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A B S T R A C T 

Bladder Cancer 

 

Bladder cancer (BC) is the fourth most common malignant tumor in the 

United States. It is the second most common cancer of the urinary 

system, accounting for 7% of all new cancer cases. It is also the fifth 

deadliest cancer, accounting for 4% of all cancer-related deaths in the 

United States. The male to female ratio of morbidity and mortality is 

about 3:1 [1]. Risk factors are related to age, family history, and genetic 

factors, environment, diet, and lifestyle, especially smoking and 

exposure to aromatic amines [2-5]. Cigarette smoking is the single 

greatest risk factor for BC [6, 7]. Smokers are more than twice as likely 

to develop BC than non-smokers [8]. In muscle-invasive and metastatic 

bladder cancer, there is a causal relationship between tobacco exposure 

and cancer, of which the principal preventable risk factor for the muscle-

invasive disease is active and passive smoking [6, 7]. There is a well-

established relationship between schistosomiasis and squamous cell 

carcinoma of the bladder [6]. Exposure to chemotherapy and pelvic 

radiation is also considered as a risk factor for BC [6]. Other known risk 

factors include the ingestion of high levels of arsenic or significant usage 

of pain relievers containing finazepine [3, 9]. 

 

Bladder Cancer Diagnosis 

 

The most common symptom of BC is painless hematuria, which should 

be followed by physical examination, cystoscopy, urinary cytology, and 

imaging of the upper urinary tract (UUT). Both computed tomography 

(CT) and magnetic resonance imaging (MRI) may be used to detect stage 

T3b or higher BC. Studies suggest that FDG-PET/CT might have 

potential clinical use for staging metastatic BC [10, 11].  

 

Treatment for Bladder Cancer 

 

For treatments of non-muscle invasive BC (NMIBC, stage Ta-T1 and 

carcinoma in situ (CIS)), a combination of conventional surgery 

(transurethral resection of bladder tumor (TURBT)), intravesical 

chemotherapy, and immunotherapy are applied [12]. For patients with 
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high-risk diseases and those whose diseases are difficult to treat, 

cystectomy may be necessary [12].  

 

For the treatment of muscle-invasive BC (MIBC, stage T2 to T3 and 

CIS), the two principal treatment choices are radical cystectomy (RC) 

and TURBT, with concurrent radiation therapy using a radiosensitizer 

and systemic chemotherapy (multi-modality therapy) [6]. Standard 

treatment for patients with MIBC is radical cystectomy; however, this 

treatment only provides 5-year survival in about 50% of patients. The 

use of chemotherapy is beneficial to improving both survival and patient 

outcomes [6]. A paper published in 2005 demonstrated a significant 5% 

absolute survival benefit in favor of neoadjuvant chemotherapy (NAC) 

[13]. This study also showed that only cisplatin combined chemotherapy 

could produce significant therapeutic effects [13].  

 

More modern chemotherapeutic regimens, such as 

gemcitabine/cisplatin, which are effective in metastatic disease, have 

also shown efficacy in the neoadjuvant setting [14, 15]. Adjuvant 

chemotherapy (AC) after RC can be used for high-risk M0 patients, such 

as those with pT3/4 and/or lymph node–positive (N+) disease [16]. A 

retrospective study from 2009 compared the long-term outcome of 

preoperative versus no preoperative radiation therapy (RT) in clinical 

T1-3 tumors [17]. The study showed that preoperative RT could lead to 

a reduction in order to prolong progression-free survival (PFS) [17]. 

External beam radiation therapy (EBRT) may be given preoperatively 

(neoadjuvant), postoperatively (adjuvant), or as radical treatment for 

patients with muscle-infiltrating cancer with no proven metastases to 

lymph nodes or distant metastases [6]. For the patients without lymph 

node metastasis or distant metastasis, external beam radiation therapy 

(EBRT) can be given before operation (neoadjuvant), after operation 

(adjuvant) or as radical treatment [6].  

 

Metastatic BC is a serious disease. Before the development of effective 

chemotherapy, patients with the metastatic disease rarely had a median 

survival that exceeded 3-6 months [6]. The 5-year survival rate of 

patients with metastatic bladder cancer was previously estimated to be 

5% [18]. The current estimated 5-year survival is 10% [2]. 

