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SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents*

	Section/item
	ItemNo
	Description

	Administrative information

	Title
	1
	(P1) Comparison of whole brain radiation therapy for synchronous brain metastases with irradiation protecting the hippocampus versus whole brain radiotherapy for sequential brain metastases to boost irradiation in the treatment of brain metastases from SCLC: Study protocol for a randomized controlled trial

	Trial registration
	2a
	(P3) This trial is registered with the Chinese Clinical Trial Registry (ChiCTR1900027539; November 17, 2019) 

(URL: https://www.chictr.org.cn/hvshowproject.aspx?id=20515).

	
	2b
	ChiCTR1900027546, Prospective, open label clinical study for stereotactic radiotherapy combined with erlotinib in the treatment of brain metastases from lung cancer; 

ChiCTR1900027542, Application of new technology of hyperfractionated radiotherapy for limited-stage small cell lung cancer based on TOMO technology; 

ChiCTR1900027548, Application of new technology for precise radiotherapy of body tumor based on IGRT/SBRT; 

ChiCTR1900027470, Randomized, parallel controlled clinical trial of the occurrence, prevention and treatment of radioactive oral mucositis; 

ChiCTR1900027354, A multi-center, randomized, open label, controlled, trial for locally advanced inoperable lung squamous cell carcinoma with radiotherapy combined with EP regimen and EP combined with glycididazole sodium (Shimena); 

ChiCTR1900027355, A clinical randomized controlled trial of a treatment plan for locally advanced inoperable NSCLC guided by FMISO&FDG-PET/CT; 

	Protocol version
	3
	(P3) Version 1.0 of the protocol was implemented on January 1, 2021; the recruitment process for this clinical trial commenced on April 1, 2021 and will end on March 31, 2024. 

	Funding
	4
	(P5) The trial sponsors are the Shenyang Major Scientific Research Projects [No. 191124090] and the Cancer Research Program of National Cancer Center [NCC2017A08]. 

	Roles and responsibilities
	5a
	(P1) Xiaofang Zhang, Department of Radiotherapy, Cancer Hospital of China Medical University; Tianlu Wang, Department of Radiotherapy, Cancer Hospital of China Medical University, Liaoning Cancer Hospital and Institute; Chen-Yu Wang 

Department of Epidemiology, Cancer Hospital of China Medical University, Liaoning Cancer Hospital and Institute; Peng Zhao, Department of Radiology, Cancer Hospital of China Medical University, Liaoning Cancer Hospital and Institute; Bo Huang, Department of Pathology, Cancer Hospital of China Medical University, Liaoning Cancer Hospital and Institution; Lei He, Department of Radiotherapy Physics, Cancer Hospital of China Medical University, Liaoning Cancer Hospital and Institute; Yingqiu Song, Department of Radiotherapy, Cancer Hospital of China Medical University,  Liaoning Cancer Hospital and Institute.

(P14)  All the authors participated in the development and the design of the study. XZ and TW contributed equally to the writing of the manuscript. XZ wrote the first version of the manuscript. TW and CW are responsible for the data management and statistical considerations of this project. PZ works as a therapist in this clinical experiment. LH strictly controlled the quality of the patient's radiation treatment process. BH provides the pathological reports to the patients in the clinical trial. YS critically revised the manuscript. All authors read and approved the final version of the manuscript.

	
	5b
	National Cancer Center 010-67781331; Shenyang Science and Technology Bureau 024-22728217.  

	
	5c
	Study sponsor and funders provide financial support in the research,and they will not have ultimate authority over any of these activities. 

	
	5d
	The coordination center, steering committee, endpoint decision committee, and data management team are composed of all authors. Each item is a monthly regular meeting to monitor its quality. The coordination center is responsible for coordinating all resources, the steering committee guides the smooth progress of clinical trials, the endpoint adjudication committee is in charge of the ruling of endpoint events, and the data management team is responsible for monitoring the authenticity and quality of the data.

	Introduction
	
	

	Background and rationale
	6a
	(P3) Approximately 80% of small cell lung cancer (SCLC) patients develop brain metastases during the entire course of the disease [1-2]. The craniocerebral brain is one of the common metastatic sites for SCLC and is mainly treated by radiation therapy, which can significantly prolong the survival time of patients [3]. Whole brain radiotherapy (WBRT) is a basic radiation therapy specially employed in patients with extensive brain metastases [4-6]; however, it is associated with side effects including neurotoxicity and cognitive dysfunction. Radiation-induced hippocampal damage plays an important role in cognitive dysfunction; thus, avoiding the hippocampus can effectively reduce the cognitive impairment attributed to WBRT [7-10]. 

