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Abstract

Introduction: We evaluate the diagnostic value of bladder tumour
antigen (BTA stat) tests compared with urine cytology test in detect-
ing bladder cancer.

Methods: We searched public databases including PubMed,
MEDLINE Springer, Elsevier Science Direct, Cochrane Library and
Google Scholar before December 2012. To collect relevant data
of BTA stat tests and urine cytology tests in patients with bladder
cancer, we studied meta-analyses of sensitivity, specificity, posi-
tive likelihood ratio (LR), negative LR and diagnostic odds ratios
(DOR) of BTA stat tests and cytology tests from published studies.
We applied the software of Rev. Man 5.1 and Stata 11.0 to the
meta-analysis.

Results: A total of 13 separate studies consisting of 3462 patients
with bladder cancer were considered in the meta-analysis. We
found that the BTA stat test had a higher sensitivity than the urine
cytology test (0.67, 95% confidence interval [Cl] 0.64 to 0.69 vs.
0.43, 95% Cl1 0.40 to 0.46), but the specificity, positive LR, negative
LR, DOR, the area under the curve (AUC) and Q index of the BTA
stat test were lower compared with the urine cytology test. The
results of the Egger’s linear regression test showed no publication
bias (p > 0.05).

Conclusions: Specificity, positive LR, negative LR, DOR, the AUC
and the Q index of the urine cytology test may be superior to the
BTA stat test, but the BTA stat test has greater sensitivity than the
urine cytology test.

Introduction

Bladder cancer is one of the most common urologic malig-
nancies." More than 25% of bladder cancer cases are still
muscle-invasive at first diagnosis.? Early diagnosis of bladder
cancer remains a challenge,® because it has low sensitivity

and specificity. In recent years, the use of diagnostic catego-
ries for extragenital cytology has increasingly been discussed
as an approach to improve the quality of reports.* However,
in corresponding reported urine cytology, the accuracy
and sensitivity are highly variable.® The bladder tumour
antigen (BTA stat) test is a rapid, non-invasive, qualitative
urine test that detects bladder tumour associated antigen
(human complement factor H related protein) in urine.®” It
is an immunochromatographic reaction to detect the blad-
der tumour antigen in patients with bladder cancer.® The
limitation of current urinary tumour markers is their low
specificity and positive predictive value, which clinically
manifests as a high false-positive rate.? Despite significant
advances in our understanding of the molecular pathology
of bladder cancer, it remains a significant health problem.
Muscle-invasive bladder cancer is still associated with high
morbidity and mortality.™

It is debatable whether the diagnostic value of the BTA
stat test in detecting bladder cancer is superior to urine cytol-
ogy."7 To understand the nuances of the BTA test and the
urine cytology test in diagnosis, we conducted a systematic
review of published findings and used meta-analysis tech-
niques to quantitatively combine results. We made a meta-
analysis to assess the sensitivity, specificity, positive likeli-
hood ratio (LR), negative LR, diagnostic odds ratio (DOR) in
patients tested by BTA stat or urine cytology.

Methods

Source of material

We retrieved several public databases, mainly PubMed,
MEDLINE Springer, Elsevier Science Direct, Cochrane
Library and Google Scholar before December 2012. These
databases cover all the available English literature. “Bladder
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tumor antigen test,” “BTA stat,” “urine cytology,” “cytol-
ogy,” “diagnosis,” “bladder cancer,” “study” and “trial” were
the key words. Moreover, references from retrieved papers
were checked for additional studies. We only collected data
from published papers, excluding meeting or conference
abstracts.

Search methods

Four independent investigators retrieved the electronic data-
bases. An independent PubMed, MEDLINE and Springer
retrieve was done by A and B with the same method. An
independent Elsevier Science Direct, Cochrane Library and
Google Scholar retrieve was done by C and D with the same
method. If an investigator’s assessment was not consistent
with the others, then a discussion ensued regarding the final
decision to include the data.

The included papers contained investigations of the
patients with bladder cancer (i.e., prospective studies, ret-
rospective studies or cross-sectional studies) and the diag-
nosis of bladder cancer using the BTA stat test and cytology
test. The effect size as odds ratio (OR), sample size, gender
or range of age were not limited. We excluded reviews,
duplicated studies or reports which only described the BTA
stat test data or cytology test data.