Chemotherapy is still the standard treatment for metastatic bladder 

cancer; however, patients with ineffective or poorly tolerated 

chemotherapy still have poor prognosis [6]. The recent discovery of 

innovative  immunotherapies based on the programmed death ligand-1 

(PD-L1) inhibitors, such as avelumab, durvalumab, nivolumab and 

atezolizumab, are promising for patients who are considered unsuitable 

for chemotherapy [19, 20]. 

 

Bladder Cancer Classification 

 

Traditionally, BC has been classified into NMIBC or MIBC, and most 

of BC belong to transitional cell carcinoma (TCC) [21]. Recent efforts 

classifying phenotypes based on molecular characteristics reported 

several BC phenotypes. For example, there are University of North 

Carolina (UNC), MD Anderson Cancer Center (MDA), The Cancer 

Genome Atlas (TCGA), Lund University (Lund), and Broad Institute of 

Massachusetts Institute of Technology and Harvard University (Broad) 

classification. 

 

 

Biosensors for Detection of Bladder Cancers Using Urine  

 

Researchers’ efforts to reduce costs of BC diagnosis and improve 

patients’ quality of life by avoiding unnecessary invasive diagnostic tests 

resulted in findings of promising urinary biomarkers for the detection of 

BC such as telomerase, nuclear matrix protein 22 (NMP22), cytokeratin 

19, etc. [22]. Along with the discovery of urinary biomarkers, biosensors 

for detecting those biomarkers have been developed, which can offer low 

detection limits, a wide linear response range, good stability and, good 

reproducibility [23].  

 

The biosensor is a device that transforms a biological response into a 

quantifiable and processable signal. The key components of biosensors 

are a bioreceptor and a transducer. The bioreceptor is a molecule that 

specifically recognizes the analyte, such as enzyme, antibody, and 

protein, while the transducer is an element that converts the bio-

recognition event into a measurable signal, which classifies the types of 

the biosensors. The biosensors for BC diagnosis with voided urine can 

be typically categorized into two groups, an optical biosensor and an 

electrochemical biosensor. The optical biosensor emits an optical signal 

which is proportional to the concentration of a measure substance 

(analyte) whereas electrochemical biosensor converts biological event to 

an electronic signal. 

 

From early research, the optical biosensor has been the most commonly 

used biosensor to screen target biomarkers in urine [24-27]. Shin et al. 

developed the optical biosensor with silicon microring resonators to 

detect DNA biomarkers (fibroblast growth factor receptor 3 and Harvey 

RAS) in urine [24]. They successfully demonstrated linear wavelength 

shifts pattern in a different concentration range of target biomarkers. Due 

to the intrinsic advantage of silicon fabrication, a highly sensitive and 

specific platform was achieved for diagnosis and surveillance of BC. As 

another prominent urinary biomarker for BC diagnosis, telomerase 

activity’s detection was conducted using a fluorescence method and a 

colorimetric method on the optical biosensor [25, 27].  

 

Xu et al. established the label-free colorimetric optical biosensor based 

on the merits of hemin-graphene nanomaterial, such as easiness of 

synthesis, stability, and reliability. The sensor was validated its 

performance by changing colour from light blue to dark blue as 

telomerase activity increased due to chromogenic reaction. To detect 

telomerase activity, not only the optical biosensor but also the 

electrochemical biosensor can be applied with good reproducibility and 

selectivity [28]. The electrochemical biosensor was realized using 

methylene blue (MB) as a G-quadruplex binding on indium tin oxide. 

The large amount of MB bounded to G-quadruplexes under the activity 

of telomerase resulted in sharply decreasing diffusion current of MB. Ma 

et al. proved the effectiveness of the electrochemical immunosensor 

(affinity-biosensor) for detecting NMP22 on graphene oxide-

tetraethylene pentaamine and trimetallic AuPdPt nanoparticles [29]. It 

achieved high accuracy in real urine sample, showing differential pulse 

voltammetry responses of the immunosensor towards different 

concentrations of NMP22. Another transducer, a high stability indium 

gallium zinc oxide field effect transistor (IGZO-FET), was utilized to 

build the electrochemical biosensor for capturing the NMP22 [30]. The 

IGZO-FET sensor was tested with real urine samples from BC patients, 
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and it was able to detect NMP22 with high sensitivity, selectivity, and 

detection limit. 

 

Point-of-Care Detection Device for Bladder Cancer Using Urine 

 

It is widely known that screening and early diagnosis of cancer are key 

to improving the likelihood of recovery and 5-year survival. 

