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INTRODUCTION

Bladder cancer is the tenth most commonly diagnosed 
neoplasia globally, with about 573,000 new cases and 
213,000 deaths.[1]

Transitional cell carcinoma (TCC) is the main 
diagnostic type of bladder cancer. About 70%–80% 
of TCC is diagnosed as nonmuscle invasive bladder 
cancer (NMIBC) and 20%–30% as muscle invasive 
BC (MIBC). However, 10%–30% of patients with 
NMIBC progress to invasive disease.[2-5]

Early diagnosis of recurrence is essential, and detection of 
recurrence is usually performed through frequent cytology 
and cystoscopy with or without biopsy. In addition, these 
techniques are also essential for initial diagnosis for patients 
presented with hematuria. They are the gold standards for 
diagnosis of bladder cancer. However, they have many 
limitations. Although cytology has a high specificity (86%) 
and also a high sensitivity in detecting high-grade bladder 
tumor, it has a low sensitivity for low-grade tumors (16%). 
Furthermore, it depends mainly on cytopathologist experience 
with a high inter- and intra-observer variability.[6-10]
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ABSTRACT
Introduction: The emergence of urinary biomarkers for bladder cancer diagnosis could provide a reliable and less invasive 
diagnostic method. It could be also used as an adjuvant to the current gold standards of cytology and cystoscopy to 
improve diagnostic accuracy and decrease the percentage of false positives.
Methods: We searched PubMed, SCOPUS, and Web of Science up to March 18, 2020. We selected four studies that 
assessed the diagnostic accuracy of urinary apolipoprotein A1 (ApoA-1) in detecting bladder cancer and met the inclusion 
and exclusion criteria. Two authors independently extracted the data and performed quality assessment of the studies.
Results: Four studies with 771 participants were selected; 417 were bladder cancer patients and 354 were controls. 
Bladder cancer was either transitional cell carcinoma or squamous cell carcinoma, the stages varied between Ta to 
T3, and the grades varied between G1 and G3. The pooled sensitivity, specificity, positive likelihood ratio, negative 
likelihood ratio, and diagnostic odds ratio were 90.7%, 90%, 9.478, 0.1, and 99.424, respectively. Summary receiver 
operating characteristic curve showed an area under the curve of 0.9544 and Q* index of 0.8965.
Conclusions: ApoA‑1 showed high sensitivity and specificity, so it could be a useful biomarker in diagnosis of bladder 
cancer.
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On the other hand, cystoscopy has a high sensitivity 
and specificity. However, it is an invasive, painful, 
time-consuming, and costly procedure that is not well 
accepted for patients. In addition, it may cause urinary 
tract infection. Furthermore, bladder mucosa irregularities 
and small areas of carcinoma in situ may contribute to a 
significant rate of false negatives (FNs) due to operator 
error.[11-19]

Consequently, more reliable and less invasive diagnostic 
methods should be developed for diagnosis and surveillance 
of bladder carcinoma.[20]

Urinary biomarkers may emerge as one of these 
noninvasive, highly sensitive, and specific diagnostic 
tools for early detection of bladder cancer. They provide 
the advantages of the ease of sample collection and fast 
results detection. In addition, they are attractive methods 
due to the direct contact of the urine with the urothelial 
tumor cells.[16,21]

Tan et al. reported a high sensitivity for some urinary 
biomarkers in detecting bladder cancer. Their 
diagnostic ability increased when combined with 
cytology.[22] However, although the Food and Drug 
Administration (FDA) has approved the use of some of 
the commercially available urine-based tests, they are 
not included in the international guidelines for bladder 
cancer management.[14,20]

Apolipoprotein A1 (ApoA-1) is one of the urinary 
biomarkers that can diagnose bladder cancer. It is a major 
structural part of high-density lipoprotein (HDL). It plays an 
important role in transporting cholesterol back to the liver, 
in addition to other functions in immunity, inflammation, 
and apoptosis. The antitumor function of ApoA-1 is recently 
identified.[23] Recent studies pronounced that ApoA-1 level 
was high in certain types of tumors, indicating that it could 
be used as a potential biomarker for the diagnosis.[24-26] Chen 
et al.[27] detected a high level of ApoA-1 in the urine samples 
of patients with bladder cancer, which made ApoA-1 a 
promising noninvasive test for bladder cancer diagnosis. 
Other studies suggested the potentiality of using urine 
ApoA-1 for diagnosis of bladder cancer due to its high 
sensitivity and specificity.[25,26,28]

In this meta-analysis, we aimed to assess the diagnostic 
accuracy of ApoA-1 in detecting bladder cancer.