Our evaluation included study methods, sample size and
recruitment. We selected papers by reading the document
title and abstract. We also read the full text of papers for sec-
ondary screening to determine whether they were going to
be included in the analysis. Two investigators independently
completed this task. If there were differences (i.e., extracted
data or information was inconsistent with another investiga-
tor), we reached an agreement through a discussion.

Extracted data included study details (e.g., the first author’s
name, research year of study, year of study publication, loca-
tion of participants, design of studies, follow-up time) and
patient characteristics (e.g., age, gender of patients with the
BTA test and the cytology test, sample size). Two investi-
gators (A and D) extracted the data independently using
the standard protocol, and a third investigator reviewed the
results. We contacted authors of incorporated studies to
obtain further information for data items that needed clari-
fication. Discrepancies were resolved by discussing with our
research team or by contacting the original investigators.

The meta-analysis combined the ORs in the patients with
bladder cancer. The point estimates of the ORs and its 95%
confidence interval (95% Cl) were pooled estimated for each
study. We assessed the within- and between-study variation
or heterogeneity by testing Cochran’s Q-statistic.'® We also
quantified the effect of heterogeneity using I>=100% x (Q—
df)/Q formula.”™ A significant Q-statistic (p < 0.10) or
[>-statistic (I>> 50) indicated heterogeneity across studies, and
then the random effect model was used for meta-analysis

and to account for the possibility of heterogeneity between
studies; otherwise, the fixed effect model was used.?° The
overall or pooled estimate of ORs was obtained using the
Mantel-Haenszel method in the fixed effect model*' and the
DerSimonian and Laid method in the random effect model.>

The summary receiver operating characteristic (SROC)
curve was used to represent the performance of a diagnostic
test,? based on data from a meta-analysis. The SROC curve
included multiple points, and the cut-off points were deter-
mined by the maximal value points, which are the value
summations of the sensitivity and specificity.?* The area
under the curve (AUC) and an index Q were discussed as
potentially useful summaries of the curve. An upper bound
was derived for the AUC based on an exact analytic expres-
sion for the homogeneous situation, and a lower bound
based on the limit case Q, defined by the point where sen-
sitivity equals specific ity: Q is invariant to heterogeneity.?

Analyses were performed using the Meta-DiSc soft-
ware v.1.4 and the STATA software package v.11.0 (Stata
Corporation, College Station, TX). All p values were two-
sided. P values less than 0.05 were considered statistically
significant.

Results

Characteristics of eligible studies

In total, we had 747 potentially relevant papers (PubMed:
169; MEDLINE: 98; Springer: 154; Elsevier Science Direct:
86; Cochrane Library: 5; Google Scholar: 235) (Fig. 1). After
duplicates were removed, we had a total of 204 poten-
tially relevant studies. During the abstract screening, 149
articles were excluded (33 were review articles, 65 did not
include urine cytology tests; 51 did not report on bladder
cancer). This left us with 55 studies for full publication
review. Of these, 42 of these were excluded (23 because
they only included urine cytology data and no comparison
and 19 because there were no data available).

In the end, we had 13 studies to analyze (Table 1).72"-
172528 These studies were published between 1998 and 2006
and included a total of 3462 patients with bladder cancer.
Their sample size ranged from 71 to 739, and mean age
from 60 to 70 years.

We summarized the overall meta-analysis of bladder
cancer patients with the BTA stat test (Table 2). Of the 13
studies, 3175 patients with bladder cancer were considered
in the meta-analysis. We used the random effect model (Q
2=56.23, I*=96.4%, p < 0.01) to combine the data of true
positive (TP), false positive (FP), false negative (FN) and true
negative (TN) numbers. The overall meta-analysis showed
that sensitivity, specificity, positive LR, negative LR and
DOR of BTA stat test were 0.67 (95% CIl=0.64 to 0.69),
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and DOR of cytology test were 0.43 (95% Cl=0.40 to 0.46),
0.97 (95% Cl1=0.96 t0 0.98), 10.56 (95% Cl=6.21 to 17.96),
0.62 (95% Cl=0.54t0 0.72), 18.24 (95% CI=10.54 to 31.57),
respectively. The AUC and Q index were 0.77 and 0.71,
respectively (Fig. 3).

The Egger’s test assessed publication bias. For all samples,
the Egger’s test provided no evidence of publication bias for
this meta-analysis (Table 2).

