[bookmark: _Toc185424296]Addendum 1 – Technology/Knowledge Readiness Level Checklist
TRLs provide a systematic way to assess and communicate the level of maturity of a particular technology or combination of technology as it relates to product development across different types of technologies. Full definitions of TRLs can be found here. More information regarding KRLs can be found here. Offerors must submit the applicable checklist below as a separate appendix (see Section 8). As various types of proposed prototypes may be submitted under the 25-04-MultiTopic, the Offeror shall use only the appropriate checklist that aligns with the type of prototype outlined below:
· Checklist 1: Knowledge Products
· Checklist 2: Pharmaceutical (Drugs)
· Checklist 3: Pharmaceuticals (Biologics, Vaccines)
· Checklist 4: Medical Devices
· Checklist 5: Medical IM/IT & Medical Informatics

Note that all checkboxes within a KRL/TRL (and all previous KRL/TRL rows) must be checked for your technology to be considered at that KRL/TRL (i.e., if you are at a TRL 4, all boxes for TRLs 1-4 must be checked). 

	Checklist 1: Knowledge Readiness Levels – Knowledge Products

	KRL
	Checklist – The Offeror must check all boxes up to and within each section/row to be considered at that KRL.

	1
	☐Generate initial or very early scientific knowledge without regard to or indication of a specific health issue.

	2
	☐Expand on KRL 1 finding.

	3
	☐Validate hypotheses that suggest applications (e.g., prediction for prognosis, screening for diagnosis, or treatment for prevention)
.

	4
	☐Generate early or very early knowledge for some health-related use.

	5
	☐Test a priori hypotheses using rigorous scientific design.
☐Directly assess whether and how a tool can work.

	6
	☐Replicate optimally designed KRL 5 studies.
☐Assess for whom, under what conditions, and with what frequency a tool can serve in important applications.

	7
	☐Conduct early studies adapting KRL 4-6 research-supported applications for use in an identified context.

	8
	☐End on or replicate KRL 7 studies to directly assess whether the tool works in the context of interest.

	9
	☐Replicate or review optimally designed KRL 7-8 studies.















	Checklist 2: Technology Readiness Levels – Pharmaceuticals (Drugs)

	TRL
	Checklist – The Offeror must check all boxes up to and within each section/row to be considered at that TRL.

	1
	☐Maintain scientific awareness and generate scientific and bioengineering knowledge base.
☐Review and assess scientific findings as a foundation for characterizing new technologies.
☐Initiate and assess scientific literature reviews and initial market surveys.

	2
	☐Generate research ideas, hypothesis, and experimental designs for addressing the related scientific issues.
☐Acquire the appropriate peer-reviewed approval for research plans and/or protocols.

	3
	☐Perform basic research, data collection, and analysis begin to test hypothesis.
☐Explore alternative concepts and identify and evaluate technologies supporting drug development.
☐Perform initial synthesis of countermeasure candidate(s) and identify their sites and mechanisms of action.
☐Perform initial characterization of candidate(s) in preclinical studies.
☐Demonstrate initial proof-of-concept for candidate drug constructs in a limited number of in vitro and in vivo research models.

	4
	☐Perform non-GLP laboratory research to refine hypothesis and identify relevant parametric data required for technological assessment in a rigorous (worst case) experimental design.
☐Perform exploratory study of candidate drugs (e.g., formulation, route(s) of administration, method of synthesis, physical/chemical properties, metabolic fate and excretion or elimination, and dose ranging).
☐Evaluate candidate in defined animal model to identify/assess potential safety and toxicity problems, adverse events, and side effects.
☐Identify assays to be used during nonclinical and clinical studies in evaluating candidate drugs.

	5
	☐Perform both nonclinical and preclinical research studies involving parametric data collection and analysis in well-defined systems with pilot lots of candidate pharmaceuticals.
☐Results provide the basis for a manufacturing process amenable to cGMP-compliant pilot lot production.
☐Conduct GLP safety and toxicity studies in animal model systems.
☐Identify endpoints of clinical efficacy or its surrogate. 
☐Conduct studies to evaluate the pharmacokinetics and pharmacodynamics of candidate drugs and initiate stability studies.
☐Results provide sufficient data on the candidate drug exist in the draft technical data package to justify proceeding with preparation of an IND application.

