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Identifying and Monitoring NGS Key Performance Indicators

1.0 Purpose
This document provides guidance on identifying and applying key performance indicators (KPI) to monitor next generation sequencing (NGS) test performance.  KPIs are metrics that can be used to assess the performance of a system or process in the laboratory and identify areas of improvement. Monitoring key performance quality indicators allows for detection of unforeseen test system drift, identifying areas of improvement, and confirmation of a stable testing system. 

2.0 Scope
This document applies to laboratories performing NGS testing.

3.0 Related Documents
	Title
	Document Control Number

	NGS QC Guidance for Illumina Workflows
	

	Bioinformatics QC Workflows
	

	Quality Indicator Development Form
	



4.0 Responsibilities 
	Position
	Responsibility

	All laboratory staff
	· Adhere to standard operating procedures (SOPs)

	Supervisor or delegate or SME
	· Identify quality indicator and measurement frequency 
· Review and evaluate KPI data collected 
· Report data to management

	Quality Manager
	· Ensure appropriate documentation of the KPI and continual improvement records



5.0 Flow chart


6.0 Procedure
6.1 [bookmark: _GoBack]Select the key performance indicator. At least one KPI should be identified, monitored and assessed for each part of the test system (preanalytical, analytic and post analytic). A KPI may span different parts of the test system. Figure 1 represents NGS processes with specific quality control points components that are measurable and useable as a quality indicator. Refer to Appendix A for general quality examples for monitoring entire testing process.








Figure 1. Example of NGS test system
Laboratory testing system


 
6.2 Define the quality indicator by detailing its purpose, what it is measuring, the data source, and what data are included and excluded for analysis. (Refer to Attachment B for example Key Performance Indicator Development form.) Refer to Appendix B for examples of key performance indicators for NGS. 
a. Provide reason for selection of indicator
b. Establish criteria for what is included and not included in the indicator development and data collection
i. Select time frame for data collection
· If data collection is retrospective (data are historic and should be available), specify data time frame.  Retrospective data can be collected to establish a baseline of prior performance for opportunities for improvement. Example: evaluate turn around time of a specific examination during a preceding specified time period. 
· If data collection is concurrent (data are collected in real time as the indicator event occurs), specify how often the data will be collected (e.g. hourly, daily, weekly). Concurrent data collection could be used for monitoring test control range or number of mislabeled specimens arriving in laboratory. 
ii. Tools needed to collect data (forms, software, analysis tools)
c. Consider time commitment needed to collect adequate data and any limitation to the data’s accuracy
i. Consider the number of data points necessary for a representative sample for analysis
ii. Consider the time needed to obtain the data points
d. Consider requirements for training personnel to collect data
i. How data will be collected and recorded
ii. How data will be submitted or compiled
iii. What to do with forms or reports
6.3 Set a performance target the lab is trying to accomplish with the KPI. Examples of performance targets: zero false-positive results, > 95% of results within published TAT, zero repeat analysis, % coverage, performance comparison with other laboratories, or comparison to national statistics.
6.4 Identify the lowest/highest performance level (threshold) the laboratory will accept to provide a level for evaluating performance and triggering action. Reaching the identified key performance indicator low/high threshold will prompt investigation and potential corrective actions. 
6.5 Conduct a small scale preliminary evaluation of the KPI before fully implementing. 
a. This provides the opportunity to determine if the proposed KPI and plan will perform as expected and meet the need of the laboratory. Execute the proposed KPI and plan at a smaller scale and evaluation to:
i. Test the data collection process and timeline
ii. Ensure the data collected provide the specific value intended
iii. Compare targets with expectations and adjust expectations if needed
iv. Confirm that performance objectives are realistic
v. Modify as needed before full implementation
b. Evaluation of the small scale data collection and process should be a collaborative process including, but not limited to, the quality manager (QM), subject matter experts (SMEs) and KPI participants (data collectors, analysis personnel, etc.) to ensure the KPI will benefit the laboratory system.
c. Evaluate the practicality of the small scale data collection results based on laboratory activities such as capacity, testing volume, and recording results to ensure KPI is attainable and is a valuable metric.
6.6 Implement KPI if the small scale evaluation is deemed acceptable by the team. If the team decides to alter the plan, update the development form as needed. 
6.7 Analyze KPI data at timeframes identified in the plan using data analysis tools such as pareto charts, control charts, and scatter diagrams to gauge process performance. Collaboratively, with the QM, SMEs, and KPI participants, evaluate the data and determine actions to be taken based on the KPI performance. 
a. No action- the KPI represents a stable system
b. Potential improvement opportunity- KPI is variable/drifting out of established threshold and process may need evaluation
6.8 KPI metrics should be shared with stakeholders at various levels of the organization, as appropriate for the organization. Sharing metrics empowers everyone in the organization to participate in the quality improvement process. Present results/reports and conclusions so that it is easy to understand and impactful. 
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8.0 Appendices
Appendix A- General quality examples for monitoring testing processes
Appendix B- Examples of Key Performance Indicators for NGS
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Appendix A- General quality examples for monitoring testing process
	Path of workflow
	Key Performance Indicator (KPI)
	Rationale