METHODS

Data sources and searches
We systematically searched online databases: PubMed, 
SCOPUS, and Web of Science up to March 18, 2020. Studies 
were collected according to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses.[29] The details 

of the search process and study selection are shown in 
Figure 1. We used English terms in search: Urinary bladder, 
Urinary Bladder Neoplasm, Bladder Tumors, Malignant 
Tumor of Urinary Bladder, Bladder Cancer, Transitional Cell 
Carcinoma, ApoA-1, Apolipoprotein A I, Pro-Apolipoprotein 
A-I, Apolipoprotein A-I Isoprotein-2, Apolipoprotein A-I 
Isoprotein-4, Apolipoprotein AI Propeptide, Apolipoprotein 
A-I Isoproteins.

Study selection
Studies that met the following criteria were included: 
(i) ApoA-1 was used as a biomarker for diagnosis 
of urinary bladder cancer. (ii) The biomarker was 
ApoA-1 measured in the urine sample. (iii) Bladder 
cancer was confirmed by standard diagnostic methods 
(cystoscopy and histopathology). (iii) Sufficient data 
were available to calculate sensitivity and specificity of 
ApoA-1. (iv) Study publication should be in peer-reviewed 
scientific journal. (v) Full‑text should be available in English. 
However, we excluded the following: (i) conference paper, 
review articles, reply and comments; (ii) animal studies; 
and (iii) papers with duplicate population.

Data extraction and quality assessment
Two authors (K.A.M. and K.T.D.) collected the following 
data from the studies: Author, publication year, country, 
method, assay type, number of cases (true positives [TP] 
+ FNs), controls (true negatives and false positives [FP]), 
total number of participants, gold standard used, and cutoff 
values. We assessed the quality of the included studies using 
QUADAS-2 tool.[30]

Data synthesis and analysis
MetaDisc 1.4[31] was used in data analysis. Pooled estimates of 
sensitivity, specificity, positive likelihood ratio (PLR), negative 
likelihood ratio (NLR), and diagnostic odds ratio (DOR) were 
calculated and plotted with 95% confidence interval (CI). 
Summary receiver-operating characteristic curve (sROC) was 
plotted. Spearman’s correlation coefficient, inconsistency (I2), 
Chi-square test, and Cochran’s Q test were performed to 
test for heterogeneity. The pooled effect was calculated 
using a random-effects model of DerSimonian–Laird when 
heterogeneity was present (I2 > 50%, P < 0.05) and a 
fixed‑effects model of Mantel–Haenszel was utilized when 
no heterogeneity was found.

Sensitivity analysis
We conducted a sensitivity analysis test by leaving out 
Salem et al.’s study[28] as they used only Western-blot 
technique – which is a semiquantitative method – to 
measure the level of ApoA-1, whereas Li et al., 2014,[25] Li 
et al., 2011,[26] and Chen et al., 2010[27] used ELISA which 
is a quantitative method. In addition, we assessed if Salem 
et al.’s study was the source of the statistical heterogeneity. 
Therefore, a sensitivity analysis was conducted to investigate 
the effect of Salem et al.’s study by leaving it out.
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Ethics compliance
This study is a systematic review of available evidence and 
is IRB exempt.

RESULTS

Selected studies and extracted data
Four studies were included in this meta-analysis.[25-28] The 
total number of participants was 771, including 417 bladder 
cancer patients and 354 controls. The controls were either 
healthy individuals or patients with benign condition as 
cystitis or hernia. In the studies by Li et al., 2011,[26] Li et al., 
2014,[25] and Chen et al., 2010,[27] the urine samples used for 
validation of ApoA-1 as a diagnostic biomarker were blinded 
to the examiners as the samples were anonymously labeled 
and numbered, while in the Salem et al.’s study in 2019,[28] 
the examiners knew beforehand which samples belonged 
to which group. All studies measured the level of ApoA-1 

in the urine sample. Information about the included studies 
and the extracted data are shown in Tables 1-3.