	6
	☐Hold pre-IND meeting (Type B) with CDER.
☐Prepare and submit IND.
☐Conduct Phase 1 clinical trials to demonstrate safety of candidate in a small number of humans under carefully controlled and intensely monitored clinical conditions.
☐Evaluate pharmacokinetic and pharmacodynamic data to support the design of well-controlled, scientifically valid Phase 2 studies.
☐Demonstrate production technology through production-scale cGMP plant qualification.
☐Data from Phase 1 trials meet clinical safety requirements and support proceeding to Phase 2 clinical studies.

	7
	☐Conduct and complete Phase 2 clinical trials to demonstrate initial efficacy and capture further safety and toxicity data.
☐Determine product activity (e.g., preliminary evidence of efficacy).
☐Determine product final dose, dose range, schedule, and route of administration established from clinical PK and PD data.
☐Present and discuss data with CDER at pre-Phase 3 meeting (Type B) to support continued drug development.
☐Determine clinical endpoints and/or surrogate efficacy markers and test plans agreed to by CDER.
☐Obtain approval for Phase 3 clinical study plan or surrogate test plan.

	8
	☐Implement expanded Phase 3 clinical trials or surrogate tests to gather data on the safety and effectiveness of the candidate drug.
☐Conduct trials to evaluate the overall risk-benefit of administering the candidate, and to provide an adequate basis for drug labeling.
☐Complete process validation followed by lot consistency/reproducibility studies.
☐Hold pre-NDA meeting (Type B) with CDER, prepare NDA and submit to CDER, and gain approval of the NDA for the drug by CDER.
☐Complete facility pre-approval inspection (PAI).

	9
	☐The pharmaceutical can be marketed and distributed.










	Checklist 3: Technology Readiness Levels – Pharmaceuticals (Biologics, Vaccines)

	TRL
	Checklist – The Offeror must check all boxes up to and within each section/row to be considered at that TRL.

	1
	☐Maintain scientific awareness and generate scientific and bioengineering knowledge base.
☐Review and assess scientific findings as a foundation for characterizing new technologies.
☐Initiate and assess scientific literature reviews and initial market surveys.

	2
	☐Generate research ideas, hypothesis, and experimental designs for addressing the related scientific issues.
☐Acquire the appropriate peer-reviewed approval for research plans and/or protocols.

	3
	☐Perform basic research, data collection, and analysis begin to test hypothesis.
☐Explore alternative concepts and identify and evaluate critical technologies and components supporting candidate biologic/vaccine constructs research and eventual development of a candidate countermeasure.
☐Conduct agent challenge studies to support models based on presumed battlefield conditions.
☐Initiate and evaluate research-scale process.
☐Identify sites and mechanisms of action, potential correlates of protection for vaccines, and physical/chemical characterization of biologic/vaccine constructs.
☐Demonstrate initial proof-of-concept for biologic/vaccine constructs in a limited number of in vitro and in vivo research models.

	4
	☐Perform non-GLP laboratory research to refine hypothesis and identify relevant parametric data required for technological assessment in a rigorous (worst case) experimental design.
☐Perform exploratory study of critical technologies for effective integration into candidate biologic/vaccine constructs, for example, environmental milieu (pH, adjuvant, stabilizers and preservatives, buffers, etc.), route(s)/methods of administration, proposed production/ purification methods, further physical/chemical characterization, metabolic fate and excretion or elimination, dose ranging, and agent challenge studies for protection.
☐Evaluate candidate biologic/vaccine in defined animal model to identify/assess safety and toxicity, biological effects, adverse effects, and side effects.
☐Identify assays, surrogate markers, and endpoints to be used during nonclinical and clinical studies to evaluate and characterize candidate biologic/vaccine constructs are identified.

	5
	☐Perform both nonclinical and preclinical research studies involving parametric data collection and analysis in well-defined systems with pilot lots of candidate biologics/ vaccines produced and further development of selected candidates.
☐Results support proposing a potency assay, proposing a manufacturing process amenable to cGMP-compliant pilot lot production, identifying and demonstrating proof-of-concept for a surrogate efficacy marker in an animal model(s) applicable to predicting protective immunity in humans, and demonstrating preliminary safety and efficacy against an aerosol challenge in a relevant animal model.
☐Conduct GLP safety and toxicity studies in animal model systems.
☐Identify clinical efficacy endpoints or its surrogate in animal models that may be applicable to predicting protective immunity in humans.
☐Conduct studies to evaluate immunogenicity, as well as PK and PD when appropriate and initiate stability studies.
☐Results provide sufficient data on the candidate biologic/vaccine exist in the draft technical data package to justify proceeding with preparation of an IND application.