Consequently, many studies have been conducted to develop a point-of-

care (POC) device for BC detection, which responds fast and diagnoses 

non-invasively. The POC device should be low-cost, portable, reliable, 

and disposable. 

 

To satisfy such requirements, a lab-on-a chip (LOC) technique has been 

investigated. It is reported that Liang et al. developed an integrated 

double-filtration microfluidic LOC device, which isolates, enriches, and 

quantifies urinary extracellular vesicles to assist in screening for bladder 

cancer at the POC [31]. The device detects the multiple biomarkers of 

BC and transfers diagnostic data in the patient’s urine sample to the user 

through wireless communication using a cell phone. In addition, Geng 

et al. developed a microfluidic chip using polydimethylsiloxane (PDMS) 

to form a channel using a cast molding method, with a sliding glass 

coverslip as the substrate to detect BC biomarkers [32]. The chip 

converts different concentrations of biomarkers in urine to fluorescence 

intensity of image, which is a quantifiable signal. Chuang et al. have 

reported that an immunosensor chip as POC test device for detection of 

BC biomarker (Galectin-1 protein) realized with a photolithographically 

patterned gold microelectrode array [33]. They also designed a portable 

impedance measurement readout device for this chip, which transferred 

the data to the computer for improved monitoring.  

 

A few commercial POC diagnosis devices are approved by FDA for BC 

detection and surveillance, such as UBC rapid, NMP22 BladderChek 

and BTA-STAT. UBC rapid detects cytokeratin fragments 8 and 18 in 

the urine to diagnose BC. It takes only 10 minutes to get the result and 

has the closest sensitivity of cytology in high-grade tumors [34]. NMP22 

BladderCheck utilizes the detection of NMP22 as can be guessed from 

its name, and it takes 30 minutes to diagnose with high specificity. BTA 

Stat Test detects the presence of bladder tumor associated antigen (BTA) 

in 5 minutes. Some insists that it has higher potential in detection of early 

grade BC than cytology [35]. Much of the research has been done to 

evaluate the commercial test kit by ethnicity, case number, gender and 

so on [36-41].  

 

As of now, cytology is the only recommended guidelines internationally 

for diagnosing BC. The aforementioned commercial POC devices have 

been used in combination with cystoscopy to improve the accuracy. To 

use the commercial POC as a standalone BC diagnosis devices, there 

should be more meta-analyses with various conditions such as age, 

gender, genetic factors, environment, and lifestyle. 

 

Conflicts of Interest  

 

None. 

 

Funding  

 

This research was funded by National Institutes of Health 

(1U01DK103260, 1R01DK100974, U24 DK097154, NIH NCATS 

UCLA CTSI UL1TR000124), Department of Defense (W81XWH-15-

1-0415 and W81XWH-19-1-0109), Centers for Disease Controls and 

Prevention (1U01DP006079), and the U.S.-Egypt Science and 

Technology Development Fund by the National Academies of Sciences, 

Engineering, and Medicine (all to J.K.). This article is derived from the 

Subject Data funded in whole or part by National Academies of 

Sciences, Engineering, and Medicine (NAS) and The United States 

Agency for International Development (USAID). Any opinions, 

findings, conclusions, or recommendations expressed in this article are 

those of the authors alone, and do not necessarily reflect the views of 

USAID or NAS. 

 

Acknowledgements 

 

This research was supported by the Samuel Oschin Comprehensive 

Cancer Institute (SOCCI) at Cedars-Sinai Medical Center through 2019 

Lucy S. Gonda Award.  

 

Author Contributions 

 

Research conception and design: JK, SJ. Data analysis and 

interpretation: HP, JK. Drafting of the manuscript: HP, JK. Critical 

revision of the manuscript: JK, SJ. Supervision: JK, SJ. Approval of the 

final manuscript: all authors. 

REFERENCES 

 

1. Siegel RL, Miller KD, Jemal A (2019) Cancer statistics, 2019. CA 

Cancer J Clin 69: 7-34. [Crossref] 

2. Anderson B (2018) Bladder cancer: overview and management. Part 2: 

muscle-invasive and metastatic bladder cancer. Br J Nurs 27: S8-S20. 