Quality assessment
According to the QUADAS-2 tool,[30] two of the studies[25,28] 
had a high risk of bias regarding patient selection process, 
most of which was due to nonrandom or unclear selection 
of the participants, in addition to inappropriate exclusion 
criteria such as exclusion of patients with chronic kidney 
disease. As for the sample collection and validation in Salem 
et al.’s study in 2019,[28] sample randomization was not done 
and the investigators were not blinded to whether the 
samples were taken from bladder cancer patients or from 
controls; this introduces a high risk of bias. The time interval 
between ApoA-1 measurement, biopsy, and cystoscopy was 
not clearly stated in any of the studies, so we concluded the 
risk of bias to be unclear in the “flow and timing” domain 
in the QUADAS-2 tool [Figure 2].

Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for database searches and study selection
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Data analysis
The pooled sensitivity and specificity of ApoA‑1 were 
90.7% (95% CI, 87.5%–93.3%) and 90% (95% CI, 
86.1%–93%), respectively [Figure 3], and the pooled 
DOR was 99.424 (95% CI, 29.6–333.96). The pooled 

PLR was 9.478 (95% CI, 4.178–21.502), while the pooled 
NLR was 0.100 (95% CI, 0.073–0.138) [Figure 4]. For 
heterogeneity testing, the Spearman’s correlation coefficient 
was − 0.4, (P = 0.6), indicating no threshold effect [Table. 4]. 
The χ2 was 11.67, 27.34, 9.72, 5.57, and 10.15 for sensitivity, 
specificity, PLR, NLR, and DOR, respectively. The results of 
inconsistency test for the different estimates were significant 
for sensitivity (I2 = 74.3%, P = 0.009), specificity (I2 = 89%, 
P = 0.000), DOR (I2 = 70.4%, P = 0.017), and PLR (I2 = 69.1%, 
P = 0.021), while the estimation of heterogeneity for NLR 

Figure 2: Risk of bias summary and graph for the selected studies

Table 2: Tumor characteristics
Author Exclusion criteria Tumor type Tumor stage Tumor grade Notes

Salem et al., 2019[28] Not receiving any medications
No surgery or cystoscopy
No radiological interventions
No associated chronic diseases
No other type of tumors

TCC 36 (72%)
SCC 14 (28%)

Ta‑T1 (58%)
T2‑T4 (42%)

G1 and 
G2 50%
G3 50%

No renal 
failure

Li et al., 2014[25] No surgery or chemotherapy
No radiological interventions
No chronic urinary tract 
diseases

Bladder 
cancer

‑ ‑ No renal 
failure

Li et al., 2011[26] ‑ TCC ‑ Grade I, II 58
Grade III 49

No renal 
failure

Chen et al., 2010[27] ‑ Bladder 
cancer

Early stage 38
Advanced stage 11

LG 14
HG 35

‑

TCC=Transitional cell carcinoma, SCC=Squamous cell carcinoma, LG=Low grade, HG=High grade

Table 3: Data extracted
Study Controls Bladder cancer Cut‑off TP FP FN TN

Salem et al., 2019[28] 100 50 195.6* 50 0 0 100
Li et al., 2014[25] 156 223 19.21 ng/ml 199 24 24 132
Li et al., 2011[26] 49 107 18.22 ng/ml 98 7 9 42
Chen et al., 2010[27] 37 49 12 ng/ml 42 2 7 35

*Total protein normalization ratio. FN=False negative, FP=False positive, TN=True negative, TP=True positive

Table 1: Information about the selected studies
Author Country Method Assay type Control Golden standard

Salem et al., 2019[28] Egypt Case‑control Western blot Cystitis/normal Histopathological
Li et al., 2014[25] China Blinded sample validation Western blot/ELISA Normal Histopathological
Li et al., 2011[26] China Blinded sample validation ELISA Normal Cystoscopy with histopathological
Chen et al., 2010[27] Taiwan Blinded sample validation ELISA Hernia Histopathological

Figure 3: Pooled sensitivity and specificity of apolipoprotein A1
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was insignificant with (I2 = 46.1%, P = 0.135), indicating 
heterogeneity for reasons other than threshold effect. The 
sROC result showed that the area under the curve and 
Q* index was 0.9544 and 0.8965, respectively [Figure 5]. 
Detailed analysis of estimates is shown in Table 5.