Studies have shown that the metastasis rate of SCLC in the hippocampus is approximately 3–5.1% [11-14]. Modern radiotherapy modalities include conventional three-dimensional conformal radiation therapy (3D-CRT) and intensity-modulated radiation therapy (IMRT) [15]. Spiral tomotherapy (TOMO) is another novel method in the field of IMRT technologies that uses a spiral 360° radiation transmission system, similar to that of spiral computed tomography (CT) scanning. Most planning studies have demonstrated that IMRT can fully treat the target volume while retaining healthy organs and tissues, thereby outperforming 3D-CRT [16-18]. Compared with traditional fixed-field IMRT, TOMO possesses the advantage of the use of more independent ray directions, which could result in better dose adaptation to the target. By quickly opening and closing the blades in a collimator rotating around the patient, TOMO can maintain the radiation dose in a tumor area of complex shape, while preventing exposure of normal, healthy organs to radiation [19-20]. Compared with 3D-CRT, TOMO can reduce the number of tissues irradiated at a dose level equivalent to the tumor dose and redistribute the excess dose to normal tissues, thereby resulting in a total integrated dose that is smaller than that required by 3D-CRT [21-22]. 

Currently, TOMO is often used for a variety of diseases [23-25]; however, the clinical value of TOMO in the treatment of SCLC brain metastasis remains controversial. There is a substantial difference regarding the dose distributions of the abovementioned technologies. Based on theoretical and model studies, it has been long speculated that different doses may result in different prognostic outcomes. Therefore, this study sought to use TOMO technology to implement WBRT synchronous irradiation of brain metastases with increased radiation doses, while protecting the key functional areas of the hippocampus. 



	
	6b
	(P3) This is a randomized, controlled, prospective study including 102 SCLC patients with brain metastases randomized (1:1) to the experimental (whole brain radiation therapy for synchronous brain metastases with irradiation to protect the hippocampus) or control (whole brain radiotherapy for sequential brain metastases to boost irradiation) group. 

	Objectives
	7
	(P5) Our primary hypothesis is that TOMO will increase the clinical intracranial progression-free survival (iPFS) time by approximately 5–8%, owing to the higher accuracy of the treatment plan regarding location and dose of local tumor control. Our secondary hypothesis is that neurological function will be better protected due to the accuracy of this therapy. In the future, we hope to develop intervention methods and improve the corresponding treatment protocols based on the results of this clinical trial. This clinical trial is expected to further improve the efficacy of radiotherapy and improve the quality of life and survival of patients.

	Trial design
	8
	(P5) This clinical trial will be conducted at the Liaoning Cancer Hospital Medical Center (a tertiary care center) in China. This is a prospective study enrolling 102 patients. We aim to investigate the safety and efficacy of radiotherapy in patients with brain metastases caused by SCLC using the TOMO treatment device. 

	Methods: Participants, interventions, and outcomes

	Study setting
	9
	(P6) This clinical trial will be conducted at the Liaoning Cancer Hospital Medical Center (a tertiary care center) in China.  Using the random number table method, a random number sequence will be generated, and patients will be assigned to the experimental and control groups in a 1:1 ratio. The experimental group will use TOMO, while the control group will use three-dimensional conformal radiotherapy (conventional 3D-CRT)/intensity-modulated radiation therapy tomotherapy (IMRT). This study will not use blinding of trial participants since the treatment procedure clearly distinguishes between the trial and control groups.
The trial sponsors are the Shenyang Major Scientific Research Projects [No. 191124090] and the Cancer Research Program of National Cancer Center [NCC2017A08].This is version 1.0 of the protocol as of January 1, 2021. Recruitment for this clinical trial began on April 1, 2021 and will end on March 31, 2024. 

	Eligibility criteria
	10
	(P6) Inclusion criteria

Satisfying the diagnostic criteria for conventional 3D-CRT/IMRT and TOMO. 

An age between 18 and 70 years. 

A KPS score of >80 points at the baseline visit. 

Presence of SCLC brain metastasis, with ≤5 brain metastases. 

No brain stem or bulbar metastasis.

No important organ failure. 

Agreement to participate and sign an informed consent form.