	6
	☐Hold pre-IND meeting (Type B) with CBER.
☐Prepare and submit IND.
☐Conduct Phase 1 clinical trials to demonstrate safety of candidate in a small number of humans under carefully controlled and intensely monitored clinical conditions.
☐Evaluate immunogenicity and/or PK and PD data to support the design of Phase 2 clinical trials.
☐Validate surrogate efficacy models.
☐Data from Phase 1 clinical trials meet clinical safety requirements and support proceeding to Phase 2 clinical trials.

	7
	☐Conduct and complete Phase 2 safety and immunogenicity trials.
☐Determine product immunogenicity and biological activity (e.g., preliminary evidence of efficacy).
☐Determine product final dose, dose range, schedule, and route of administration established from vaccine immunogenicity and biologic activity, and when necessary, clinical PK and PD data.
☐Present data to CBER at pre-Phase 3 (or surrogate efficacy) meeting (Type B) to support cont. development of the biologics/vaccines.
☐Determine clinical endpoints and/or surrogate efficacy markers and test plans agreed to by CBER.
☐Obtain approval for Phase 3 clinical study plan or surrogate test plan.

	8
	☐Implement expanded Phase 3 clinical trials or surrogate tests to gather data on the safety/effectiveness of the biologics/vaccines.
☐Conduct trials to evaluate the overall risk-benefit of administering the candidate, and to provide an adequate basis for product labeling.
☐Complete process validation followed by lot consistency/reproducibility studies.
Hold pre-BLA meeting (Type B) with CBER, prepare BLA and submit to CBER, and gain approval of the BLA for biologics/vaccines by CBER.
☐Complete facility pre-approval inspection (PAI).

	9
	☐The pharmaceutical can be marketed and distributed.

	Checklist 4: Technology Readiness Levels – Medical Devices

	TRL
	Checklist – The Offeror must check all boxes up to and within each section/row to be considered at that TRL.

	1
	☐Maintain scientific awareness and generate scientific and bioengineering knowledge base.
☐Review and assess scientific findings as a foundation for characterizing new technologies and initiate initial market surveys.

	2
	☐Generate research ideas, hypothesis, and experimental designs for addressing the related scientific issues.
☐Acquire the appropriate peer-reviewed approval for research plans and/or protocols.

	3
	☐Perform basic research, data collection, and analysis to begin to test hypothesis.
☐Explore alternative concepts and identify and evaluate component technologies.
☐Conduct initial tests of the design concept and evaluate candidate(s), define study endpoints, and propose animal models (if required).
☐Perform design verification and identify critical component specifications.
☐Develop tests (if a system component, or necessary for device test and evaluation).
☐Demonstrate initial proof-of-concept for device candidates in a limited number of laboratory models (may include animal studies).

	4
	☐Perform non-GLP laboratory research to refine hypothesis and identify relevant parametric data required for technological assessment in a rigorous (worst case) experimental design.
☐Perform exploratory study of candidate device(s)/systems (e.g., initial specification of device, system, and subsystems).
☐Evaluate candidate devices/systems in laboratory and/or animal models to identify and assess potential safety problems, adverse events, and side effects.
☐Identify procedures and methods to be used during nonclinical and clinical studies in evaluating candidate devices/systems.
☐Initiate the design history file, design review, and, when required, a master device record, to support either a 510(k) or PMA.

	5
	510(k)
	☐Determine substantially equivalent devices and their classification, validate functioning model, ensure initial testing is complete, and validate data and readiness for cGMP inspection.
☐Preliminary findings suggest the device will be substantially equivalent to a predicate device.

	
	PMA
	☐Compare devices to existing modalities and indications for use and equivalency demonstrated in model systems (e.g., devices tested through simulation, in tissue or organ models, or animal models if required).
☐Identify and qualify all component suppliers/vendors.
☐Audit all vendors for critical components for cGMP/QSR compliance.
☐Verify component tests, component drawings, design history file, design review, and any master device record.
☐Draft Product Development Plan.
☐Hold pre-IDE meeting with CDRH and prepare and submit IDE; review by CDRH determines the investigation may begin.