T47 potentially relevant reports identified and screened (Pubmed, 169,
MEDLINE, 98; Springer, 154; Elsevier Science Direct, 86;
Cochrance Library , 5; Google Scholar,235.)

204 potentially relevant reports after duplicate removed

149 excluded by review of abstract
(33 reviews; 65 not urine cytology test:
51 not reported bladder cancer)

Discussion

Many studies”-13151025-27 have reported on the diagnostic
value of the BTA stat and cytology test in detecting bladder
cancer. These studies, however, have demonstrated mixed
results due to small sample sizes or low statistical power. In
our meta-analysis, we combined 13 separate studies, con-
sisting of 3462 patients to compare the diagnostic value of
the BTA stat test with the urine cytology test in detecting
bladder cancer. We found that the BTA stat test had higher
sensitivity than the urine cytology test, but specificity, posi-

55 retrieved for detailed assessment

42 excluded by review of full text
» (23 forjust only reported urine cytology data
but not for comparation; 19 due to not available data)

13 separate studies included in meta-analysis

Fig. 1. Flow diagram for selection of studies for the meta-analysis.

0.75 (95% CI=0.73 to 0.77), 2.58 (95% Cl=2.07 to 3.20),
0.47 (95% Cl=0.39 to 0.55), 5.88 (95% Cl=4.06 to 8.63),
respectively. The AUC and Q index were 0.75 and 0.69,
respectively (Fig. 2, Fig. 3).

We also collected the pooled meta-analysis of bladder
cancer patients with the cytology test (Table 2). In the 13
studies, 3122 patients with bladder cancer were considered
in this meta-analysis. We used the random effect model
(Q*=68.47, I’=97.1%, p < 0.01) to merge the data of
the TP, FP, FN and TN numbers. The overall meta-analysis
showed that sensitivity, specificity, positive LR, negative LR

tive LR, negative LR, DOR, the AUC and Q index of the BTA
stat test were lower compared with the urine cytology test.

The BTA stat test is a “point-of-care” rapid immunochro-
matographic assay for detecting the bladder tumour antigen
(BTA) in the urine.”” The BTA stat test is one of non-inva-
sive tumour markers in the urine and has become a useful
marker in bladder cancer detection.'® The antigen detected
is a human complement factor-H related protein.'” Similar
to the results in other studies,®'"'329 the overall sensitivity
of the BTA stat test was superior to urine cytology; the lat-
ter, however, had better specificity. Therefore, the study
suggested that the BTA stat test would not replace the urine
cytology test in detecting bladder cancer. Vriesema and col-

Table 1. Characteristics of studies included in the meta-analysis (n=13)

BTA stat test Cytology test
Study (publication year) Country Ethnicity S2™P1®  Male (%)  A9® ytology
year TP FP FN TN TP FP FN TN
Wiener HG, et al."? (1998) Austria European 291 199 (68) 65 52 64 39 136 54 0 37 200

Austria, France,

172 (72) 64 70 45 37 79 35 1 72 123
Germany, ltaly

Leyh H, et al."" (1999) European 240

Pode D, et al.™ (1999) Israel Asian 250 207 (83) NA 106 38 22 84 51 5 77 107
Ramakumar S, et al.?® (1999) United States American 196 152 (78) 66 42 38 15 101 24 3 30 55
Sharma S, et al.® (1999) United States American 278 NA NA 23 43 11 201 10 1 24 243

Giannopoulos A, et al.?®
(2000)

Poulakis V, et al.’® (2001)

Greece European 168 145 (86) 66 71 30 28 39 38 4 61 65

United States American 739 485 (66) 67 200 74 85 149 157 13 96 306

Raitanen MP, et al.” (2001) Finland European 445 NA NA 63 47 55 280 21 6 97 321
van Rhijn BW, et al.?’ (2001) Netherlands European 109 84 (77) 67 13 9 10 35 5 2 18 42
Fukui Y, et al.™ (2001) Japan Asian 71 NA NA 18 1 13 39 5 0 26 40
Saad A, et al. (2002) United Kingdom European 120 100 (83) 70 25 9 27 59 33 12 19 56
Boman H, et al.?® (2002) Sweden European 304 NA NA 89 54 65 91 60 12 73 131
Sun'Y, et al."® (2006) China Asian 251 177 (71) 60 116 13 35 87 55 0 96 100

BTA: bladder tumour antigen; TP: true positive; FP: false positive; FN: false negative; TN: true negative.
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Fig. 2. The summary receiver operating characteristic (SROC) curve of the bladder tumour antigen stat test.

