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Exploring Apolipoprotein A1 As A Liquid Biopsy Biomarker For Diagnosis 
Of Low-Grade Bladder Cancer 
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ABSTRACT
Bladder cancer is known for its high recurrence rate, necessitating frequent invasive and costly re-examinations. 
The development of a non-invasive diagnostic method utilizing urinary biomarkers could greatly enhance early 
detection and monitoring. This study investigates apoA1 as a potential non-invasive marker for diagnosing low-
grade bladder cancer. A total of 60 participants were enrolled, including 50 males and 10 females, with a median 
age of 63. Using fully automated ELISA, urinary ApoA1 levels were assessed, and a cutoff value of 190 ng/ml 
was determined. ApoA1 exhibited a sensitivity of 89.4% and a specificity of 85% for distinguishing low-grade 
bladder cancer from high-grade cases. The study concludes that urinary ApoA1 demonstrates high diagnostic 
accuracy and is a promising liquid biopsy biomarker for early detection of low-grade bladder cancer, offering an 
alternative to invasive diagnostic methods.
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INTRODUCTION
It is expected to find bladder tumors in the urology department. These 
tumors have a very high rate of recurrence compared to other types of 
tumors. In 2022, it is projected that a total of 81,180 individuals will 
receive new diagnoses of bladder cancer, with 61,700 cases affecting 
males and 19,480 affecting females (1). The incidence rate of bladder 
cancer is four times higher in men than in women (2).  Additionally, the 
risk of developing bladder cancer increases with age, with individuals 
aged 80 and above, both males and females, facing the highest risk 
(3). Furthermore, with a significant mortality rate, it is expected that 
17,100 individuals die from the disease within the same year. Although 
urothelial bladder carcinomas are primarily detected in their early, 
non-muscle invasive stage, approximately one-third of cases progress 
into aggressive recurrent disease despite this initial identification (4). 
Bladder cancer diagnosis poses significant challenges for clinicians 
due to the limited diagnostic tools available (5). 

The current gold standard, cystoscopy, while effective, often leads to 
complications such as pain, urinary tract infections, and hematuria (6). 
Additionally, urine cytology, a non-invasive method of examining cells 
from urine samples, is commonly used for diagnosis and surveillance. 
However, it suffers from limitations, including high specificity (86%) 
but low sensitivity (48%), resulting in poor interobserver variability, 
especially in grading urothelial carcinoma (7). Current diagnostic 
techniques for bladder cancer, such as cystoscopy and cytology, while 
effective, are invasive, uncomfortable, and costly. Consequently, 
there is a pressing need for non-invasive diagnostic markers that offer 
accuracy and patient comfort (8).

In recent years, researchers have increasingly focused on identifying 
urinary biomarkers for bladder cancer diagnosis. Among these 
biomarkers, apolipoprotein A1 (apoA1) has emerged as a promising 
candidate (9). ApoA1, a protein constituent of High-density lipoprotein 
(HDL), is essential for lipid metabolism and has been implicated in 

various physiological processes, including inflammation and immune 
response  (10). Studies investigating the capability of apoA1 as 
a noninvasive marker for bladder cancer analysis have shown 
encouraging results. ApoA1 has demonstrated high sensitivity and 
specificity in distinguishing patients with bladder cancer from healthy 
individuals, suggesting its potential utility in clinical practice (11).
This research aims to delve deeper into the role of apoA1 as a 
noninvasive marker for diagnosing low-grade bladder cancer. 

MATERIALS AND METHODS 
Subjects in the study 
This cross-sectional study was conducted in Iraq in 2023. All patients 
enrolled were diagnosed with bladder cancer through histopathological 
confirmation, and none had received radiation or chemotherapy before 
their inclusion. Additionally, patients with symptoms of renal failure 
were excluded from the study. Ethical approval for the study protocol 
was obtained from the Ethics Committee of Al-Nahrain University 
(Approval No.1367, Date: 29/2/2023). All participants provided 
informed consent before their inclusion in the study, ensuring voluntary 
participation and the protection of their privacy.Urine samples were 
collected at Al-Saffer Hospital in Karbala, Iraq, in accordance with the 
guidelines set by the Ethics Committee. The research was conducted 
at the Biochemistry Department's laboratory, College of Medicine, 
University of Al-Nahrain. Sample collection spanned from March 1, 
2023, to September 30, 2023.

Urinary sample preparation 
The samples containing approximately 20 ml were obtained as the 
first urine of the day (mid-stream) and promptly placed into a sterile 
container. Subsequently, the sample is subjected to centrifugation to 
eliminate any particulate matter. After centrifugation, the clarified 
urine samples were stored at (-20°C) until it was testing.
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Enzyme-linked immunosorbent assay (ELISA) 
ApoA1 levels were quantified by fully automated ELISA, employing 
quantitative Immunoassay Kits from (ELK Biotechnology, CHN), 
following the manufacturer's protocol. The test principle utilized in 
this kit is the Sandwich enzyme immunoassay. The color change is 
quantified using spectrophotometry, specifically at a wavelength of 
450nm. The concentration of ApoA1 in the samples is determined by 
correlating the samples' optical density (OD) with the standard curve.