[Crossref] 

3. Pelucchi C, Bosetti C, Negri E, Malvezzi M, La Vecchia C (2006) 

Mechanisms of disease: The epidemiology of bladder cancer. Nat Clin 

Pract Urol 3: 327-340. [Crossref] 

4. Mitra AP, Cote RJ (2009) Molecular pathogenesis and diagnostics of 

bladder cancer. Annu Rev Pathol 4: 251-285. [Crossref] 

5. Ruder AM, Fine LJ, Sundin DS (1990) National estimates of 

occupational exposure to animal bladder tumorigens. J Occup Med 32: 

797-805. [Crossref] 

6. Witjes JA, Comperat E, Cowan NC, De Santis M, Gakis G et al. (2016) 

EAU guidelines on muscle-invasive and metastatic bladder cancer. 

7. Babjuk M, Böhle A, Burger M, Capoun O, Cohen D et al. (2017) EAU 

Guidelines on Non-Muscle-invasive Urothelial Carcinoma of the 

Bladder: Update 2016. Eur Urol 71: 447-461. [Crossref] 

8. Fankhauser CD, Mostafid H (2018) Prevention of bladder cancer 

incidence and recurrence: nutrition and lifestyle. Curr Opin Urol 28: 

88-92. [Crossref] 

9. Castelao JE, Yuan JM, Gago-Dominguez M, Yu MC, Ross RK (2000) 

Non-steroidal anti-inflammatory drugs and bladder cancer prevention. 

Br J Cancer 82: 1364-1369. [Crossref] 

10. Yang Z, Cheng J, Pan L, Hu S, Xu J et al. (2012) Is whole-body 

fluorine-18 fluorodeoxyglucose PET/CT plus additional pelvic images 

Clin Oncol Res  doi:10.31487/j.COR.2020.06.11       Volume 3(6): 3-4 

https://pubmed.ncbi.nlm.nih.gov/30620402/
https://pubmed.ncbi.nlm.nih.gov/30281356/
https://pubmed.ncbi.nlm.nih.gov/16763645/
https://pubmed.ncbi.nlm.nih.gov/18840072/
https://pubmed.ncbi.nlm.nih.gov/2074501/
https://pubmed.ncbi.nlm.nih.gov/27324428/
https://pubmed.ncbi.nlm.nih.gov/29211694/#:~:text=SUMMARY%3A%20Several%20dietary%20items%20and,can%20decrease%20bladder%20cancer%20incidence.
https://pubmed.ncbi.nlm.nih.gov/10755416/


Development of Non-Invasive Biosensor Devices for the Detection of Bladder Cancer in Urine               4 

 

(oral hydration-voiding-refilling) useful for detecting recurrent bladder 

cancer? Ann Nucl Med 26: 571-577. [Crossref] 

11. Maurer T, Souvatzoglou M, Kübler H, Opercan K, Schmidt S et al. 

(2012) Diagnostic efficacy of [11C]choline positron emission 

tomography/computed tomography compared with conventional 

computed tomography in lymph node staging of patients with bladder 

cancer prior to radical cystectomy. Eur Urol 61: 1031-1038. [Crossref] 

12. Vahr S, De Blok W, Love-Retinger N, Jensen BT, Turner B et al. 

(2015) Evidence-based guidelines for best practice in urological health 

care: intravesical instillation with mitomycin C or bacillus calmette-

guérin in non-muscle invasive bladder cancer.  

13. Advanced Bladder Cancer Meta-analysis Collaboration (2005) 

Neoadjuvant chemotherapy in invasive bladder cancer: update of a 

systematic review and meta-analysis of individual patient data 

advanced bladder cancer (ABC) meta-analysis collaboration. Eur Urol 

48: 202-205; discussion 205-206. [Crossref] 

14. Yuh BE, Ruel N, Wilson TG, Vogelzang N, Pal SK (2013) Pooled 

analysis of clinical outcomes with neoadjuvant cisplatin and 

gemcitabine chemotherapy for muscle invasive bladder cancer. J Urol 

189: 1682-1686. [Crossref] 

15. Lee FC, Harris W, Cheng HH, Shenoi J, Zhao S et al. (2013) Pathologic 

Response Rates of Gemcitabine/Cisplatin versus 

Methotrexate/Vinblastine/Adriamycin/Cisplatin Neoadjuvant 

Chemotherapy for Muscle Invasive Urothelial Bladder Cancer. Adv 

Urol 2013: 317190. [Crossref] 

16. Witjes JA, Lebret T, Compérat EM, Cowan NC, De Santis M et al. 

(2017) Updated 2016 EAU Guidelines on Muscle-invasive and 

Metastatic Bladder Cancer. Eur Urol 71: 462-475. [Crossref] 

17. Granfors T, Tomic R, Ljungberg B (2009) Downstaging and survival 

benefits of neoadjuvant radiotherapy before cystectomy for patients 

with invasive bladder carcinoma. Scand J Urol Nephrol 43: 293-299. 