Sensitivity analysis
The study of Salem et al.[28] was found to have a high 
risk of bias regarding the patient selection methodology, 
and the assay method was different than other studies; 
hence, we tried eliminating the study from the results. 
Following the exclusion, there was neither major effect on 
the sensitivity nor the specificity, as the new values were 
still within the 95% CI of the old values. However, the 
heterogeneity dropped substantially, indicating that Salem 
et al.’s study[28] was a possible source of heterogeneity in 
the data [Table 6].

DISCUSSION

Urinary biomarkers have been developed as noninvasive 
potential diagnostic markers for bladder cancer. One of 
these urinary biomarkers is the ApoA-1. ApoA-1 is the 
major structural protein component of HDL and present in 
other lipoproteins in smaller amounts.[32]

The current meta-analysis is the first to evaluate the 
diagnostic value of urinary ApoA-1 as a biomarker for 
bladder cancer. We have comprehensively searched and 
assessed the published literature regarding the role of 
ApoA-1 in bladder cancer. We have focused solely on 
the data regarding the level of the marker in the urine 
sample. Using the random-effects model, the overall pooled 
sensitivity and specificity of the urine ApoA‑1 were 90.7% 
and 90%, respectively.

In a meta‑analysis on sensitivity and specificity of urinary 
cytology for diagnosis of bladder cancer, they were reported 
to be 37% and 95%, respectively.[33] Furthermore, Yafi 
et al.[9] stated that urinary cytology has a low sensitivity of 
48% (16% for low-grade tumors and 84% for high-grade 
tumors) and a high specificity of 86%. Li et al.,[25] compared 
urine ApoA‑1 (89.2% sensitivity, 84.6% specificity) versus 
exfoliative urinary cytology (72.2% sensitivity, 90.4% 
specificity) and reported better sensitivity with ApoA‑1 
but better specificity with cytology. Thus, ApoA‑1 has 
higher sensitivity but with slightly lower or nearly similar 
specificity as urinary cytology. This means that urinary 
ApoA‑1 is better in detecting bladder cancer; however, 
cytology has a slight edge in ruling out the disease.

The U.S. FDA approved a few urinary biomarkers for 
diagnosis of bladder cancer, including fluorescent in situ 
hybridization UroVysion (FISH UroVysion), nuclear 

Figure 4: Pooled positive likelihood ratio negative likelihood ratio and diagnostic 
odds ratio of apolipoprotein A1

Figure 5: Summary receiver‑operating characteristic curve for apolipoprotein A1

Table 4: Moses’ model (D=a+bS), area under the summary receiver operating characteristic curve and Spearman’s correlation 
of apolipoprotein A1
Marker Variable Coefficient SE T P SE Spearman correlation

AUC Q* R P
Apo A1 a 4.318 0.301 14.359 0.0048 0.9544 0.8965 −0.400 0.600

b −0.818 0.544 1.503 0.2718 0.0100 0.0140

Tau‑squared estimate=0.0000, a=Intercept, b=Slope, coefficient b represents the dependency of test accuracy on threshold, b≠0 indicates heterogeneity. 
SE=Standard error, AUC=Area under the curve. Q* index=the point in receiver operating characteristic (ROC) curve space closest to the ideal top 
left‑hand corner and where test sensitivity and specificity are equal.
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matrix protein 22 assessed by point of care (NMP22-POC), 
bladder tumor antigen (BTA) STAT, and BTA TRAK. The 
sensitivities of FISH, NMP, BTA STAT, and BTA TRAK were 
72%, 50%, 70%, and 65%, respectively, and the specificities 
were 83%, 87%, 75%, and 65%, respectively.[6,34,35] Other 
non-FDA-approved urinary biomarker kits are available for 
bladder cancer diagnosis. They include UBC Rapid test, Xpert 
test, and Cx bladder with reported sensitivities of 53.3%, 
75.8%, and 82%, respectively, and specificities of 93.8%, 
84.6%, and 85%, respectively.[36,37] None of these available 
urinary biomarkers have achieved satisfactory diagnostic 
sensitivity and specificity to replace the combination of 
cystoscopy and cytology.[26]

