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1.Abstract
In this multicenter, randomized, controlled clinical trial, the included patients were randomly assigned (1:1:1) to receive 10, 20, 30 times of endoscopic brushing for biliary strictures. The planned sample size of each group was 150 cases. 

Subject inclusion criteria

1. 18 to 89 years old
2. suspicious malignant biliary strictures
3. willing to be performed ERCP  

Exclusion Criteria

1. failure of cannulation

2. contraindications for ERCP

3. known malignancy unrelated to biliary strictures
4. coagulation dysfunction 

5. severe cardiac or pulmonary dysfunction 

6. poor follow-up compliance

Evaluation Indicators:

Primary outcome
Sensitivity and specificity of brush cytology in different groups
Secondary outcome
Technical success of brushing
Exploratory outcome
Sensitivity and specificity of FISH test in different groups
Safety outcomes
  Post-procedure complications: pancreatitis, cholangitis, bleeding and perforation

Administration

Brush 10 times
Brush 20 times
Brush 30 times
2. Research background

Cholangiocarcinoma (CCA) is the second most common primary hepatic tumor, and can be classified into three subtypes according to the location: intrahepatic CCA (iCCA), perihilar CCA (pCCA) and distal CCA (dCCA) [1]. Different types of CCA are considered to have different origins. pCCA and dCCA are believed to have the same origin-large biliary epithelial cells/stem cells [2]. Generally, pCCA and dCCA have three growth types: mass forming, periductal infiltrating, intraductal growth. Among them, the periductal-infiltrating form of these cancers is the most common. However, this form leads to biliary stenosis, which may not be obvious in the early stage, and has a low sensitivity by imaging examination. Early indications for surgery are often lost when the narrowing bile duct and cholestasis occurs [3,4].

pCCA and dCCA usually have a poor prognosis and are prone to metastasis. Therefore, early diagnosis and treatment of CCA are very important. The current gold standard for diagnosis of CCA is endoscopic retrograde cholangiopancreatography (ERCP) followed by cytological or histological diagnosis of the stenosis by brush cytology or biopsy guided by X-ray. However, the sensitivity of the former is less than 40%, the sensitivity of the latter is about 50-60% [5]. There are many ways to obtain cells of CCA, but the ideal sampling method is safe, simple to operate, low cost, easy to perform, sensitive and specific.

Brush cytology is still the first-line method for sampling biliary strictures. Although its diagnostic specificity is as high as 100%, its sensitivity is only about 40%, which suggests that a considerable part of CCA will be missed by brush cytology alone [5]. The difference between brush cytology and biopsy is that only a small number of cells can be obtained by brushing, which affects the diagnostic sensitivity. Therefore, how to obtain more cells through brushing is the focus of clinical work. However, there is no uniform standard for the method of brush cytology, which may be the reason for the uneven diagnostic sensitivity of many studies (30-78%). Studies have shown that the diagnostic sensitivity of combined sheath tube and brush cytology is higher than that of single brush cytology. Our study also showed a 10-fold increase in the number of cells obtained under the same number of brushing times for biliary strictures combined with the outer sheath. This may be the reason for the increased sensitivity of this brush method.

Second brushing has also been reported to increase diagnostic sensitivity from 33% to 44% [5]. Aspiration of the bile after brushing could also increase the number of cells obtained and improve the diagnostic sensitivity. In addition, to improve sampling, novel cell brushes have been designed and reported to improve the sampling rate and/or diagnostic sensitivity. Fogel EL et al. invented a new cell brush, which is  longer(5cm vs. 1.5cm), stiffer, and sharper angle (45° vs. 90°) than conventional cell brushes. Such a design can increase the number of cells obtained, thereby increasing the diagnostic sensitivity, but the results show no improvement [6]. Shieh FK et al. designed a thicker cell brush with the outer sheath increased from the conventional 6F to 9F, which could also increase the diagnostic sensitivity [7]. Recently, a Japanese study showed a novel brush detection device with three-ring structure, which significantly increased the number of cells and the diagnostic sensitivity [8]. Although these new cell brushes have been reported to increase diagnostic sensitivity, none of them have been used clinically. Under the condition of using conventional cytology brushing devices, how to standardize the method of brushing and obtain more cells to improve diagnostic sensitivity is the focus of clinical work. The current standard brushing method is to use the brush to pass through the narrow section 10 times, and whether the brushing frequency is more, such as 20 times, can get more cells is still inconclusive.