Statistical analysis
The study employed Receiver Operating Curve (ROC) analysis 
to determine the optimal cutoff point and evaluate the diagnostic 
performance of urinary ApoA1 as a biomarker. The analysis also 
considered the 95% confidence interval (CI) for the ROC to ensure 
accuracy. SPSS statistical package (version 26) was used for all 
statistical testing. Descriptive statistics were applied to summarize 
demographic and clinical characteristics of the participants, while 
ROC analysis was utilized to assess sensitivity, specificity, and the area 
under the curve (AUC). The statistical significance was set at *P-value 
< 0.05, and all data were analyzed using SPSS (IBM Corp, Armonk, 
NY, USA).

RESULT 
Demographic features and clinical characteristics of studied 
groups.
To assess urinary ApoA1 protein levels, the study included 60 bladder 
cancer patients, consisting of 50 males (83.3%) and 10 females 
(16.7%). The median age for individuals with bladder tumors was 
63. Among the cases, 54 patients (90%) were aged over 50 years. 
The grade distribution consisted of 48 patients with low-grade and 12 
patients with high-grade.

Evaluating the diagnostic effectiveness of urinary ApoA1 
The data unequivocally demonstrates that the concentration of ApoA1 
in the urine of persons with low grade bladder cancer is significantly 
elevated compared to that of high-grade bladder cancer (P < 0.001). 
Using a cutoff value of 190 ng/ml, ApoA1 had a sensitivity of 89.4% 
and a specificity of 85% in differentiating bladder cancer from low-
grade and high-grade bladder cancer. The diagnosis was established 

using the optimal threshold value advised by (ROC) curve, as depicted 
in Figure 1. The ultimate clinical diagnosis was determined using 
histological findings.

DISCUSSION 
In recent times, there has been a growing anticipation for the use of 
"liquid biopsy" as a diagnostic tool that does not require invasive 
procedures (12). Consequently, there have been substantial endeavors 
to create new urine markers that exhibit better diagnostic capabilities 
compared to urinary cytology (13). The urine biomarker for diagnosing 
bladder cancer, which includes bladder tumor antigen (BTA) 
STAT and BTA TRAK, has been approved by the U.S. FDA. The 
sensitivities of BTA STAT and BTA TRAK were (64-69%) and (62-
71%), respectively, while their specificities were (73-77%), (45-81%) 
respectively (14).

The current study confirmed the urine level of ApoA1 with sensitivity 
and specificity of 89.4% and 85%, respectively; ApoA1 seems to be a 
promising liquid biopsy to diagnosis low-grade bladder cancer, Urinary 
ApoA1 shows high expression in low-grade bladder cancer cases, while 
patients with high-grade bladder cancer exhibit lower levels. Our result 
aligns with nearly several studies conducted among the Chinese and 
Indians population. (15-18). A meta-analysis of ApoA1 stat reported 
a specificity of 90.7% and a sensitivity of  90%  after reviewing 
Four studies with 771 participants, which shows high sensitivity and 
specificity compared with cytology (9). The following investigations 
have consistently demonstrated the diagnostic importance of ApoA1 
in the detection of tumor grades. Studies have consistently discovered 
increased levels of ApoA1 in ovarian, colorectal, and pancreatic 
cancers (19). 

Salem, Hosni, et al. suggest ApoA1 Urinary Apo a1 has the potential 
to serve as a non-invasive and extremely sensitive diagnostic and 
monitoring biomarker for bladder cancer (15). Li, Hongjie, et al. 
Demonstrate that ApoA1 may serve as a promising biomarker associated 
with the early detection of bladder cancer (16). Li, Changying, et al. 
Propose that urine Apo A1 could serve as a supplementary marker for 
urinary cytology in detecting bladder cancer. (17). 

The Receiver Operating Characteristic (ROC) analysis showed that 
the diagnosis accuracy was 0.901 at a cut-off value of ≤ 190 ng/ml. 
Despite this, this result was higher than that reported in China (16, 17), 

Figure 1.  ROC curve of urinary Apo-A1 as a detection marker for bladder cancer grades with 60 urine samples. The optimal cutoff was 190 ng/
ml, and the AUC obtained was 0.901 (95% CI 0.813–0.957)
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while the result was close to that reported in Egypt  (15). Our results 
demonstrated the presence of ApoA1 in urine, suggesting that ApoA1 
could serve as a promising diagnostic biomarker for low-grade bladder 
cancer.

LIMITATIONS OF THE STUDY
The limited number of participants (n=60) reduces the ability to 
generalize the findings to larger populations.

FUTURE ACTION PLAN
Conducting studies with larger and more diverse populations to validate 
the diagnostic accuracy of ApoA1 across different ethnic groups and 
clinical settings.

CONCLUSION 
The high sensitivity and specificity of urinary ApoA1 make it a 
promising liquid biopsy biomarker for the early diagnosis of low-
grade bladder cancer.
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