Exclusion criteria

1. Severe damage to important organs such as the heart, liver, kidney, etc. 

2. Uncontrolled, severe systemic infection, sepsis, or toxicemia. 

3. Hemoglobin <80 g/L or white blood cells <3.0×109/L before treatment. 

4. Advanced cancer with anemia, weight loss, or cachexia. 

5. Having participated in other clinical studies. 

	Interventions
	11a
	(P10) Patients who meet the inclusion criteria will be randomly divided into two groups; the experimental group will receive whole brain radiation therapy for synchronous brain metastases with dose irradiation protecting the hippocampus, while the control group will receive whole brain radiotherapy for sequential brain metastases to boost irradiation. The experimental group will receive a WBRT dose of 40 Gy / 2 Gy / 20f five times per week. Simultaneously, radiotherapy doses of 60 Gy / 3 Gy / 20f will be provided for brain metastases five times per week, protecting the hippocampus. Brain irradiation is generally conducted based on important functional areas such as the inner ear and crystal; radiotherapy will be completed in 4 weeks. The control group will deliver WBRT doses of 40 Gy / 2 Gy / 20f five times per week. In addition, we will use radiotherapy at 27 Gy / 3 Gy / 9f for sequential brain metastases. The biological equivalent dose (BED) for brain metastases in the experimental group will be 72 Gy. The BED for brain metastases in the control group alone will be a total of 73 Gy (WBRT doses of 40 Gy, brain metastases-sequential boost 33 Gy). Therefore, BED analysis of the experimental (BED: 72 Gy) and control (BED: 73 Gy) groups will be considered consistent, and the choice of prescribed dose will be in line with the clinical diagnosis and treatment norms. All patients will undergo neurological function assessment before treatment to assess the occurrence of any neurological functional changes. 

Hippocampal avoidance will occur in the control group; details on contouring of the hippocampal area and specific dose constraints are shown in Figure 1. 



	
	11b
	(P11) Patients’ recovery will be monitored (both the experimental group and the control group) as per current medical practice. It may be necessary to perform additional medical treatments following these therapies if side effects appear. Patients undergoing the treatments can be discharged after a few days without any complications. 

	
	11c
	Since the trials are all clinical treatments, compliance is good, and the experimental progress can be viewed according to the archive of treatment cases in the computer. 

	
	11d
	Relevant concomitant care and interventions that are permitted during the trial. 

	Outcomes
	12
	(P7) Primary Study Outcome

intracranial progression-free survival
The primary study outcome is iPFS, defined as the number of months from the start of TOMO or conventional 3D-CRT/IMRT to the occurrence of the first evidence of disease progression, which will be evaluated according to the Response Evaluation Criteria in Solid Tumors. 

Secondary Study Outcomes

Assessment of neurological function
The Expanded Disability Status Scale (EDSS) assessment will be used to standardize the neurological examination, and each system will be scored according to the degree of dysfunction. 

Quality of life 
Quality of life (QoL) will be assessed using the European Organization for the Research and Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ-C30) (version 3) in patients with brain metastases caused by SCLC at the baseline and every 2 months after treatment. The questionnaire is available as an attachment to the paper. 

Overall survival

Overall survival (OS) refers to the number of months between the radiotherapy procedure and the time of death or last follow-up. For patients who are lost to follow-up prior to death, the time of the last follow-up visit is usually calculated as the time of death. 
 

	Participant timeline
	13
	(P3) The recruitment process for this clinical trial commenced on April 1, 2021 and will end on March 31, 2024. 
(P11) After radiotherapy, patients will be reviewed every 2 months for a total of 6 months to evaluate whether they have recurrence and to determine their neurological function status. During 6 months to 2 years after treatment, a re-check will be performed every 6 months. The examination will include a brain MRI test, routine blood tests, and liver and kidney function tests, which will be used to evaluate the effectiveness of the therapy according to the standards set by the committee. The follow-up period for iPFS and OS is 2 years. In addition, we will assess the neurological function and QoL immediately post radiotherapy and at 1 month, 3 months, 6 months, 1 year, and 2 years post RT. The research outline is shown in Figure 2 and Figure 3. 

	Sample size
	14
	(P7) It will be necessary to evaluate differences between the two groups; thus, the sample sizes of the experimental and control groups were set as n1 and n2, respectively. The two groups should have the same sample sizes; therefore, a single-sided test was used. The sample size calculation formula was: 
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where σ is the overall standard deviation (estimated to be 1.84); δ, the difference between the two sets of numerical variables (estimated to be 1); Zα, the standard normal value corresponding to the inspection level α; Zβ, the standard normal value corresponding to β. If σ=1.8 months, δ=1 month, α=0.05, β=0.20, Zα/2=Z0.05/2=1.96, and Zβ=Z0.20=0.842, then by substituting the above formula, we obtain
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Hence, 51 cases will be included in the control group and 51 cases in the experimental group, with the total sample size being 102 cases.



	Recruitment
	15
	Explain to all patients who meet the enrollment criteria and make them willing to participate in this clinical trial. 

	Methods: Assignment of interventions (for controlled trials)

	Allocation:
	
	

	Sequence generation
	16a
	(P6) A computer will automatically generate the allocation sequence using the random number table method. 

	Allocation concealment mechanism
	16b
	(P5) Assignments will be implemented using sequentially numbered, opaque, and sealed envelopes that are unknown to the investigator who contacts the participant prior to assigning the intervention. 

