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1. Study Summary 
This comprehensive retrospective cohort study aims to redefine the optimal prognostic threshold for minimal residual disease (MRD) detection in pediatric acute myeloid leukemia (AML) using data from the TARGET-AML initiative. The conventional MRD positivity threshold of ≥0.1% by multiparametric flow cytometry (MFC) will be compared against a proposed lower threshold of ≥0.05% to evaluate its superiority in risk stratification and prognostic accuracy. The study population comprises 1,205 pediatric AML patients with complete MFC-MRD data following induction chemotherapy courses. Primary endpoints include event-free survival (EFS) analysis using advanced statistical methods including Kaplan-Meier survival curves, Cox proportional hazards models, receiver operating characteristic (ROC) curves, and net reclassification improvement (NRI) analysis. The study aims to provide evidence-based recommendations for refining MRD monitoring standards in pediatric AML clinical practice. 


2. Research Background and Scientific Rationale 
Pediatric acute myeloid leukemia represents a heterogeneous group of hematologic malignancies characterized by clonal proliferation of myeloid precursors with impaired differentiation. Despite significant advancements in risk-adapted therapy approaches, including allogeneic hematopoietic stem cell transplantation for high-risk patients, relapse remains the predominant cause of treatment failure, with 5-year event-free survival rates plateauing at approximately 50-60% in contemporary clinical trials. Minimal residual disease monitoring has emerged as a critical component of modern risk stratification in acute leukemias. Among various MRD detection methodologies, multiparametric flow cytometry-based MRD assessment offers the advantage of rapid turnaround time, widespread availability, and applicability to nearly all patients regardless of genetic markers. The conventionally accepted threshold of 0.1% for defining MRD positivity has demonstrated prognostic utility across multiple studies, yet evolving technological capabilities in flow cytometry warrant reevaluation of this standard. Recent evidence suggests that lower levels of residual disease, previously classified as MRD-negative by the 0.1% threshold, may still harbor significant prognostic implications. Technological advancements now enable reliable detection of leukemic cells at levels as low as 0.01%, raising important questions about the optimal threshold for clinical decision-making. This study addresses a critical evidence gap by systematically evaluating a lower MRD threshold in a large, well-annotated pediatric AML cohort. 

3. Research Objectives and Hypotheses 
3.1 Primary Objectives 
1. To determine the optimal MRD threshold for predicting 5-year event-free survival following Induction Course 1 and Course 2 chemotherapy using ROC curve analysis. 
2. To compare the prognostic discrimination capacity of the traditional 0.1% MRD threshold versus a proposed 0.05% threshold through Kaplan-Meier survival analysis and hazard ratio calculations. 
3. To quantify the improvement in risk classification accuracy using net reclassification improvement (NRI) analysis when applying the lower MRD threshold. 
3.2 Secondary Objectives 
1. To validate the consistency of the proposed 0.05% MRD threshold across established genetic risk subgroups (low-risk, standard-risk, high-risk). 
2. To establish the independent prognostic value of the novel MRD threshold through multivariate Cox regression analysis adjusting for known clinical and molecular variables. 
3. To assess the clinical utility of the lower threshold in guiding treatment decisions, particularly regarding transplantation candidacy. 
3.3 Research Hypotheses 
· Primary Hypothesis: An MRD threshold of 0.05% provides superior prognostic discrimination compared to the conventional 0.1% threshold for predicting 5-year EFS in pediatric AML. 
· Secondary Hypothesis: The 0.05% threshold demonstrates consistent prognostic performance across all genetic risk categories and offers significant net reclassification improvement. 
4. Study Design 
4.1 Study Type 
Retrospective cohort study utilizing existing data from the TARGET-AML database. 
4.2 Data Source 
The Therapeutically Applicable Research to Generate Effective Treatments (TARGET) initiative database, version dated April 28, 2021, containing comprehensive clinical and laboratory data from pediatric AML patients treated between September 1996 and December 2016. 
4.3 Study Period 
Data collection period: September 1996 to December 2016 Analysis period: January 2025 to June 2025 
4.4 Study Setting 
Multicenter collaborative analysis with primary data management and statistical analysis conducted at Sun Yat-sen Memorial Hospital, Sun Yat-sen University. 
4.5 Study Schema 
Patient Identification (N=1,205)
↓
Inclusion/Exclusion Criteria Application
↓
Data Extraction and Validation
↓
Stratification by MRD Thresholds (0.1% vs 0.05%)
↓
Primary Analysis: EFS Comparison
↓
Secondary Analyses: Subgroup, NRI, Multivariate
↓
Results Interpretation and Validation

5. Study Population 
5.1 Inclusion Criteria 
· Pediatric patients (<18 years at diagnosis) with newly diagnosed de novo AML (non-M3 subtype) 
· Availability of MFC-MRD data measured after completion of Induction Course 1 and/or Course 2 
· Treatment according to one of the specified protocols: AAML03P1, AAML0531, or AAML1031 
· Complete baseline clinical and molecular characterization data 
· Minimum follow-up duration of 36 months for surviving patients 
5.2 Exclusion Criteria 
· Acute promyelocytic leukemia (M3 AML) patients 
· Patients with incomplete MRD data or key prognostic variables 
· Secondary AML or therapy-related AML cases 
· Patients with insufficient follow-up data 
5.3 Sample Size Justification 
The initial TARGET-AML cohort included 1,205 pediatric patients with non-M3 AML. Based on power calculations for detecting a hazard ratio of 2.0 for EFS with 80% power at α=0.05, the available sample size provides adequate statistical power for the proposed analyses. The cohort characteristics demonstrate balanced representation across key prognostic subgroups.