leagues identified that 89% of their patients would prefer
cystoscopy as the diagnostic method if a bladder tumour
maker’s sensitivity was less than 90%.%°

Diagnostic categories reflect the adequacy of the materi-
als for interpretation and the presence or absence of cancer
cells.* The potential value of urine cytology has been reduced

by the relative inexperience of most pathologists in examin-
ing urinary specimens, and by the lack of cellular criteria
specifically reflecting the morphology of low-grade papillary
and flat lesions of the bladder epithelium.?' Yet, urine cytol-
ogy is increasingly accepted as a diagnostic tool to detection
and follow patients with bladder cancer.’' However, its low

Table 2. The indexes of bladder cancer diagnose with by BTA stat test and urine cytology test

E:::]hn:::ic Parameter Test of association Test of heterogeneity Model 533:;;:::32;
Estimates 95% CI Q p value 12 (%) t p value
Overall — — 56.23 <0.01 96.4 Random 1.16 0.27
Sensitivity 0.67 0.64 to 0.69 55.80 <0.01 78.5 — — —
BTA stat test Spe-c-ificity 0.75 0.73t0 0.77 105.39 <0.01 88.6 — — —
Positive LR 2.58 2.07 to 3.20 62.08 <0.01 80.7 Random — —
Negative LR 0.47 0.39 to 0.55 46.73 <0.01 74.3 Random — —
DOR 5.88 4.06 to 8.63 53.82 <0.01 77.7 Random — —
Overall — — 68.47 <0.01 97.1 Random -0.63 0.54
Sensitivity 0.43 0.40 to 0.46 116.29 <0.01 89.7 — — —
Cytology test Specificity 0.97 0.96 to 0.98 72.26 <0.01 83.4 — — —
Positive LR 10.56 6.21to 17.96 37.69 <0.01 68.2 Random — —
Negative LR 0.62 0.54 to 0.72 131.77 <0.01 90.9 Random — —
DOR 18.24 10.54 to 31.57 30.72 <0.01 60.9 Random — —

BTA: Bladder tumour antigen; Cl: confidence interval; LR: likelihood ratio; DOR: diagnostic odds ratio.

E350 CUAJ ® May-June 2014 e Volume 8, Issues 5-6



BTA stat test in detecting bladder cancer

Sensitivity SROC Curve
1 = = —
Symmatric SROC
a - AUC = 0.7683
SE(ALIC) = 0.0TT7
Q= 0.7087
g | SE(Q") = 0.0654
T
f .
s9®
i1
(g ®
4 4 e
I,
"
i
2 _"
®
1 1
% 2 4 5 8 1
1-specificity
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Conclusion

sensitivity may limit its use. Interestingly, its sensitivity is
highly associated with tumour stage. Millan-Rodriquez and
colleagues demonstrated that low-stage tumours had only a
37% recurrence and 0% progression rate, while high-stage
tumors had a relative 54% recurrence and 15% progression
rates.>? Hence, for high-stage tumours that are more likely
to progress, the sensitivities of common tumour markers are
high. The use of diagnostic tools to detect bladder cancer
should be based on tumour stage and grade.

Our study has limitations. Only published studies were
included; thus, there may be publication bias. In addition,
significant between-study heterogeneities were detected in
the current meta-analysis, and may have distorted the meta-
analysis. The degree of heterogeneity is one of the major
concerns in a meta-analysis,** as non-homogeneous data
are liable to result in misleading results. Different popula-
tions may contribute to the heterogeneity among the selected
studies. Moreover, the population from each country was
not uniform. Hence, the results of this meta-analysis should
be interpreted with caution. We minimized the likelihood
of bias by developing a detailed protocol before initiating
the study, by performing a meticulous search of published
studies and by using explicit methods for study selection,
data extraction and data analysis.

Sensitivity and specificity of the urine cytology and BTA stat
tests are the 2 of the most critical factors in the diagnosis
of bladder cancer. In this meta-analysis, we evaluated the
pooled data of sensitivity, specificity, positive LR, negative
LR, DOR, AUC and Q index from 8 clinical trials. We found
that urine cytology test was the most specific and the BTA
stat test was the most sensitive in detecting bladder cancer.
Due to the limited sample in our meta-analysis, prospective
studies with larger samples are warranted.
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