	Preanalytic
	· Accuracy of patient identification at the time of specimen collection
· Accuracy and completeness of examination/test requests
· Numbers and sources of, and reasons why specimens do not meet the laboratory’s acceptance criteria
	Provides insight to difficulties of completing the submission form or navigating the test request site. 

Provides guidance to the clarity of the specimen or collection requirements. 

	Analytic
	· Number of specimens lacking sufficient quantity at examination
· Number of and reasons for repeat examination, by examination
· Number of times and reasons for failures of calibration materials or controls for a given instrument or test system
· Number of times and reasons for technical failures of a given instrument or test system
· PT/AA Performance
· Number of samples per batch or run or stat samples
	Implications for test utilization, costs and lab efficiencies




	
	· Equipment maintenance and PM

	Equipment monitoring ensures equipment meets requirements to be used in testing system

	
	· External Control
	Allows for evaluation of the whole test system and comparison between runs

	
	· NCE trending
	Evaluating NCEs to identify trends or gaps in current process

	Post analytical
	· Completeness of laboratory reporting of critical values
	Review of critical values to ensure procedures are current and test results are quickly disseminated

	
	· Numbers and types of reporting errors

	Errors in content and completeness of report may lead to poor decisions for the receiver

	
	· Turn around Time (TAT)
	Measurement of performance to ensure analytical quality is not being sacrificed for faster or extended TAT





Appendix B- Examples of Key Performance Indicators for NGS
	Path of workflow
	NGS workflow
	Key Performance Indicator (KPI)
	Rationale

	Analytical


	DNA or RNA Extraction Control
	Quantitate 
· Purity of extraction control
· Concentration of extraction control
	Purity and concentration of the isolated nucleic acid should be quantitated after extraction to ensure successful extraction and high-quality nucleic acid. Monitor 2 controls, one to detect extraction error and the other a blank to identify potential contamination. 

	
	Fragmentation and Size Selection
	Confirmed size measurement of sheared control
	Monitor shearing process to ensure desired size fragmented samples

	
	cDNA Synthesis (for RNA only)
	· Purity of extraction control
· Concentration of extraction control
	Purity and concentration of the nucleic acid should be quantitated after extraction to ensure successful extraction and high-quality nucleic acid

	
	Library Preparation
	Quantify and confirm size selection libraries 
	Monitor if library concentration meets threshold and is single band. Ability to determine if there is enough coverage to sequence. Ability to correlate concentration to output quality. 

	
	Sequencing
	PhiX control

	PhiX monitoring for instrument performance. Use data to confirm the number of reads generated by each library is within the expected range and similar to the other libraries. 

	
	
	External control

	External control to provide insight to instrument performance 

	
	
	Post run metrics (Cluster density, Cluster passing filter)
	Indicator of overall sequencing efficiency (run quality)

	
	
	Q30 Average Read Quality
	Indicator of sequence quality per sample

	Post analytical

	Data processing
	Assembly pipeline
· Read quality
· Read coverage

	A quality control software such as FASTQC should be used to assess the quality of the sequence data. While most sequencers will generate their own quality reports, these reports are generally more useful for identifying issues that originate with the sequencer.

	
	Data analysis
	Critical results

	Review of critical values to ensure procedures are current and test results are quickly disseminated

	
	
	Amended reports

	Errors in content and completeness of report may lead to poor decisions for the receiver

	
	
	Data transfer and pipeline updates
	· Verify test output is unaffected after upgrades to pipeline.
· Monitoring capacity and security of data files to integrity of raw data 

	
	Instrument Comparison
	Same sample run results
	Compare results between identical samples to determine if equipment/platforms are producing equivalent results.



Identify Goal


Set Threshold and Target


Take Action to Achieve Goal


Choose KPI


Monitor and Assess KPI Data



Pre-Analytical


Specimen Collection 


Analytical


Culture


Post-Analytical


Reporting


Specimen Transport


Specimen receipt and Accessioning


DNA extraction


Library Preparation


Sequencing


Primary Data Analysis


Secondary Data Analysis


Data storage


Specimen storage


Specimen Submission
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