The cells obtained by brushing are usually used as cell smears or liquid-based cytology to obtain cytological diagnosis. Fluorescence in situ hybridization (FISH) is currently performed with the brushed cells to determine whether the staining has a polyploid structure and the absence of P16 can significantly increase the diagnosis of malignant bile duct stricture. Our previous study showed that FISH increased the diagnostic sensitivity to 80% and specificity to 95% for malignant biliary strictures (MBSs). However, as with conventional brushing cytology diagnosis, the current brushing method used for FISH detection is still inconclusive. Whether it is easier to improve the sensitivity and specificity of diagnosis by brushing more times still needs to be further explored. Therefore, it is of great clinical significance to standardize the method of cell brush examination.

3.Trial Objective

To explore if more endoscopic brushing passes affect the diagnostic value of brush cytology for malignant biliary strictures compared to traditional brushing 10 times.  
4.Trial Design
Randomized, controlled, multicenter clinical study
5.Case Inclusion
5.1 Subject inclusion criteria

(1)18 to 89 years old
(2) suspicious malignant biliary strictures
(3) willing to be performed ERCP  

5.2 Exclusion Criteria

1.failure of cannulation

2.contraindications for ERCP

3.known malignancy unrelated to biliary strictures
4.coagulation dysfunction 

5.severe cardiac or pulmonary dysfunction 

6.poor follow-up compliance

5.3 Termination criteria

1.The subjects voluntarily withdraw or revoke the informed consent

2.The subjects are lost to follow-up.

3.The subjects die of causes unrelated to malignancies leading to MBSs
4.Malignancy is diagnosed
5.The investigators decide to terminate the trial.
5.4 Rejection criteria

1. Non-compliance.

2. Not meeting inclusion criteria
3. Meeting the exclusion criteria
4. No laboratory or biopsy test record.

5. Cases of blinding-leak or urgent unblinding.

6.Evaluation criteria of efficacy
6.1 Primary outcome

Sensitivity and specificity of brush cytology in different groups
6.2 Secondary outcome

Technical success of brushing
6.3 Exploratory outcome
Sensitivity and specificity of FISH test in different groups
7.Administration
7.1 ERCP procedure
All patients were hospitalized and received intravenous conscious sedation or general anesthesia during ERCP according to the established standards at each center. Patients routinely received pre-interventional antibiotics intravenously. All endoscopic procedures were performed using side-viewing duodenoscope (TJF-260 or JF-260; Olympus Medical Systems Co., Ltd, Tokyo, Japan). All procedures are performed by experienced endoscopists (>300 ERCP procedures per year, more than 5years).

7.2 Standardization for brushing procedure
7.2.1 Brushing procedure
In each center, one to two fixed endoscopists perform the procedures. All the responsible doctors are educated to perform the brushing in the same way before the study is carried out. After routine endoscopic cholangiogram, the location and length of the stricture are determined. Whether sphincterotomy is performed is based on the decision of the endoscopists performing the brushing. The brush catheter is then advanced proximal to the stricture along the guide wire under the guidance of the X ray. After the tip of catheter is determined, the brush then advance by the assistant from the catheter across the stricture and pass back and forth across the stricture 10, 20, or 30 times (one time including a round of passes from back to forth and then forth to back) according to the patient assignment. The first brushing is monitored under X-ray, and X-ray was not applied until the completion of brushing except for the difficult movement of the brush or other problems during the process of brushing. The brush was then withdrawn into the catheter and pulled out from the endoscope as a unit, and the brush was then cut and placed into a fixative solution. Additional 2-3ml fixative solution saline was injected into the catheter to drain the remaining liquid coming from the movement of the brush, which was included in the brush cytology. 

Biliary drainage was then performed using a nasobiliary tube or stent at the discretion of the endoscopist. 

7.2.2 Instruments
The same type of cytology brush (RX cytology brush, Boston Scientific, USA) was used in each center.
7.2.3 Cytology and FISH
One fixed pathologist in each center is responsible for the diagnosis of brush cytology. These pathologists were educated to unify their diagnostic standard for brush cytology. The biliary cytology results were classified as “non-malignant,” “atypical,” “suspicious,” or “malignant.” The cytology results were considered positive for malignancy when the reports indicated either “suspicious” or “malignant.” FISH test depends on the willingness of the patients. FISH test is used standard protocols and commercially available probes specific to centromeres of chromosomes 3, 7, and 17 in one hybridization and P16 in the second hybridization. The test is considered positive if the specimen was positive for either polysomy or P16 deletion.
8.Safety Assessment