In the current meta-analysis, ApoA-1 showed higher 
sensitivity and specificity than the previously mentioned 
biomarkers except for UBC Rapid test specificity, thus; 
ApoA-1 seems to be more accurate and promising in 

diagnosis of bladder cancer. In addition, ApoA-1 has an 
advantage in diagnosis of low-grade tumors when compared 
to other urinary biomarkers including BTA STAT, FISH 
UroVysion, and UBC Rapid test which were found to have 
low sensitivity in detection of low-grade tumors.[36,38,39] In 
contrast, Chen et al.[27] reported that ApoA-1 could detect 
low-grade early-stage tumors and differentiate them from 
nontumor with a sensitivity and specificity of 100% and 
83.8%, respectively, at a cutoff value of 7 ng/ml.

ApoA-1 was also reported to distinguish patients with 
low malignant TCC from patients with aggressive TCC of 
the bladder. Li et al. reported the cutoff to be 29.86 ng/ml 
with a sensitivity and specificity of 83.7% and 89.7%, 
respectively.[26]

Liver and intestine are the main sites for synthesis of 
Apos. Liver synthesis could be affected by diet, alcohol 
consumption, fibric acids or niacin, lipid‑lowering drugs, 
and various hormones including estrogens, androgens, 
insulin, glucagon, and thyroxin. On the other hand, lipid 
content in the diet is the main factor affecting intestinal 
synthesis of Apos.[40,41] Furthermore, the serum level of 
ApoA‑1 is reduced during inflammation, especially chronic 
inflammation, and is also affected by different types of 
cancer including ovarian cancer, colorectal cancer, and 
pancreatic cancer.[25,42,43] However, Salem et al. reported 

Table 5: Detailed analysis of the estimates of apolipoprotein A1
Estimate Value 95% CI I2 (%) χ2 Heterogeneity P Percentage weight

Sensitivity
Salem, 2019 1.000 0.929‑1.000 74.3 11.67 0.009
Li, 2014 0.892 0.844‑0.930
Li, 2011 0.916 0.846‑0.961
Chen, 2010 0.857 0.728‑0.941

Pooled sensitivity 0.907 0.875‑0.933
Specificity

Salem, 2019 1.000 0.964‑1.000 89.0 27.34 0.000
Li, 2014 0.846 0.780‑0.899
Li, 2011 0.857 0.728‑0.941
Chen, 2010 0.946 0.818‑0.993

Pooled specificity 0.900 0.861‑0.930
Positive LR

Salem, 2019 200.02 12.595‑3176.4 69.1 9.72 0.021 7.30
Li, 2014 5.800 4.003‑8.404 39.73
Li, 2011 6.411 3.221‑12.760 33.13
Chen, 2010 15.857 4.099‑61.337 19.84

REM pooled LR+ 9.478 4.178‑21.502
Negative LR

Salem, 2019 0.010 0.001‑0.155 46.1 5.57 0.135 21.11
Li, 2014 0.127 0.087‑0.187 48.47
Li, 2011 0.098 0.052‑0.185 17.98
Chen, 2010 0.151 0.076‑0.301 12.44

FEM pooled LR− 0.100 0.073‑0.138
DOR

Salem, 2019 20,301.0 397.00‑1,038,114 70.4 10.15 0.017 7.71
Li, 2014 45.604 24.852‑83.685 37.32
Li, 2011 65.333 22.822‑187.04 31.43
Chen, 2010 105.00 20.486‑538.18 23.54

REM pooled DOR 99.424 29.600‑333.96

I2=Inconsistency test, REM=Random effects model, FEM=Fixed effects model, LR=Likelihood ratio, DOR=Diagnostic odds ratio, CI=Confidence interval

Table 6: Apolipoprotein A1 test performance following 
exclusion of Salem et al., 2019
Parameter Pooled 

value
New 95% 

CI
Heterogeneity 

I2 (%)