6. Methods 
6.1 Data Collection Procedures 
Data will be extracted from the TARGET database using standardized data collection forms. The following variable categories will be included: 
· Demographic data: Age at diagnosis, gender, ethnicity 
· Disease characteristics: WBC count at diagnosis, bone marrow and peripheral blast percentages, FAB classification, central nervous system involvement status 
· Genetic markers: Karyotype, FLT3-ITD, NPM1, CEBPA, and WT1 mutation status 
· Treatment data: Chemotherapy protocol, response assessment after each induction course, stem cell transplantation details 
· MRD data: Quantitative MRD levels after Induction Courses 1 and 2 
· Outcome data: Event-free survival, overall survival, relapse details 
6.2 MRD Assessment Methodology 
MRD was quantified using standardized multiparametric flow cytometry protocols with a minimum sensitivity of 0.01%. The methodology included: 
· Sample processing: Bone marrow aspirates collected at the end of Induction Courses 1 and 2 
· Antibody panels: Standardized 8-color flow cytometry panels targeting leukemia-associated immunophenotypes 
· Analysis protocol: A minimum of 500,000 events were acquired using BD FACS Canto II flow cytometers 
· Quality control: Regular instrument calibration and compensation controls using compensation beads 
· Data interpretation: Expert hematopathologist review of all MRD assessments 
6.3 Variable Definitions 
· Event-free survival (EFS): Time from diagnosis to first event (induction failure, relapse, secondary malignancy, or death from any cause) 
· MRD positivity: Defined using two thresholds: traditional (≥0.1%) and novel (≥0.05%) 
· Complete remission: <5% blasts in morphologically normal bone marrow with recovery of peripheral counts 
· Genetic risk groups: 
4. Low risk: inv(16)/t(16;16) or t(8;21) 
4. High risk: monosomy 7 or del(5q) 
4. Standard risk: All other cases with adequate cytogenetic data 
6.4 Data Quality Assurance 
· Double data entry for key variables with discrepancy resolution 
· Range checks for continuous variables 
· Consistency checks across related variables 
· Missing data assessment and appropriate handling strategies 

7. Statistical Analysis Plan 
7.1 Primary Analysis 
Survival Analysis: Kaplan-Meier method will be used to estimate EFS distributions stratified by MRD status at both thresholds. The log-rank test will compare survival curves. 
ROC Analysis: Receiver operating characteristic curves will determine the optimal MRD threshold for predicting 5-year EFS status using Youden's index. 

7.2 Secondary Analyses 
Cox Regression: Univariate and multivariate Cox proportional hazards models will assess the association between MRD thresholds and EFS, adjusting for relevant covariates. Net Reclassification Improvement: Categorical NRI will quantify improvement in risk prediction using the novel threshold. Subgroup Analysis: Consistency of the MRD threshold will be evaluated within predefined genetic risk categories. 

7.3 Sensitivity Analyses 
· Multiple imputation for missing data 
· Landmark analysis at 3 months post-induction 
· Competing risks analysis considering non-relapse mortality 
7.4 Statistical Software 
· Primary analysis: R software (version 4.1.0) 
· Secondary analysis: SPSS (version 26.0) 
· Sample size justification: Power analysis using PASS software 

8. Ethical Considerations 
8.1 Ethical Approval 
The original TARGET study obtained approval from institutional review boards of all participating institutions. This retrospective analysis protocol will be submitted to the Ethics Committee of Sun Yat-sen Memorial Hospital for expedited review. 

8.2 Informed Consent 
Waiver of informed consent will be requested as the study involves analysis of existing de-identified data. The original TARGET study obtained appropriate consent from participants or guardians. 
8.3 Privacy and Confidentiality 
· All patient identifiers removed from analytic dataset 
· Data stored on encrypted servers with password protection 
· Limited access to authorized research personnel only 
· Data transfer using secure encrypted methods 
8.4 Risk-Benefit Assessment 
Risks: Minimal risk study; potential breach of confidentiality mitigated by de-identification and secure data handling. Benefits: No direct benefits to participants; potential improvement in risk stratification for future pediatric AML patients. 

9. Data Management and Quality Control 
9.1 Data Handling Procedures 
· Secure electronic data capture system 
· Regular data backup procedures 
· Version control for analytic datasets 
· Audit trail maintenance 
9.2 Quality Assurance Measures 
· Protocol adherence monitoring 
· Data quality checks at multiple timepoints 
· Independent statistical validation 
· Regular team meetings for quality review 
9.3 Data Monitoring 
Independent data monitoring committee review of interim analyses and final results. 

10. Risk Management Plan 
10.1 Potential Risks 
· Data security breaches 
· Statistical model misspecification 
· Incomplete case ascertainment 
10.2 Mitigation Strategies 
· Regular security audits 
· Pre-specified statistical analysis plan 
· Sensitivity analyses for missing data 
· Peer review of analytical methods 

11. Timeline and Milestones 
Months 1-2: Data extraction and cleaning
Months 3-4: Primary statistical analysis 
Month 5: Results validation and sensitivity analyses 
Month 6: Manuscript preparation and submission 
Month 7: Ethics committee reporting 
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