Post-ERCP pancreatitis (PEP) is defined as new or worsened abdominal pain combined with > 3 times the normal value of amylase or lipase at more than 24 hours after ERCP and requirement of admission or prolongation of a planned admission.
Post-ERCP cholangitis was defined as a body temperature ≥38°C, leukocytosis (white blood cell count ≥10×109/L), and clinical manifestations of cholangitis after ERCP. Postoperative bleeding was defined as clinical evidence of bleeding, such as melena or hematemesis, with at least a 2-g/dL decrease in hemoglobin or the need for a blood transfusion. Perforation was defined as evidence of air or luminal contents outside the gastrointestinal or biliary tract. Cholecystitis: right upper quadrant signs of inflammation, systemic signs of inflammation, and imaging findings characteristic of acute cholecystitis, without any suggestive clinical or imaging findings prior to ERCP. Patients were contacted again at 30 days post-ERCP to assess for delayed complications.
Severity of PEP: mild, no organ failure and local or systemic complications; Moderate, transient (less than 48 hours) organ failure and/or Local or systemic complications without persistent organ failure; Severe, persistent ( more than 48 hours) organ failure. Severity of cholangitis: mild, no criteria of moderate/severe cholangitis; moderate, one of the following: white blood cell count > 18ⅹ109/L, palpable tender mass in the right upper abdominal quadrant, duration of complaints>72h, marked local inflammation (gangrenous cholecystitis, pericholecystic abscess, hepatic abscess, biliary peritonitis, emphysematous cholecystitis); severe, one more of the organ dysfunction. Severity of bleeding: Mild, events requiring hospitalization of 1 to 3 days; moderate, 4 to 9 days in hospital; severe, more than 10 days in hospital or needing surgery or intensive care; fatal, death attributable to the procedure. Severity of perforation: Mild, events requiring hospitalization of 1 to 3 days; moderate, 4 to 9 days in hospital; severe, more than 10 days in hospital or needing surgery or intensive care; fatal, death attributable to the procedure[9-12]. 
9.Follow-up steps and observation indicators
9.1 Screening period/baseline period (within 28 days before the start of the trial)
1)
Demography: including date of birth, age, sex, ethnicity, height, weight and occupation.
2)
Current medical history, past medical history (cardiovascular, respiratory, digestive, genitourinary, nervous, mental and other systems), drug history, surgery history, etc.
3)
Clinical symptom records.
4)
Signed informed consent.
5)
Distribution of the screening number.
6)
Physical examination.
7)
Routine laboratory examination: blood routine, urine routine, blood glucose, etc.
8)
Serological examination: alanine aminotransferase (ALT), aspartate aminotransferase (AST), γ-glutamyl transpeptidase (GGT), alkaline phosphatase (ALP), total protein (TP), albumin (A), globulin (G), total bilirubin (TBil), direct bilirubin (DBil), blood urea nitrogen (BUN), creatinine (Cr), triglyceride (TG), total cholesterol (TC), prothrombin time (PT), alpha-fetoprotein (AFP), carbohydrate antigen199(CA199), carcinoembryonicantigen (CEA), amylase(AMY).
9)
Autoimmune markers: ANA, AMA, ASMA, Ads-DNA, ANCA, IgG4 .
12)
Electrocardiogram: 12-lead electrocardiogram.
13)
Enhanced abdominal CT scan or MRI; magnetic resonance cholangiopancreatography (MRCP).
14) Discussion by a multidisciplinary team composed of experienced radiologists, surgeons, and endoscopists before inclusion
15)
Complete the CRF.
9.2 24h after ERCP
1)
Physical examination.
2)
Record the clinical symptoms.
3)
Routine laboratory examination: blood routine, AMY,  liver function test.
4)
Abdominal CT scan, if essential.
9.3 1month after ERCP
1)
Record the clinical symptoms.
2)
Routine laboratory examination: blood routine, liver function test.
9.4 6 months after ERCP 
1)
Record the clinical symptoms.
2)
Routine laboratory examination: blood routine; liver function test; AFP, CA199, CEA; IgG4.
3)  Enhanced CT scan or MRI plus MRCP (For patients without placement of biliary metal stents).
10. Preservation procedures of original medical documents and case report forms
The original medical documents shall be kept by each clinical trial center, and the case report form (CRF) shall be kept in triplicate by the sponsor, the principal investigator and the participating research units respectively.
11.Recording requirements of adverse events and reporting methods of serious adverse events
Any adverse medical event that occurs from the time subjects signed the informed consent and are enrolled in the trial to the last follow-up.
12. Obtain adverse event information
Research physicians should report all adverse events directly observed by doctors or spontaneously reported by subjects in concise medical terms. Moreover, patients should be asked about adverse events at each visit at the beginning of treatment. Subjects’ vital signs should be recorded on time.
13 Adverse event records
During the trial, the adverse event record form should be filled in truthfully. The occurrence time, severity, duration, measures taken, and outcome of adverse events should be recorded. Adverse events should be recorded in the original medical documents and the adverse event table of CRF.
14.Randomization
Eligible patients were randomly assigned (1:1:1) to receive 10, 20, or 30 brushing passes for biliary stricture. An independent statistician performed randomization using a computer-generated randomization list stratified by center. The principal investigator from each center enrolled and assigned participants. Endoscopists, investigators responsible for enrollment and follow-up, and statisticians were not blinded to group allocation, while pathologists, outcome assessors, and patients were blinded to brush assignment.