	Implementation
	16c
	(P6) The patients’ treating physicians will obtain patient consent and explain the trial to those who meet the inclusion criteria. Team investigators will recruit participants and assign them to the intervention. 

	Blinding (masking)
	17a
	(P5) This study will not use blinding of trial participants since the treatment procedure clearly distinguishes between the trial and control groups. 

	
	17b
	Participants in the treatment plan are all clinicians who allocate interventions in accordance with the treatment process. This process does not use blinding methods to ensure the optimization of each patient's treatment plan and maximum disease treatment. 

	Methods: Data collection, management, and analysis

	Data collection methods
	18a
	(P11)  After the last patient completes the follow-up study, the committee will assess the occurrence of the primary and secondary endpoints. 

	
	18b
	Treatments in Participant timeline are all routine medical orders, and patients will follow the medical advice. If there is any failure to review on time, a phone call will be reminded. If the patient fails to complete the relevant examination, evaluation or follow-up within the agreed time, or cannot suspend the study, part of the clinical trial of the patient will be suspended. The data of these patients will be marked on the record and not entered The final curative effect analysis system.

	Data management
	19
	The fixed staff is responsible for the input of data, coded into groups 1 and 2 according to their treatment plans, and set a password for the database to protect the privacy of patients' data. Data quality is controlled by the Data Quality Supervision Committee.

	Statistical methods
	20a
	(P12)  Data will be organized and analyzed using SPSS 25.0 software, and P<0.05 will be considered significant in all statistical tests. iPFS and OS will be calculated using the Kaplan-Meier method. Assessment of neurological function will be scored using the EDSS assessment scale, and QoL will be scored using the FACT-G. The Chi-squared test will be used in combination with propensity matching analysis to minimize differences due to smoking, sex, weight loss, geographic factors, economic status, education level and to avoid baseline effects to the greatest extent possible. 

	
	20b
	No subgroup or adjusted analyses. 

	
	20c
	Definition of analysis population relating to protocol non-adherence is that the patients who do not follow. In addition, we use the multiple imputation method to handle missing data. 

	Methods: Monitoring

	Data monitoring
	21a
	The Data Monitoring Committee (DMC) is composed of all the authors, with Dr. Song Yingqiu as the team leader. Responsible for testing the accuracy and authenticity of data, and reviewing whether the operation of obtaining data is standardized.

	
	21b
	If the patient fails to complete the relevant examination, evaluation or follow-up within the agreed time, or cannot suspend the study, part of the clinical trial of the patient will be suspended.

	Harms
	22
	Form a committee for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse events and other unintended effects of trial interventions or trial conduct. Summarize them to avoid recurrence to the greatest extent. 

	Auditing
	23
	Auditing trial conduct is conducted by the Data Monitoring Committee (DMC) every month. The procedure is to discuss and vote after the trial for each result.

	Ethics and dissemination

	Research ethics approval
	24
	(P13) Ethical approval was granted by the Medical Ethics Committee of Liaoning Cancer Hospital and the approval number is 2020X0102. 

	Protocol amendments
	25
	(P3) This trial is registered with the Chinese Clinical Trial Registry (ChiCTR1900027539; November 17, 2019) 

(URL: https://www.chictr.org.cn/hvshowproject.aspx?id=20515).

	Consent or assent
	26a
	(P13) Prior to screening, all the participants will sign an informed consent form. 

	
	26b
	This study does not collect and use participant data and biological specimens. The research conclusions will not involve and release patient personal information when published. 

	Confidentiality
	27
	When collecting, sharing and maintaining personal information about potential and registered participants, all staff follow the principle of confidentiality and do not disclose or disseminate patient personal information. 

	Declaration of interests
	28
	(P14) The authors declare that they have no competing interests. 

	Access to data
	29
	(P13) The data of this study is available from the corresponding author upon reasonable request. 

	Ancillary and post-trial care
	30
	Compensation for those injured as a result of participating in the trial is based on hospital regulations. Give the corresponding amount of compensation.

	Dissemination policy
	31a
	The clinical trial data will be analyzed and released as soon as possible. Before our team publishes the report, individual participants will not be able to publish patient data directly related to the trial. Our team will obtain the final data set, form a writing committee, and publish the test results at regional and national conferences. The final result will be presented at a scientific conference and published in a peer-reviewed journal; this will be in accordance with the journal's guidelines.

	
	31b
	Before our team publishes the report, individual participants cannot publish patient data directly related to the trial.

	
	31c
	Due to the confidentiality of patients’ personal information and privacy, the public is not allowed to access the complete agreement, participant-level data sets and statistical codes. 

	Appendices
	
	

	Informed consent materials
	32
	There is a separate document for informed consent. 

	Biological specimens
	33
	No clinical specimens are collected in this experiment. 


*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items. Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons “Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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