs no haematuria
#P < 0.0001 vs no haematuria
AP = 0.014 vs microhaematuria
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Figure 1

The proportion of haematuria in various diseases and the positive rate of BTA in haematuria patients (Figure1 had uploaded

as additional file) Fig. 1 a. The proportion of haematuria in patients with BC, prostatic cancer, renal cancer and benign

urologic diseases. Data are from 786 patients. b. The positive rate of BTA in patients with BC, prostatic cancer, renal cancer

and benign urologic diseases. Data are from 353 patients.
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