15. Data management and Statistics
Based on previous reports, the average sensitivity of brush cytology when performed 10 times was 0.42. Meanwhile, our pilot study showed a sensitivity of 0.33, 0.50, and 0.68 when brushing for MBSs was performed 10, 20, and 30 times. Therefore, 150 patients were needed in each group to detect a difference between groups, with a prevalence of 85% for MBSs and a power of 80% at a statistical significance level of 0.05 (two­sided). 

Continuous variables were expressed as means ± standard deviation or median (interquartile range) and were tested for normality distribution using the Kolmogorov–Smirnov test. Dichotomous variables are presented as frequencies (%). For normally distributed variables, an analysis of variance test was performed; otherwise, the Kruskal–Wallis H test was performed. The χ² test or Fisher’s test was used to compare categorical variables among all groups. The Bonferroni method was used for pairwise comparisons of the groups. Sensitivity and specificity were used to evaluate the diagnostic value of brush cytology or FISH measurements with different brushing frequencies. Multivariate logistic regression analysis was performed to determine the independent factors related to the increased sensitivity of brush cytology after adjusting for the contributions of other variables.
All reported p values of less than 0.05 were deemed to be significant. All analyses were performed using the R Project for Statistical Computing (version 4.0.5). 
16.Ethical requirements

This project follows the ethical principles of Helsinki Declaration and is implemented under the guidance of GCP principles in China. The main points of ethics are as follows:

1)
Subjects will voluntarily participate in this trial and sign the informed consent form

2)
Subjects have the right to withdraw from the trial at any time for any reason

3)
The implementation of this clinical trial protocol needs to be approved by the Ethics Committee of the Center responsible for the trial

4)
The investigator shall, prior to the commencement of the clinical trial, fully explain to the subjects the purpose, significance, procedures, benefits, and possible harm of the study

5)
In case of severe adverse events, investigators in the research group will take immediate and proactive emergency measures

6)
Each subject is put into the file with a proprietary code. The files about the names, health conditions and personal privacy of the subjects shall be kept by special personnel and shall not be disclosed.

17. Modification of protocol

If any modification needs to be made after the approval of the Ethics Committee for this protocol during the implementation process, a “Protocol Modification Specification” should be written and signed by the principal investigator of the trial responsible center and submitted to the Eethics Committee for approval before implementation.

18.Quality control and quality assurance of clinical trials

1)
Set up a Steering Committee composed of clinical experts, pathologists and statisticians, whose members include: Xiaobo Cai (Group Leader), Xinjian Wan, bing Hu, Yubiao Jin and Mei Kang. The Steering Committee provides clinical medicine, pathology and statistics suggestions to the sponsor and the participating centers, and actively guides and coordinates the participating centers to carry out the clinical trial in strict accordance with the protocol requirements.

2)
Taking Shanghai First People's Hospital as the principle center, and coordinating the clinical trial progress in each sub-center. Eastern Hepatobiliary Hospital, Shanghai and Shanghai Sixth People’s Hospital are coordinated by Shanghai General Hospital.

4)
The Sponsor shall, according to the requirements of GCP, set up a clinical research associate to monitor the quality of the clinical study.

5)
The Sponsor shall cooperate with the principal investigator to train relevant personnel.

19.The sites to conduct the trial, the name and address of the sponsor, the name, qualification and address of the test investigator, and the name and address of the statistical analysis unit and the person in charge
19.1 Name and address of the sponsor

Xiaobo Cai, Shanghai general hospital, No.85 Wujin Road, Honkou District, Shanghai, 20080
19.2 Name and address of the investigator

principal investigators: Shanghai General People's Hospital, Xiaobo Cai
No.85 Wujin Road, Hongkou District, Shanghai, 200080

Participating centers and trial leaders:
Eastern Hepatobiliary Hospital, Shanghai, Bin Hu; Mingxing Xia
No 225 Changhai Road 225,Yangpu District,Shanghai, 200043
Shanghai Sixth People’s Hospital, Xinjian Wan
No600, Yishan Road, Xuhui District, Shanghai
19.3 Statistical analysis unit and the name and address of the person in charge

Mei Kang, Clinical Research Center, Shanghai General Hospital, Shanghai Jiaotong University 

No.85 Wujin Road, Honkou District, Shanghai, 20080
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