	6
	510(k)
	☐Update and verify component tests, component drawings, design history file, design review, and any master device record.
☐Finalize preparation of manufacturing facility ready for cGMP inspection.
☐Information and data demonstrate substantial equivalency to predicate device and support production of the final prototype and final testing in a military operational environment.

	
	PMA
	☐Conduct clinical trials to demonstrate safety of candidate Class III medical device in a small number of humans under carefully controlled and intensely monitored clinical conditions.
☐Update and verify component tests, component drawings, design history file, design review, and any master device record.
☐Demonstrate production technology through production-scale cGMP plant qualification.
☐Data from the initial clinical investigation demonstrate that the Class III device meets safety requirements and supports proceeding to clinical safety and effectiveness trials.

	7
	510(k)
	☐Produce final prototype and/or initial commercial-scale device and test in a military operational environment.
☐Information and data demonstrate substantial equivalency to predicate device and use in a military operational environment.

	
	PMA
	☐Complete clinical safety and effectiveness trials with a fully integrated Class III prototype in an operational environment.
☐Continue study of effectiveness, and determine short-term adverse events and risks associated with the candidate product.
☐Complete functional testing of candidate devices, resulting in final down-selection of prototype device.
☐Complete final product design and produce final prototype and/or initial commercial scale device.
☐Collect, present, and discuss data with CDRH in support of continued device development.
☐Clinical endpoints and test plans agreed to by CDRH.

	8
	510(k)
	☐Prepare and submit 510(k) application; approval of the 510(k) by CDRH has been received.

	
	PMA
	☐Conduct trials to evaluate the overall risk-benefit of using the device and to provide an adequate basis for product labeling.
☐Complete QSR compliance, the design history file, design review, and any master device record.
☐Device production followed through lot consistency and/or reproducibility studies.
☐Hold pre-PMA meeting with CDRH and complete facility pre-approval inspection (PAI).
☐Prepare and submit PMA application; approval of the PMA by CDRH has been received.

	9
	☐The medical device can be marketed and distributed.

	Checklist 5: Technology Readiness Levels – Medical IM/IT and Medical Informatics

	TRL
	Checklist – The Offeror must check all boxes up to and within each section/row to be considered at that TRL.

	1
	☐Explore hardware (HW)/software (SW) System technology. Basic theories applied to IM/IT field suggest promise.
☐Identify the potential medical solution to mission need and define Medical Informatics data and knowledge representation issues.

	2
	☐Begin HW/SW Systems invention.
☐Document overall system concepts by flowcharting or other system descriptive techniques.
☐Define Medical Informatics data and knowledge representation schema.

	3
	☐Investigate and develop separate elements of HW/SW System components (not yet integrated or representative).
☐Model Medical Informatics data and knowledge representation schema.

	4
	☐Produce prototype.
☐Integrate HW/SW system components to establish that pieces will work together. 
☐Instantiate Medical Informatics data and knowledge representation models with representative data or knowledge from applicable domain.

	5
	☐Test prototype in a laboratory environment.
☐Integrate HW/SW system components and employ realistic supporting elements so that the system can be tested in a simulated environment. 
☐Specify actual interfaces to supporting systems and begin development.
☐Implement Medical Informatics data and knowledge representation models as data and/or knowledge management systems.

	6
	☐Perform advanced technical testing of prototype HW/SW System, to include interfaces to actual supporting systems in a relevant or simulated operational environment.
☐Outproduct is final prototype.
☐Test Medical Informatics data and knowledge management systems with target applications in a lab environment.
☐Develop configuration management.

	7
	☐Prototype HW/SW System is near or at planned operational system.
☐Demonstrate actual system prototype in an operational environment with end-users (first cut user test).
☐Operationally integrate and test Medical Informatics data and knowledge management systems with target applications in an operational environment.

	8
	☐Test and evaluate the HW/SW System in its intended environment to ensure that design specifications are met.
☐Validate fully integrated and operational Medical Informatics data and knowledge management systems in several operational environments.
☐HW/SW System has been proven to work in its final form and under expected conditions.

	9
	☐HW/SW System is in its final form and under mission conditions, such as those encountered in operational test and evaluation.
☐Medical Informatics knowledge maintenance and verification of data integrity are ongoing. 
☐Military requirements met for transportation, handling, storage, etc.
☐Product successfully used during military mission as component of IOT&E phase. 
☐Logistical demonstration successfully conducted.