Sensitivity 0.9‑0.89 0.86‑0.92 74.3‑0
Specificity 0.9‑0.86 0.81‑0.90 89.0‑35.1
DOR 99.4‑53.5 32.43‑88.25 70.4‑0

CI=Confidence interval, I2=Inconsistency test, DOR=Diagnostic odds 
ratio
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that the significantly higher levels of urinary ApoA-1 
in patients with bladder cancer were not correlated 
to their corresponding blood levels, which showed no 
significant difference between the malignant group and 
the control group.[28] Furthermore, ApoA-1 is not released 
from bladder tumor cells. Li et al.,[25] analyzed bladder 
epithelium and tumor tissues and reported that ApoA-1 
was expressed neither in bladder cancer tissues nor in 
morphologically normal bladder tissue. Thus, the source of 
ApoA-1 remains unclear. The combination of a biomarker 
and a gold standard test could enhance the early detection 
and diagnosis of bladder cancer.[44] Li et al.[25] showed 
that ApoA-1 combined with cytology resulted in higher 
sensitivity and decreased misdiagnosis. The application of 
exfoliative urinary cytology in combination with the urine 
Apo‑A1 detection significantly increased the sensitivity of 
cytology in detecting bladder cancer from 72.2% (alone) 
to 93.7% (combined).[25] This combination could also be 
used for high-risk patients, for whom cytology is indicated 
including patients with persistent asymptomatic microscopic 
hematuria or microscopic hematuria with risk factors such 
as irritative voiding symptoms, tobacco use, or chemical 
exposure.[16] Lotan et al. used a nomogram based on age, 
gender, smoking status, ethnicity, and hematuria in addition 
to NMP22 to predict Bladder cancer in patients presenting 
with hematuria.[45] They reported 23 (6%) patients with 
bladder cancer. The predictive accuracy of that model was 
0.79. The same could be applied using Apo-A1.

Heterogeneity is a potential problem when conducting 
a meta-analysis study,[46] it is caused by either the 
threshold effect, where the different cut-off values 
for the different studies is the cause of different 
sensitivities and specificities, or other factors such as 
the patients, methodology of testing, and different 
settings (nonthreshold effect).  The Spearman’s 
correlation coefficient r is calculated between the logit 
of sensitivity and logit of 1-specificity. A strong positive 
correlation would suggest threshold effect.[31] In our case, 
r = −0.4 (P = 0.6) that means the threshold effect played 
no role in heterogeneity of estimates. For heterogeneity 
by nonthreshold effect, Cochran’s Q and inconsistency I2 
tests were employed.[47] The result of I2 showed significant 
heterogeneity for all estimates, except for NLR. We 
investigated for the sources of heterogeneity and found 
the following: First, the study of salem et al. was a main 
source of heterogeneity in the data. Second, the different 
ethnicities for the patients as 3 studies included asian 
patients and one study included Egyptian patients. 
Lastly, the clinical characteristics of the patients such as 
tumour stage and grade were not consistent among the 
different studies [Tables 1 and 2]. All these factors could 
have contributed to the heterogeneity [Tables 1 and 2].

The reliability of different studies assessing biomarkers 
including urinary biomarkers is affected by patient selection. 