[Crossref] 

18. Carballido EM, Rosenberg JE (2014) Optimal treatment for metastatic 

bladder cancer. Curr Oncol Rep 16: 404. [Crossref] 

19. Powles T, Eder JP, Fine GD, Braiteh FS, Loriot Y et al. (2014) 

MPDL3280A (anti-PD-L1) treatment leads to clinical activity in 

metastatic bladder cancer. Nature 515: 558-562. [Crossref] 

20. Festino L, Botti G, Lorigan P, Masucci GV, Hipp JD et al. (2016) 

Cancer Treatment with Anti-PD-1/PD-L1 Agents: Is PD-L1 Expression 

a Biomarker for Patient Selection? Drugs 76: 925-945. [Crossref] 

21. Moch H, Cubilla AL, Humphrey PA, Reuter VE, Ulbright TM (2016) 

The 2016 WHO Classification of Tumours of the Urinary System and 

Male Genital Organs-Part A: Renal, Penile, and Testicular Tumours. 

Eur Urol 70: 93-105. [Crossref] 

22. Vrooman OP, Witjes JA (2008) Urinary markers in bladder cancer. Eur 

Urol 53: 909-916. [Crossref] 

23. Mehrotra, P (2016) Biosensors and their applications - A review. J Oral 

Biol Craniofac Res 6: 153-159. [Crossref] 

24. Shin Y, Perera AP, Park MK (2013) Label-free DNA sensor for 

detection of bladder cancer biomarkers in urine. Sensors and Actuators 

B: Chemical 178: 200-206. 

25. Lou X, Zhuang Y, Zuo X, Jia Y, Hong Y et al. (2015) Real-Time, 

Quantitative Lighting-up Detection of Telomerase in Urines of Bladder 

Cancer Patients by AIEgens. Anal Chem 87: 6822-6827. [Crossref] 

26. Peng C, Hua MY, Li NS, Hsu YP, Chen YT et al. (2019) A colorimetric 

immunosensor based on self-linkable dual-nanozyme for ultrasensitive 

bladder cancer diagnosis and prognosis monitoring. Biosens 

Bioelectron 126: 581-589. [Crossref] 

27. Xu X, Wei M, Liu Y, Liu Xu, Wei W et al. (2017) A simple, fast, label-

free colorimetric method for detection of telomerase activity in urine 

by using hemin-graphene conjugates. Biosens Bioelectron 87: 600-606. 

[Crossref] 

28. Liu X, Wei M, Xu E, Yang H, Wei W et al. (2017) A sensitive, label-

free electrochemical detection of telomerase activity without 

modification or immobilization. Biosens Bioelectron 91: 347-353. 

[Crossref] 

29. Ma H, Zhang X, Li X, Li R, Du B et al. (2015) Electrochemical 

immunosensor for detecting typical bladder cancer biomarker based on 

reduced graphene oxide-tetraethylene pentamine and trimetallic 

AuPdPt nanoparticles. Talanta 143: 77-82. [Crossref] 

30. Li Y, Zeng B, Yang Y, Liang H, Yang Y et al. (2020) Design of high 

stability thin-file transistor biosensor for the diagnosis of bladder 

cancer. Chin Chem Lett In Press. 

31. Liang LG, Kong MQ, Zhou S, Sheng YF, Wang P et al. (2017) An 

integrated double-filtration microfluidic device for isolation, 

enrichment and quantification of urinary extracellular vesicles for 

detection of bladder cancer. Sci Rep 7: 46224. [Crossref] 

32. Geng C, Li C., Li W, Yan W, Li J et al. (2018) A simple fabricated 

microfluidic chip for urine sample-based bladder cancer. J Micromech 

Microeng 28: 115011. 