The patients and controls in these studies should reflect the 
real world. When assessing for the first diagnosis of bladder 
cancer, both cases and controls should be undergoing 
investigations for suspected bladder cancer, e.g., patients 
presenting with hematuria. If assessing for early detection of 
recurrence, all participants should be patients with previous 
resection of nonmuscle-invasive bladder cancer who are 
undergoing surveillance for disease recurrence. However, 
bias could be observed in many of these studies due to 
many reasons including recruitment of advanced disease 
versus healthy participants to improve the sensitivity and 
specificity of the biomarkers and also recruitment of patients 
with large primary tumors, whereas the aim of the study is 
to diagnose small early recurrence.[48] In the four studies of 
the current meta-analysis, the control groups were healthy 
individuals, patients with hernia, or patients with chronic 
urinary diseases. It was not clear whether the indication 
of cystoscopy for these patients was to exclude suspected 
bladder cancer or was due to other reasons. In addition, 
four studies just confirmed that the urine samples were from 
patients diagnosed with bladder cancer based on cystoscopy 
and biopsy, but the timing of sample in relation to biopsy 
was not clear as well as indications for biopsy whether 
patients were in surveillance setting or were symptomatic. 
Future studies should recruit patients/controls who are 
undergoing cystoscopy for suspected bladder cancer or 
undergoing cystoscopies as a part of the follow-up protocol 
after previous resection of nonmuscle-invasive bladder 
cancer. In the current meta-analysis, three studies used 
ELISA whereas the fourth study used Western blot. This 
is a limitation to the present study due to heterogeneity 
of used tests. Western blot may be less sensitive than 
ELISA as Western blot is semiquantitative whereas ELISA 
is quantitative test. However, the single study that used 
Western blot showed 100% sensitivity and specificity in 
differentiating patients with bladder cancer from control 
group.[28] Furthermore, Li et al. used Western blot than 
ELISA and reported significant difference in the level of 
ApoA-1 with both techniques.[25] However, whether to use 
Western blot or ELISA should be evaluated in future studies. 
We conducted a sensitivity analysis test by leaving out 
Salem et al.’s study[28] to investigate its effect. Following its 
exclusion, there was major effect on neither the sensitivity 
nor the specificity. However, the heterogeneity dropped 
substantially, indicating that Salem et al.’s study[28] was a 
possible source of heterogeneity in the data.

There was no follow-up for FP cases among controls in the 
recruited studies. However, it was reported in the literature 
that molecular changes may precede clinical findings up to 
many months earlier.[49] Thus, what appeared as FP may 
be actually TP. Unfortunately, this was not assessed in the 
recruited studies.

Several strengths are present in our study. All included 
studies used the same gold standard for diagnosis of bladder 
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cancer. In addition, the included studies used reliable 
methods to quantify the level of ApoA-1 and to explore its 
diagnostic value. Furthermore, this is the first meta‑analysis 
to assess the diagnostic accuracy of urine ApoA-1 in detecting 
bladder cancer.

Some limitations are to be considered in the current 
meta-analysis. The number of studies was limited. They 
were primarily from Asia. In addition, heterogeneity was 
present in the results due to the several factors discussed 
previously. We also noted high risk of bias in some of the 
included studies due to either the patient selection or 
methodology.[50] Furthermore, there was inappropriate 
exclusion of some candidates in the included studies, 
for example, the exclusion of the patients with chronic 
systemic illness in some studies may have introduced bias. 
Some studies recruited only patients with TCC, while 
other studies did not exclude patients with squamous 
cell carcinoma or other types and just reported the cases 
as bladder cancer. The distribution of high-grade versus 
low-grade cases or noninvasive versus muscle-invasive 
cases was clear in some studies but not reported in other 
studies. Furthermore, three of the included studies have 
excluded patients with renal failure, while the fourth 
study did not report that which make the results of the 
current meta-analysis may be not applicable for patients 
with renal failure. Some studies excluded patients on 
chemotherapy or medications. This may not replicate 
the real world as many patients on bladder cancer 
surveillance already received intravesical BCG. Finally, 
subgroup analysis was not performed (i.e. evaluation 
of ApoA-1 to discriminate between low-grade vs. 
high-grade tumors or early stage vs. advanced stages) 
due to insufficient clinical data. Thus, any future study 
on urinary biomarkers for diagnosis of bladder cancer 
should take these points into consideration. In addition, 
ApoA-1 should be evaluated for the possible correlation 
with prognosis including survival in patients with bladder 
cancer. Further, ApoA-1 is a lipoprotein with serum 
and urinary level that may be affected by other medical 
conditions or drugs as lipid‑lowering drugs; however, 
Jurukovska-Nospal et al. found that atorvastatin has 
no significant effect on the serum level of ApoA‑1, till 
now there is no significant evidence on the effect of 
lipid-lowering drug on the urinary level of ApoA-1 and 
remains under investigations.[51]

CONCLUSIONS

Urinary ApoA‑1 showed high sensitivity and specificity 
even higher than FDA-approved urinary biomarkers. 
ApoA-1 seems to be a promising biomarker in diagnosis of 
bladder cancer. More studies should be done to assess the 
value of ApoA-1 in different grades and stages of bladder 
cancer. Studies should be conducted with proper design 
and implementation to decrease bias as much as possible.
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