33. Chuang CH, Du YC, Wu TF, Chen CH, Lee DH et al. (2016) 

Immunosensor for the ultrasensitive and quantitative detection of 

bladder cancer in point of care testing. Biosens Bioelectron 84: 126-

132. [Crossref] 

34. Ecke TH, Weiß S, Stephan C, Hallmann S, Arndt C et al. UBC((R)) 

Rapid Test-A Urinary Point-of-Care (POC) Assay for Diagnosis of 

Bladder Cancer with a focus on Non-Muscle Invasive High-Grade 

Tumors: Results of a Multicenter-Study. Int J Mol Sci 19: 3841. 

[Crossref] 

35. Guo A, Wang X, Gao L, Shi J, Sun C et al. (2014) Bladder tumour 

antigen (BTA stat) test compared to the urine cytology in the diagnosis 

of bladder cancer: A meta-analysis. Can Urol Assoc J 8: E347-E352. 

[Crossref] 

36. Wang Z, Que H, Suo C, Han Z, Tao J et al. (2017) Evaluation of the 

NMP22 BladderChek test for detecting bladder cancer: a systematic 

review and meta-analysis. Oncotarget 8: 100648-100656. [Crossref] 

37. Hwang EC, Choi H, Jung SI, Kwon DD, Park K et al. (2011) Use of the 

NMP22 BladderChek test in the diagnosis and follow-up of urothelial 

cancer: a cross-sectional study. Urology 77: 154-159. [Crossref] 

38. Gleichenhagen J, Arndt C, Casjens S, Meinig C, Gerullis H et al. (2018) 

Evaluation of a New Survivin ELISA and UBC((R)) Rapid for the 

Detection of Bladder Cancer in Urine. Int J Mol Sci 19: 226. [Crossref] 

39. Lu P, Cui J, Chen K, Lu Q, Zhang J et al. (2018) Diagnostic accuracy 

of the UBC((R)) Rapid Test for bladder cancer: A meta-analysis. Oncol 

Lett 16: 3770-3778. [Crossref] 

40. Narayan VM, Adejoro O, Schwartz I, Ziegelmann M, Elliott S et al. 

(2018) The Prevalence and Impact of Urinary Marker Testing in 

Patients with Bladder Cancer. J Urol 199: 74-80.  

41. Kollarik B, Zvarik M, Bujdak P, Weibl P, Rybar L et al. Urinary 

fluorescence analysis in diagnosis of bladder cancer. Neoplasma 65: 

234-241. [Crossref] 

 

 

Clin Oncol Res  doi:10.31487/j.COR.2020.06.11       Volume 3(6): 4-4 

https://pubmed.ncbi.nlm.nih.gov/22763630/
https://pubmed.ncbi.nlm.nih.gov/22196847/
https://pubmed.ncbi.nlm.nih.gov/15939524/
https://pubmed.ncbi.nlm.nih.gov/23123547/
https://pubmed.ncbi.nlm.nih.gov/24382958/
https://pubmed.ncbi.nlm.nih.gov/27375033/
https://pubmed.ncbi.nlm.nih.gov/19363744/
https://pubmed.ncbi.nlm.nih.gov/25056737/
https://pubmed.ncbi.nlm.nih.gov/25428503/
https://pubmed.ncbi.nlm.nih.gov/27229745/
https://pubmed.ncbi.nlm.nih.gov/26935559/
https://pubmed.ncbi.nlm.nih.gov/18162285/
https://pubmed.ncbi.nlm.nih.gov/27195214/
https://pubmed.ncbi.nlm.nih.gov/26059095/
https://pubmed.ncbi.nlm.nih.gov/30500773/
https://pubmed.ncbi.nlm.nih.gov/27619525/
https://pubmed.ncbi.nlm.nih.gov/28043077/
https://pubmed.ncbi.nlm.nih.gov/26078131/
https://pubmed.ncbi.nlm.nih.gov/28436447/
https://pubmed.ncbi.nlm.nih.gov/26777732/
https://pubmed.ncbi.nlm.nih.gov/30513851/
https://pubmed.ncbi.nlm.nih.gov/24940462/
https://pubmed.ncbi.nlm.nih.gov/29246009/
https://pubmed.ncbi.nlm.nih.gov/20739046/
https://pubmed.ncbi.nlm.nih.gov/29324722/
https://pubmed.ncbi.nlm.nih.gov/30127987/
https://pubmed.ncbi.nlm.nih.gov/29534585/

